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EXECUTIVE SUMMARY 
 

The Bicol Agri-Water Project’s (BAWP) goal was to enhance climate change adaptation for food 

security through improved irrigation water management. It tested the suitability and effectiveness of 

climate change adaptation strategies within the farming communities of Nabua and Buhi in Camarines 

Sur and Polangui in Albay. To improve irrigation water management, the project also promoted 

improved watershed management strategies within the Buhi-Barit Watershed Reservation of Buhi, 

Camarines Sur and Quinale A Watershed of Polangui, Albay.  Adopting a riverbasin approach, BAWP 

worked with farming communities and local governments in upland communities of these watersheds to 

minimize the effects of climate hazards on the lowland rice farming communities of Nabua, Camarines 
Sur.  

This Final Report describes the outputs, outcomes and impacts of the five year project which started on 

September 7, 2012 and ended on December 31, 2017, after being granted with a three-month no-cost 

extension. The report also covers activities implemented during the extension period, including the 
legacy of the BAWP, lessons learned and ways forward.  A financial report is also included.  

The BAWP impact was measured through the realization of its purpose/objective which was improve 

irrigation water management to achieve its goal of food security especially during floods/droughts. This 

was done through three intermediate results or outcomes, namely: a) capacities of farmers to adapt to 

climate variability and change enhanced; b) farmers and other stakeholders are able to adopt climate 

decision support tools; and c) climate risk resilient water governance promoted.  

Municipal and provincial level data did not show consistent declining trends in the rice production 

damages due to extreme events. Project interventions at the farm level, however, yielded positive 
effects in terms of reducing yield losses during these times.  

A total of about 700 farmers have increased knowledge and skills on climate change adaptation 

strategies that allowed them to use agricultural technologies to avoid significant losses. This was 

achieved through 14 Climate Field Schools (CFS) in 14 villages that were conducted for dry and wet 

seasons in 2013/2014. Demonstration farms were set up where 10 new drought-resistant and flood-

tolerant rice varieties were introduced in the villages. Small scale irrigation systems in the form of three 

Shallow Tubewells (STWs) and 2 Small Farm Reservoirs (SFRs) increased farm yields and enabled the 

farmers to produce rice even during drought season. The techno demo of the Sloping Agriculture Land 

Technology (SALT) in the upland study site convinced farmers of its co-benefits as a soil conserving and 

income increasing technology. Farmers also underwent capacity building for alternative livelihood 

opportunities, such as growing mushrooms and food processing, which provided additional income 

between cropping seasons and especially during the aftermath of typhoon/flooding when a portion of 

rice crops were damaged.   

Seven science-based decision support tools were developed, tested and applied that enabled farmers to 

use climate information in their decisions to plant and harvest This was done through establishment of 

rainfall data collection instruments in the study sites, training of farmers on rainfall data collection, 

development of decision support tools for water resource allocation at the sub-watershed scale or the 

basin scale, preparation of knowledge sharing portal, and preparation of Seasonal Climate Forecast and 

Agricultural Extension Advisory (CLEA). The project also conducted capacity building activities that 

increased the knowledge and skills of farmers, local government units (LGUs) representatives and other 

partner institutions to integrate climate information in agricultural decisions, and municipal agricultural 
development plans.  



 Bicol Agri-Water Project FINAL REPORT (Oct. 1, 2012 – Dec. 31, 2017)| ii 

  

Third, knowledge and skills of LGU stakeholders, regional and national partners on irrigation water 

policy analysis and advocacy were enhanced that increased their appreciation about the importance of 

good water governance. Knowledge and skills of sub-watershed councils on water governance were also 

improved. These were done through training programs conducted by the project. Seven (7) municipal 

ordinances were passed; however, sub-watershed agreements were proposed but were not yet adopted 

due to personnel changes within the bureaucracy and complicated legal procedural processes by the 
various institutions who compose the watershed council. 

This project generated a rich experience and lessons learned in doing work to make communities risk 

resilient. First of all, at the farm level, farmer organizations play a significant role not only in sustaining 

the adoption of introduced technologies, but also in reaching out to the other actors who can help 

them, including the professionals in the state colleges and the Department of Agriculture Regional Field 

Office 5 (DA RFO5). Secondly, the DARFO 5 played a critical role in providing the necessary technical 

expertise and technologies. The farmers were confident in their decisions knowing that DARFO5 is 

always there to support them in case of crop failure. This is true especially during the floods where 

DARFO 5 provided the seeds for farmers to replant. Lastly, local government is basically the driver in 

making communities risk resilient; more investments in capacity development and provision of weather 

instruments made them effective in providing climate information to the farmers in a timely manner. 

To sustain all of these interventions, strengthening partnerships among all those concerned is very 

important. The role of the national agency PAGASA is imperative in provision of climate information and 

in training the locals on the understanding the weather trends and forecast. More functional weather 

data collection instruments across Bicol will be needed. Other non-technological adaptation strategies, 

such as rainfall based insurance can also be later on introduced. Local governments now armed with 

ordinances can provide for funds for more CFS and continuous production and dissemination of the 

CLEA. Water management at the watershed level will also be important in the long run.  The Bicol 

Regional Development Council (RDC), the highest policy making body in the region was indeed right to 

recommend that this project be expanded to the whole of Bicol. The national DA likewise provided for 

funds to introduce the CLEA to ten other regions/provinces in the Philippines. 
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1. PROGRAM BACKGROUND / OVERVIEW 
 
On September 7, 2012, the University of the Philippines Los Baños Foundation, Inc. (UPLBFI) together 

with its partners started the implementation of a five-year project entitled, “Water Security Under 

Climate Risks: A Philippine Climate Change Adaptation Strategy for the Agriculture Sector”, referred to 

as the Bicol Agri-Water Project (BAWP).  This project aimed to enhance food security through climate 

change adaptation at multiple scales that include national, watershed, local, community, as well as farmer 

level. The main focus is to improve the management of irrigation water in the study sites of Buhi-Barit 

and Quinale A sub-watersheds. To attain this, BAWP worked on achieving three intermediate results 

(IR) or outcomes: 1) capacities of farmers to adapt to climate variability and change enhanced; 2) 

decision support tools adopted by farmers and other stakeholders; and 3) climate risk resilient water 

governance promoted. The project officially ended on December 31, 2017, following a no-cost 

extension from its original end date of September 6, 2017.  

This final report chronicles the project’s activities, key achievements, as well as lessons learned and 

challenges especially in sustaining the impacts of development projects such as this experience. It also 
includes a financial report.  

 

1.1 THE PROJECT SITE 

The Bicol River Basin is one of the major basins in the Philippines situated at the southernmost tip of 

Luzon. Bicol River is the eight largest river in the Philippines in terms of drainage basin size with an 

estimated catchment area of 3,770 km². The river drains to the southwestern part of the island of Luzon 

and passes through Camarines Sur, Camarines Norte and Albay provinces in the Bicol Region (Bicol-
RDC, 2008). 

The river starts from Lake Bato, 6 meters above sea level, and flows 94 kilometers downstream to its 

estuarine mouth at San Miguel Bay. It passes through the alluvial and coastal plains of the vast Bicol 

Valley, an elongated, northwesterly trending depression in the Bicol Region, which contains alluvial plains 

to the coastal plain. The basin has an influence area of 10,058 square kilometers including its drainage 
basin (Otieno, 2004).  

The Bicol rice-based agricultural systems that are highly vulnerable to climate variability, floods and 

drought were the study sites. Two watersheds (sub-basin), the Buhi-Barit Watershed Reservation 

and Quinale A were studied. Buhi-Barit Watershed Reservation, is located in the municipalities 

of Buhi, Sangay and Iriga City in the province of Camarines Sur containing an area of 18,379.8 hectares 

spanning the municipality of Buhi and extends to Mount Asog and Mount Malinao covering parts of the 

municipalities of Sangay in Camarines Sur and the City of Iriga. On the other hand, the Quinale A 

watershed is located in the municipalities of Polangui, Oas, Ligao City and Tabaco City in the province 
of Albay containing an area of 53,565 hectares.  
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Figure 1. The Bicol River Basin Area (Map generated by Jonathan T. Macuroy) 

The choice of the three study towns was guided by the river basin approach. The two upland study 

towns of Buhi, Camarines Sur and olangui, Albay drain their surface water in the lowland town of 

Nabua, Camarines Sur. The total direct and indirect beneficiaries include about 6,000 farmers in the 

three study towns, 100 Irrigators’ Associations trained in rainfall data collection, two provincial LGUs 

and three municipal LGUs, and about 35 barangays. About 10,000 hectares of agricultural lands are its 

sphere of influence. Two types of risks are the flood risks due to the degraded watershed along the 

Polangui, Albay; and drought risk due to the competing use of water from the Lake Buhi in the town of 

Buhi during the dry period. Due to its low lying elevation, Nabua is the recipient of all the flood waters 
of both Quinale and Buhi waters. It is also a drought area if Lake Buhi experiences water scarcity. 

Both socio economic and biophysical characterization of the study sites are available and reports have 

been submitted to the USAID during Year 1 and are also discussed in Rola et al. 2017.   



 Bicol Agri-Water Project FINAL REPORT (Oct. 1, 2012 – Dec. 31, 2017)| 3 

  

1.2 PROJECT HYPOTHESIS AND THE THEORY OF CHANGE 

The development framework in Figure 2 describes the program hypothesis and theory of change. Both 

flooding and drought cause agricultural crop damages. Drought can result in irrigation water scarcity, 

while direct losses are experienced by farmers during floods. In order to effectively and sustainably 

minimize these damages to attain water security and climate resilient agricultural development, 

interventions were introduced across multiple levels of policy, planning and action. Community, inter 

and intra-local government adaptation planning and strategies promoted these climate risk management 

(CRM) goals. Building capacity and social capital among these communities and governance entities in a 

watershed was indeed an onerous task, but critical for the achievement of the food security amidst 
climate change.  

At the core of the BAWP approach was the proposition that effective management of hydro-climatic 

risks for agriculture relies on: 1) the ability of stakeholders to collect, share and access quality climate 

and other key information; and 2) successful integration of this information into decision making, 
including relevant policies, regulations, and other institutional processes.  

The adaptation interventions that were done at the farm level included Small Farm Reservoir (SFR), 

Shallow Tubewells (STW), Climate Field School (CFS), Flood/ Drought Resistant Varieties and soil 

conservation measures through the Sloping Agricultural Land Technology (SALT).  The performance of 

these interventions in term of yields and incomes has been reported (see Rola et al 2017), and in 

general, these introduced technologies have also been observed to minimize the production damages, as 

hypothesized. However, these can only be observed at the farm level, rather than municipal/provincial 

levels. Community level interventions were in the form of capacity building of IAs on Rainfall Data 

Collection, formulation of the location specific dynamic cropping calendar that was also connected to 

the hazard calendar. Municipal/provincial level interventions were in the form of training programs 

integrating CRM in Agricultural Development Plans, capacity building on Use of Decision Support Tools 

for Climate Forecasting, Climate Communication Network/ Knowledge Portal. Watershed/ Sub-Basin/ 

Regional level interventions were in developing climate Information based on Flood and drought 

Management Plans, while national level intervention was likewise in the form of building awareness on 

the models for integrating CRM and Integrated Water Resource Management (IWRM) strategies and 
climate decision support tools into irrigation policy and planning. 

Over- all, the project has built capacities of about 700 farmers to be climate resilient.  Capacities of 10 

institutions were built in using the Climate Agriculture Modeling Decision Tool (CAMDT) to generate 

information for the Seasonal Climate Forecast and Extension Advisory (CLEA), which is a decision tool 

used by municipal agricultural extension in relaying adaptation technologies to farmers. Our three study 

municipalities now have passed ordinances to sustain the conduct of the CFS and the production of the 

CLEA. The two sub-watershed agreements that were initiated by the project have not been finalized 

until the project completion. This just showed the complexity of reforming institutions for water 

management in the Philippines.  
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Figure 2. Development Framework and Theory of Change 
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1.3 PROJECT GOAL, OBJECTIVE, OUTCOMES AND ACTIVITIES 

 

Project Goal: Climate change adaptation for food security is enhanced  

Project Objective or Purpose: Irrigation water management improved 

There are three intermediate results (IR) or outcomes (Figure 3):  

IR 1) Capacities of farmers to adapt to climate variability and change enhanced;  

IR 2) Farmers and other stakeholders are able to adopt climate decision support tools; and  

IR 3) Climate risk resilient water governance promoted 

The first intermediate result was achieved through increased knowledge and skills of about 700 farmers 

on climate change adaptation strategies, demonstration of 10 climate risk resilient agricultural 

technologies and establishment of 5 small scale irrigation systems. To support this, 14 Climate Field 

Schools (CFS) in 14 villages were conducted for two seasons in 2013/2014. Demonstration farms were 

set up where 10 new climate resistant varieties were introduced in the villages. Small scale irrigation 

systems in the form of three STWs and 2 SFRs increased farm yields and enabled the farmers to 

produce rice even during drought season. The techno demo of the SALT in the upland study site 

convinced farmers of its co-benefits as soil conserving and income increasing.   

The second intermediate result was realized by the development of decision support tools, provision of 

climate information to farmers in the sphere of influence of the partner local governments, and 

increased knowledge and skills of farmers, local government units (LGUs) representatives and other 

partner institutions in integrating climate information in agricultural decisions, and municipal agricultural 

development plans that nuanced the integration of decision tools that were introduced. All these were 

done through establishment of rainfall data collection instruments in the study sites, training of farmers 

on rainfall data collection, development of decision support tools for water resource allocation at the 

sub-watershed scale or the basin scale, preparation of knowledge sharing portal, and preparation of 
CLEA.  

Lastly, the third intermediate result was achieved because knowledge and skills of LGU stakeholders, 

regional and national partners on irrigation water policy analysis and advocacy were enhanced. 

Knowledge and skills of sub-watershed councils on water governance were also enhanced. These were 

done through training programs conducted by the project. Seven (7) municipal ordinances were passed; 
however, sub-watershed agreements were proposed but were not yet adopted.  
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Figure 3. Bicol Agri-Water Project Results Framework 
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2. ACCOMPLISHMENTS 

 

2.1 Impact of the BAWP on reducing production damages from extreme events 

(Summary Performance Indicators)  

BAWP used several indicators to reduce production damages from extreme events. Three general 

indicators (please refer to Appendix Table 1 for the list of indicators) include farmers with increased 

capacity to adapt to the impact of climate variability and change; stakeholders adopting climate change 

adaptation tools, techniques, and methodologies that were developed and tested; and partner 

institutions with improved water governance capacities to address climate change 

The vulnerability of Bicol region to climate-related hazards such as typhoons, floods, and dry spells has 

had negative impact to agriculture. Such vulnerability translates to large agricultural losses from direct 

damages to crops and irrigation facilities and reduced water availability for farmers. From 2007-2011, 

Bicol sustained Php5.36 billion (Israel and Briones, 2012) and even increased from 2013-2016 to Php6.05 

billion (DARFO 5) worth of damage in rice farming due to typhoons, floods and droughts.  

Over the last five years, more frequent tropical storms and typhoons including El Niño in 2016 damaged 

rice production in the Bicol region (Figure 4). 

 

 

Figure 4. Distribution of extreme events that damaged rice production in Bicol region  

from 2006-2016 

 

By end of 2017, the production losses in Albay (12.22%) were reduced by 7.78 percentage points, from 
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production losses (74.52%) increased by 17.52 percentage points relative to baseline and even higher 

than the project’s target of 47%. During this period, the Bicol region experienced a series of typhoons 

and dry spell, weather and climatic events which affected the two provinces differently. BAWP 

introduced interventions in 5 out of 720 barangays in Albay and 9 out of 1036 in Camarines Sur.  To 

attain bigger impact of interventions and to address the effects of climate stresses, there is a need to 

scale up adaptation strategies to other barangays as well as integrate resilience in regional and provincial 
plans for agriculture development.   
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Across all municipalities where BAWP worked, there was a notable decrease in production losses, some 

of which fell below the project’s 5% loss target. In Polangui, for instance, production loss fell from 14% 

to 12.55%, which was higher than the project’s target of 9% production loss. The interventions in the 5 

barangays enabled farmers to harvest more rice compared to baseline years (2006-2011), thereby 

narrowing the gap of production loss between 2006-2011 and 2013-2016.  Nabua also experienced a 

decline in loss, from 12% to 7.58%, while Buhi experienced the biggest reduction in production loss, 

from 12% to 2.55%.  These positive results were achieved despite the incidence of drought and typhoon 

in 2015 and 2016, respectively, and would not at all have been possible without the project’s 
intervention 

Appendix Table 2 shows additional information on the extent of damages to rice production caused by 

natural calamities in the Bicol region and the percent changes in losses as compared to the baseline data. 

Table 1. Percent reduction in rice production losses in Albay and Camarines Sur and 

percent reduction in rice production losses in Buhi and Nabua, Camarines Sur and 

Polangui, Albay 

Indicators 

Baseline % 

Damage Loss 

(2006-2011) 

 

Target % 

Damage Loss 

over the Baseline  

[1] 

Estimated % 

Damage Loss 

(2013-2016) 

[2] 

Difference 

(Reduction in 

%Damage 

Loss) 

 [3=1-2] 

Indicator 1. Percent reduction in rice production losses in Albay and Camarines Sur 

Albay 20% 15% (5% less) 12.22% 2.78% 

Camarines Sur 57% 47% (10% less) 74.52% -27.52% 

Indicator 2. Percent reduction in rice production losses in Buhi and Nabua, Camarines Sur and 

Polangui, Albay 

Nabua 12% 7% (5%less) 7.58% -0.58% 

Buhi 12% 7% (5% less) 2.55% 4.45% 

Polangui 14% 9% (5%less) 12.55% -3.55% 

 

In general, the project’s intervention at the municipal level enhanced the capacities of farming 

communities and other stakeholders’ decision towards climate resiliency. At the farm level, result of 

project’s assessment showed that Climate Field School (CFS) graduates have higher percent increase in 

yield before and after the CFS implementation as compared to Non-CFS graduate as shown in Table 2 

below. More farmers have shifted from good seeds to certified seeds and hybrid to put into practice the 

knowledge they learned in attending CFS. It shows that farmers can adopt new skills and technologies 

introduced to them.  

Table 2. Percent difference in the average yield (cavans per hectare) of CFS and non-CFS 

graduates before and after CFS implementation by cropping season 

Cropping 

Season 
 

Buhi Nabua Polangui 

Before 

CFS 

After 
CFS 

% 

Difference 

Before 

CFS 
After 
CFS 

% 

Difference 

Before 

CFS 

After 
CFS 

% 

Difference 

Dry 

Season 

CFS 

Grad 
76.79 87.64 14.13 39.14 50.88 29.99 49.82 89.00 78.64 

Non-

CFS 
78.15 84.47 8.09 69.50 79.23 14.00 47.54 47.08 -0.97 

Wet 

Season 

CFS 

Grad 
73.47 82.90 12.84 81.73 71.19 -12.90 45.35 82.12 81.08 
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Non-

CFS 
72.99 74.62 2.23 75.42 70.78 

-6.15 
42.92 46.69 8.78 

 

2.2 Capacity Building and Adoption of Decision Tools (as measured by Global Indicators 

performance)  

This project is about building the capacity of a number of key actors in the agriculture sector in the two 

study sub-watersheds of Quinale A and Buhi-Barit.  First are farmers, so they can adapt to the changing 

climate patterns.  Second are local government officials, especially the executive, legislative and the 

municipal agriculture office so they can assist farmers to change their traditional ways.  Third are the 

scientists in state colleges and universities so they can upgrade the technical knowhow in modelling 

climate crop relationship for seasonal climate forecast and extension advisory. .  Finally, capacity building 

is also needed for other watershed stakeholders so they can promote optimal water based decisions, i.e. 
when to release irrigation water from the lake.  

Table 3 summarizes the number of farmers who successfully completed the Climate Field School (CFS) 

in both lowland and upland areas; representatives from Irrigator’s Association trained on rainfall data 

collection; LGU representatives trained in integrating climate information in agricultural decision and 

other stakeholders who are also participants in the yearly roundtable discussions (RTDs). The actual 

number of farmers and stakeholders overwhelmingly exceeded the target number as more participants 

attended the trainings, workshops and RTDs than what the project expected. This also showed the 

interest of the partners in the project activities. Supplementary trainings and workshops were also 

administered to respond to the requests. For some of these activities, the DA-RFO5 gave sizable 

counterpart funds.  

Indeed, capacities of farmers and other stakeholders to be climate resilient were enhanced through 

these trainings and workshops, as will be further discussed later. For one, farmers were observed to use 
climate information and other extension advisories in their agricultural decisions.  

Table 3. Number of stakeholders with increased capacity to adapt to the impact of climate 

variability and change as a result of USG assistance (Indicator 3) 

Training/ 

RTDs 

2012-2013 2013-2014 
2014-

2015 

2015-

2016 
2016-2017 Actual Target 

Deviation 

(%) 

M F M F M F M F M F M F M F M F 

Farming 

Population  

                

-Farmers  205 239 66 106     110 67 381 412 180 180 111.67 128.89 

-Member of 

IAs 

57 66         57 66 50 50 14 32 

LGU 

(Barangay, 

Municipal and 

Provincial)  

77 59 108 92 64 44 41 16   290 211 75 75 286.67 181.33 

-Other 

Stakeholders 

(regional 

government, 

academe, 

private sector 

and civil 

society 

groups) 

92 31 49 30 98 36 56 38 46 37 341 172 3 2   

TOTAL 431 395 223 228 162 80 97 54 156 104 1069 861 308 307 247.08 180.46 
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The project developed tools, techniques and methodologies, which helped various partner agencies 

better decide their adaptation measures. Weather data collection instruments including 20 rain gauges 

and 1 automatic weather station (AWS) provided data that are truly representative of the rain fall over 

the area and other weather variables. These instruments have collected weather data since 2013, and 

this practice will continue to help build up the local weather database even after the project ends. The 

establishment of technology demonstration farms that tested multi-trait varieties in the lowland and the 

integrated farming system and soil management in the upland showcased climate change adaptation 

technologies for agriculture. The demo farms helped farmers select the rice varieties that had the best 

yield despite drought or floods. Integrated farming systems through the Sloping Agriculture Land 

Technology (SALT) resulted to diversified crops that increased farm incomes. Soil management learned 

from the SALT minimized erosion, thus promoting environmental sustainability and higher productivity.  
Our data suggest that yields and incomes of farmers have increased due to the adoption of these risk- 

resilient technologies. Furthermore, small scale irrigation system (SSIS) such as shallow tube wells and 

small farm reservoirs made water available despite dry conditions increasing farmers’ resilience to 
drought.  

Decision support tools and models (Table 4) were introduced in 2013, developed until 2014, tested and 

validated in 2015 and 2016 and adopted in 2017 by various stakeholder groups. 

Table 4. Number of climate change adaptation tools, techniques, and methodologies 

developed, tested or adopted (Indicator 4) 

Climate Change 

Adaptation Tools 

2012-

2013 

2013-

2014 

2014-

2015 

2015-

2016 

2016-

2017 Actual Target 
Deviation 

(%) 

Tools for Data 

Collection   

        

-Rain  gauges 20     20 20 0 

-AWS 1     1 1 0 

Technologies          

-Crop Varieties         

-Flood Resistant 
6 5 

   4 1 100 

-Drought Resistant    1 

  -Integrated Farming 

System 

 4    4 0  

-Small Scale Irrigation 

System(SSIS) 

        

-STW 3     3 3 0 

-SFR   2   2 2 0 

-Soil Management 

technology in the 

uplands 

        

-SALT 1     1 1 0 

Models         

Water Evaluation 

and Planning 

(WEAP) Model  

1* 1**       

Quinale A    1** 1*** 1**** 1 1 0 

Lake Buhi   1** 1*** 1**** 1 1 0 

Knowledge Sharing 

Portal 

1* 1** 1** 1*** 1**** 1 1 0 
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Seasonal Climate 

Forecast & 

Extension Advisory 

(CLEA)  

  1* 1**** 1**** 3 1 200 

Climate-Agriculture 

Modeling Decision 

Tool (CAMDT) 

1* 1** 1** 1*** 1**** 1 1 0 

TOTAL 31 12 4 0 0 42 35 20 

*Introduction, **Development, ***Validation, ****Distribution/Dissemination/Turn-over  

 

The project also monitored the participation of partners through the number of person hours which are 

accounted for by the time (in number of hours) of participation in Global Climate Change (GCC) 

adaptation training intended for imparting knowledge and skills on climate change and corresponding 

adaptation options for the agriculture sector (Table 5). The trainings, workshops and RTDs conducted 

for the whole project duration were summarized below with corresponding number of person hours 

disaggregated by gender. The project was 3.02% short of the total number of hours completed to 

achieve 127,760 person hours despite of exceeding the target number of stakeholders with increased 

capacity to adapt to the impact of climate variability and change. The shortfall can be attributed to less 

interaction with the farmers and stakeholders during the coaching phase post-CFS. The project focused 

more its coaching on farmers who need it the most, which not only reduced the number of participants 

but also the hours of training. More details are shown in Appendix Table 3. 

 

Table 5. Number of person hours completed in GCC adaptation training (Indicator 5) 

Training 
2012-2013 2013-2014 2014-2015 2015-2016 2016-2017 Actual 

M F M F M F M F M F M F 

Generation, 

Interpretation 

and 

Dissemination of 

Climate 

Information 496 626.5 144 80 264 88 0 0 176 224 1080 1018.5 

Climate Field 

School 16224 16416 22176 31584 2924 5200 3208 3861 3808 5448 48340 62509 

Training of 

Stakeholders for 

Management and 

Governance 1110 517 696 414 112 65 0 0 45 39 1963 1035 

Other Farmer’s 

Training 0 0 0 0 540 380 0 0 0 0 540 380 

Climate Forecast 

and Extension 

Advisory 0 0 0 0 53 58.5 396 334 863 624 1312 1016.5 

Technical 

Workshops on 

Models in Water 

and Agriculture 0 0 576 268 364 100 512 312 352 320 1804 1000 

Roundtable 

Discussion 312 140 284 164 280 148 300 164 60 55 1,236 671 

TOTAL 18142 17700 23876 32510 4537 6040 4416 4671 5304 6710 56275 67630 
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2.3 Enhancing Farmers’ Capacity for Climate Change Adaptation  

BAWP enhanced capacities of farmer 

beneficiaries through the establishment of 

the Climate Field School (CFS) which was 

akin to the ones established in Dumangas, 

Iloilo and Irosin, Sorsogon. The CFS was 

also an avenue to introduce climate 

resilient technologies such as new rice 

lines, small scale irrigation systems and 

integrated farming systems in the uplands 

which were both soil conserving and 

income generating. Results of our 

monitoring and evaluation showed that 

the farmer adoptors of the technologies 

have higher yields and incomes than the 

non-adoptors (those who did not attend 

the CFS). Yields in the 2016 survey were 

higher than in the baseline survey. 

 

2.3.1 The Climate Field School 

Through the collaborative effort of the BAWP and its partner agencies and institutions, the Climate 

Field School (CFS) also called the school without walls (Figure 5) was successfully conducted in 14 farming 

barangays in three municipalities, namely Barangays Sta. Cruz, Monte Calvario, Dela Fe, Sagrada and 

Iraya in Buhi, Camarines Sur; Barangays San Vicente, San Esteban, San Antonio Ogbon, and San Roque 

Madawon in Nabua, Camarines Sur; and Barangays Balangibang, Pintor, La Medalla, Kinuartelan and 
Gamot in Polangui, Albay.  

The CFS involved a series of lecture sessions and hands-on exercises in the field for one whole cropping 

cycle. It provided farmers with agricultural technologies and locally tailored climate information to 

enhance their capacity in planning and decision making to improve farming practices. It also served as an 

avenue to impart the agriculture and water management practices and technologies such as small-scale 

irrigation systems (small water impoundment, shallow tube well technology for groundwater extraction) 

and other water saving technologies in rice to improve farmers and local communities’ resilience to 
hazards brought about by climate change. 

During the conduct of CFS, BAWP adapted a module on climate science, water resource and climate 

risk management as applied to rice farming.    Likewise, an alternative water management technology 

(Alternate Wetting and Drying) was introduced. The adaptation package centered on watershed 

improvement core that include activities to conserve ecosystem services, and practices for specific 

crops, as well as improved gender relations.  The conduct of CFS increased farmers’ awareness about 

the need to manage climate risks in a communal way.  

The CFS also used the existing Palay Check Farmers Field Schools (FFS) learning module of the 

Department of Agriculture, and integrated other relevant concepts related to the effect of climate 

change in agriculture, climate change adaptation (CCA) in agriculture, disaster risk reduction 

management (DRRM), water management technologies and other essential topics, to come up with an 
innovative and practical CFS learning module. 

The DA-RFO 5 managed the CFS through the Agricultural Technicians (ATs) assigned in the target 

barangays. ATs were already acquainted with the FFS methods but they were further trained through 

Figure 5. CFS classrooms are make-shift 

structures, church and other village level spaces.  
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the “Training of Trainers in Climate- Smart Farmers Field School (TOT-CFS)” to enhance their 

knowledge on climate, climate change scenarios, and possible effects to agriculture. In the TOT-CFS, 

resource persons were invited from the Philippine Atmospheric, Geophysical and Astronomical Services 

Administration (PAGASA), National Irrigation Administration (NIA), the Department of Environment 

and Natural Resources (DENR), Bureau of Soils and Water Management (BSWM) and the academe 

including the University of the Philippines Los Baños (UPLB), the Central Bicol State University for 

Agriculture (CBSUA) and the Bicol University – College of Agriculture and Fisheries (BUCAF) and 
International Research Institute for Climate and Society-Columbia University (IRI-CU).  

The retooled ATs served as the CFS facilitators and resource persons during the entire duration of the 

season-long CFS. On special topics and during the conduct of key hands-on on-farm activity (e.g., 

establishment of contours in the uplands), resource persons from the above agencies were invited.  

The partners in the academe monitored and evaluated the conduct of the CFS and the changes in 

adaptation behaviour of the farmers who attended the CFS.  Farmers actually trained exceeded the 

target, which again showed the interest of the farming population to learn about climate change and how 

to adapt to this (Table 6). More farmers attending the school were observed to be elderly, but despite 

this they were willing to learn new approaches that could help them increase their harvests. Average age 

of farmers in the study sites ranged from 52 to 56 years old during the baseline survey. This could have 

also affected their ability to learn new things from the school.  On the other hand, more women farmers 

attended the school, not just for the knowledge and skills but also as an opportunity to socialize. In the 
school, females were able to show off their fashionable selves which was good for their morale.  

Table 6. Number of farmers trained on CCA for agriculture (Indicator 7) 

Municipality 
2012-2013 

2013-2014 
Actual Target 

Deviation 

(%) 

M F M F M F M F M F 

Buhi 75 78 16 46 91 124 75 75 21.33 65.33 

Nabua 49 77 33 21 82 98 30 30 173.33 226.67 

Polangui 81 84 17 39 98 123 75 75 30.67 64 

TOTAL 205 239 66 106 271 345 180 180 50.56 91.67 

 

In order to gauge the farmers’ adoption rate of the technologies discussed during the CFS sessions, 

regular monitoring of the farming activities was conducted. To effectively monitor the impact of the CFS 

on the adoption and utilization of technologies by both the farmers who attended the CFS sessions and 

those that were not part of the CFS, regular farmers’ meetings in all the 14 barangays of the project 

were conducted. Additional capability building activities, project updates, and other activities were also 

conducted during the meetings, thus almost 50% more farmers were observed to adopt. Table 7 shows 

the positive deviation from the actual number of farmers adopting the introduced technology. 

 

Table 7. Number of farmers adopting CRM techniques (Indicator 6) 

Municipality 

2014-2015 2015-2016 2016-2017 
Actual Target 

Deviation 

(%) 

M F M F M F M F M F M F 

Buhi 31 24 53 45 101 90 117 102 75 75 56 36 

Nabua 37 14 59 58 79 81 95 98 30 30 216.67 226.67 

Polangui 25 24 38 55 45 46 56 66 75 75 (25.33) (12) 

TOTAL 93 62 150 158 225 217 268 266 180 180 48.89 47.78 
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2.3.2 CFS based technology interventions 

Introducing climate resilient varieties to farmers 

One of the key elements of the CFS was the establishment of the technology demonstration farms at 

different CFS sites (Figure 6). It served as practical and experiential learning station for the farmer-

participants where they were able to observe and learn the growth stages of rice plant as well as the 

performance of several rice varieties and various component technologies during their schooling.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Climate Field School farmer-students establishing the techno-demo farm at San 

Esteban, Nabua, Camarines Sur 

Through the techno-demo sites, new rice lines that were climate resilient were planted to determine 

which ones were highly adaptable in each site.  Several promising rice lines in the process of purification 

(hence, the absence of a commercial name) were evaluated for several seasons. Some of these lines 

were adopted by farmers, after the demonstration, as they were able to compare the yield performance 

of these introduced seeds and their own practice (Table 8).  The scarcity of supply of these seeds was 
seen as a constraint to further adoption by a larger number of farmers.  

DA-RFO5 provided field supplies for the technology demonstrations in both lowland and upland areas 

such as rice seeds (i.e., NSIC Rc 238 and 274), complete fertilizer (14-14-14), Muriate of Potash (0-0-

60), Urea (46-0-0), organic fertilizer, oil test kit, minus one element test kit, assorted vegetable seeds, 

and laminated sacks. Garden tools were also provided such as wheel barrow, knapsack sprayer, water 

sprinkler, hoe, shovel and rake. The project provided diesel for transportation, food for the training 

expenses as well as water and electricity. However, CFS participants shouldered native food for snacks 
during the training for farmers. 

Table 8. Comparison of grain yields (in ton/ha) in techno-demonstration trials and farmers’ 

practice by season in three selected municipalities 
Municipality Techno-

demo 

DS 2013 

Techno-

demo  

DS 2014 

Techno-

demo 

DS 2015 

Farmers’ 

Practice 

DS 2015 

Techno- 

demo  

WS 2015 

Farmers’ 

Practice 

WS 2015 

Farmers’ 

Practice 

DS 2016 

Farmers’ 

Practice 

WS 2016 

Polangui 

(Balangibang) 
6.36 6.82 7.16 5.23 4.50 4.44 5.05 5.02 

Buhi 4.83 9.80 6.18 3.82 6.10 3.72 3.75 3.51 

Nabua 4.52 7.90 6.67 3.11 4.82 2.81 4.84 3.17 
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Sustainable Farming in the Uplands 

In the upland of Polangui, the BAWP established two Sloping Agricultural Land Technology (SALT) 

model farms in an idle land covered with cogon grasses. SALT is a form of alley farming in which field 

and perennial crops are grown in bands 4-5 meters wide between contoured rows of leguminous trees 

and shrubs. The model farms intended to showcase conservation and land management technologies 

appropriate for cultivated upland sloping agricultural areas as well as approaches for sustainable land and 

crop productivity. Technologies such as contour farming, alley cropping, and integrated farming system 

were applied in the model farms. 

Some farmers practiced the Integrated Farming System (IFS) wherein farmers were able to practice 

multi-cropping for maximum production and optimal ulitization of their resources. Benefits in terms of 

more produce and money in hand were observed among the farmer cooperators. Through this simple 

technology, farmers were able to plant crops that have low fertilizer requirements and were also 

resistant to drought since it did not require large amount of water during the growth period. Crops 

planted were usually sweet potato, cassava, sugarcane, hot pepper and bananas. The establishment of 

SALT improved the physical condition and fertility of soil thus converted idle land into a productive 
agricultural land.  

In terms of yield and income, farmers were able to harvest and sell the crops for additional profit. 

Farmer-cooperators were able to harvest sugarcane twice every month and made molded molasses, 

locally known as “sangkaka” which is being sold at Php50.00 per pair. They earned Php 1,000.00 per 

month in a quarter. Once the hot pepper and sweet potato were harvested and sold, it also generated a 
gross income of 1,520.00 and 960.00, respectively. The harvested bananas were consumed by the family.  

The profit generated from the crops harvested in SALT was additional income to the farmer-

beneficiaries since the area was once an idle land covered with cogon grasses. Appendix Table  4  shows 

the number of agricultural technologies demonstrated for the duration of the project.  

Introduction of Small Scale Irrigation Systems (SSIS) as Adaptation Strategy 

The BAWP together with DA-RFO 5 established the Small–Scale Irrigation Systems (SSIS):  three (3) 
Shallow Tube Wells (STW) and two (2) Small Farm Reservoirs (SFR) (Appendix Table 5). 

The STW is a tube vertically set into the ground to lift water from shallow aquifer. It served contiguous 

areas owned by individuals or group of farmer-beneficiaries of the project. The pumping unit consists of 

a centrifugal pump powered by diesel engine or electric motor.  The STWs were established in 

Barangays San Esteban and San Roque Madawon in Nabua and Barangay Iraya in Buhi, Camarines Sur.  

These are barangays prone to drought where water delivery is inadequate to support farm 
requirements.  

STW beneficiaries testified on the usefulness of the STW in complementing water supply for irrigation, 

in case of drought. Figure 7 shows that the average yield of farmers who used the STWs during the dry 

season planting is higher than the average yield of farmers without STW. However, they incurred 
additional expenses for the fuel used in running the STWs. Still income data showed some gains. 
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Figure 7. Average yield of rice farmers with and without shallow tube well (STW) and 

average yield Nabua 2016 dry season  

 

On the other hand, the SFR is small water impounding dam structure that collects rainfall and runoff 

(Figure 8). One SFR each was established in the upland Barangays of La Medalla and Kinuartelan in 

Polangui, Albay where source of water can be tapped to irrigate crops especially during dry season.  

With SFRs, farmer-beneficiaries can plan out the schedule for the release of water and store water for 

future use.  

Before the SFR, farmers in these uplands did not plant rice during the dry season, more so during 

drought. But in April 2016, during the height of El Niño, one farmer harvested seven sacks of rice, each 

weighing about 50kg, from his half-hectare plot of land. This farmer revealed that they can be able to 
produce rice despite the El Nino in 2016.  

Table 9 shows the income from rice farming before and after supplementing with stored water from 

SFR. The average increase in yield is equivalent to 2 cav/ha which is equivalent to Php1,300.00/ha 
additional income. Some farmers without the SFR were not able to plant due to water unavailability. 

Table 9. Income from rice farming before and after supplementing with stored water from 

SFR 

Name of 

Farmer 

Area 

(ha) 

Income (Php/ha) 

Before SFR 

(Wet Season 

2014) 

After SFR 

(Wet Season 

2015) 

Amount 

Difference 

Farmer 1 0.50 9,100 10,400 1,300 

Farmer 2 0.80 6,175 7,800 1,625 

Farmer 3 1.60 21,450 23,400 1,950 

Farmer 4 1.20 11,050 11,700 650 

TOTAL 4.10 47,775 53,300 5,525 

Average Income  12,350 13,650 1,300 
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Figure 8. SFR at La Medalla, Polangui, Albay 

On the whole, farmers were convinced of the impact on yields and income, and in the upland areas of 

Polangui, impact on environmental sustainability of the adaptation strategies that were introduced by the 

BAWP. 

2.4 Adoption of Decision Support Tools by Stakeholders 

The scientists of the BAWP developed, tested, and applied agro-climate tools to support decisions for 

managing climate risks at the farm level and for managing water resources at the watershed level.  The 

decision support tools included: (a) Water Evaluation and Planning Model (WEAP), (b) Climate-

Agriculture Modeling and Decision Tool (CAMDT), and (c) Knowledge Sharing Portal and Maproom 

(KSPM).   In addition to these technology-based tools, is the Seasonal Climate Forecast and Extension 

Advisory (CLEA) which is an advisory bulletin issued by municipal agricultural extension offices to 
farmers. 

For the past five years, annual technical workshops and intensive training workshop on models and tools 

and knowledge sharing were conducted to update the partners about the model’s development and 

elicit comments/suggestions from the partners to better improve the models. The BAWP trained the 

designated representatives from partner agencies who had the capacities to study the models and tools 

and its functionalities. These trained individuals had the capacity to generate results from the models and 
analyze it in aid of extension advisories to be provided to the farmers.  

Prospective climate information with corresponding advisories on its impact to agriculture, particularly, 

rice production formed the CLEA. Farmers have adopted CLEA as a decision support tool for their 

farming activities. The actual numbers of adopters of the CLEA is higher than the target by 70% 

(Appendix Table 6). The CLEA helped farmers improve their strategic decision making in agricultural 

management to minimize losses. Seven decision support tools were developed, tested, and applied 
(Appendix Table 7).  
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2.4.1 Water Evaluation and Planning System (WEAP) models for Bicol Lake and Quinali A watershed 

WEAP is a computer-based software tool developed by the Stockholm Environment Institutes (SEI) to 

provide users with an integrated approach for water resources planning and management in a river 

basin. IRI developed, tested and applied WEAP-Bicol models for the Buhi-Barit and Quinali A 

watersheds to serve as a decision support tool for allocating water in the watersheds. For Buhi-Barit 

watershed, the WEAP model was developed mainly for the appropriate water allocation of the Lake 

Buhi as a tool for resolving conflicts between water users (agriculture, fisheries, municipality and 

hydroelectric power generation) (Figure 9). In Quinali A watershed, the impact of additional diversion 

channels or other infrastructure was one of interests in water resources management and thus more 

complicated water system was implemented for the watershed.  

 

Figure 9. Schematic Diagram of WEAP 

The WEAP-Bicol model takes user inputs (e.g., water demands for municipality and agriculture, water 

supplies from rain and/or Buhi Lake, and natural water loss due to evapotranspiration or stream 

outflow) and calculates a budget of available water to users in the target watershed. Then, scenarios of 

interest can be modeled, enabling users to see the impacts of different water management schemes or 

weather events on water availability. For example, users can run the WEAP-Bicol models to see the 

impact of rainfall increases, future climate change scenarios or dam/canal construction on the available 

water for different stakeholders. The information generated from the WEAP-Bicol models will enable 

decision-makers such as Lake Buhi water managers, irrigators’ associations, or municipal agriculture 

officers to make informed decisions on how best to manage and allocate water resources for agriculture 
along with competing users in these watersheds.  

The WEAP-Bicol models were calibrated based on observed data including lake elevations, with some 

reasonable assumptions. The model output was validated using streamflow observations and remotely-

sensed evapotranspiration data (MODIS-ET). In spite of limited data availability, the WEAP model could 

predict reasonable streamflow pattern and ET. In addition, the WEAP models were linked to short-term 

(seasonal climate forecast) and long-term (climate change scenario until 2041) climate variability/change 

scenarios for more operational decision making.  

More detailed explanations on development of WEAP model for Lake Buhi and Quinali A watershed can 

be found in Annex 1, a separate report only for the WEAP component. The WEAP models were used 

to predict water demands and supply capacities 1) with a tercile-based seasonal climate forecast and 2) 

climate change scenarios which were developed for this particular region. In addition the water 

management options under some proposed and projected scenarios were also tested for the Quinali A 
watershed.  
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2.4.2 Development and application of CAMDT 

Rice farmers in the Bicol region, Philippines are highly vulnerable to climate-related risks, mainly from 

typhoons and floods, and sometimes droughts or dry spells. Therefore, climate-smart agricultural water 

use became more of an important issue in the region. Traditional approaches rarely utilize recent 

advances in seasonal climate forecasting (beyond weather forecast scale for about 7-10 days). For 

instance, probabilistic seasonal climate forecasts (e.g., higher/lower seasonal rainfall amount compared to 

long-term average rainfall) in the Bicol region can be predicted with high accuracy, especially for the dry 

farming season, taking into account the influence of El-Niño-Southern Oscillation (ENSO). Considering 

that there is a strong relationship between seasonal rainfall amount and rice production, seasonal 

climate information with better skill (accuracy) and enough lead-time may benefit farmers or agricultural 

water resources managers allowing more opportunities to reduce climate risks in agriculture and thus 

improve food security in the region. 

Unlike weather forecasts, seasonal climate anomalies can be predicted with a longer lead-time (e.g., a 

few months) for a coming season (next three to six months). Due to inherent uncertainty in climate 

prediction, seasonal climate forecasts (SCF) is released in probabilistic terms for rainfall (i.e., below- , 

near- and above-normal categories). For instance, in December 2015, IRIs net assessment forecasted 

80% below-normal, 15% near-normal and 5% above-normal probability of rainfall for January – March, 

2016 season due to super El Niño, which happened from the end of 2015 to early 2016. Seasonal 

climate forecasts alone could fall short of providing very useful information for improving farm-level 

decisions and policy-level interventions. However, if SCFs are linked with crop simulation models, it 

could help farmers improve strategic and tactical decisions to maximize benefits and minimize any 
climate-related risks in the growing season. 

In collaboration with the University of the Philippines Los Baños Foundation Incorporated (UPLBFI), IRI 

at Columbia University has developed a decision support tool, called CAMDT (Climate Agriculture 

Modeling and Decision Tool), which guided decision-makers in adopting appropriate crop and 

agricultural water management practices that can improve crop yields for given climatic condition. 

CAMDT takes a seasonal climate forecast and links it with the DSSAT- Rice model by downscaling the 

climate forecast into daily sequences of weather data. The results can inform decision-making for 

selecting agricultural management practices (e.g., cultivar and crop type selection, nutrient and water 
management, harvest logistics and insurance) before or during the growing season (Figure 10).  

  
Figure 10. Schematic diagram of CAMDT 
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Detailed CAMDT workflows are shown in Figure 11.. In addition, the user-friendly graphical interface of 

the CAMDT (Figure 12) allows a user to run “what-if” scenarios easily with different climate forecasts 

or crop management options. The CAMDT can translate crop model outputs to economic terms when 

the user provides expected crop price and cost. The tool will help users get a better idea of optimal 
management practices when a seasonal climate forecast is available beforehand.  

 

Figure 11. Schematic of CAMDT processes 
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Figure 12. Graphical User-Interface of CAMDT 

Currently, the CAMDT has been used to produce expected yield outlook based on different planting 

dates and fertilizer application options for the Seasonal Climate Forecast and Extension Advisory 

(CLEA) in the Bicol region, Philippines. CLEA is a two-page briefer that contains six-month climate 

outlook for the municipality and advisories on recommendations for planting and harvesting windows, 

crops or varieties to plant, and crop and water management practices suitable to the climate outlook. It 

is made in partnership with the local government units, with assistance of the PAGASA and the DA-

RFO5. It is released at the onset of every cropping season and updated on a monthly basis. Adoption of 

the CLEA and responses of farmers have been monitored and in 2016 it was reported that a total of 474 

farmers and other stakeholders adopted CLEA as source of climate information and extension 

advisories for decision making in their farming activities. The CLEA has been introduced in 10 more 
regions/provinces in the Philippines.  

Figure 13 illustrates an example of how to use CAMDT for yield predictions in Bicol province given a 

SCF. Crop yield predictions based on wet SCF due to La Niña in 2009 (i.e., scenario names with (F)) 

have more skill than relying only on climatology (i.e., scenarios names with (C)). Each boxplot shows the 

distribution of model-predicted yields using 3 month-SCFs (i.e., JFM, FMA, MAM for Jan-Feb-Mar, Feb-

Mar-Apr and Mar-Apr-May season respectively) with 1-month lead-time as time goes by in the growing 

season. Early in the growing season, predicted crop yield has a higher uncertainty mainly due to 

uncertainty in unknown climate (see JFM). As new SCF becomes available (FMA), observed weather can 

now be used for simulations until January, which significantly reduces uncertainty in predicted crop 

yields. Closer to harvesting time, yield predictions become more accurate with lesser uncertainty as 

majority of weather are now observed. Knowing crop yield forecasts with related uncertainties can 
better inform farmers on their decisions in advance.  
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Figure 13. Rice yields predicted at different lead-times in Bicol province, 2009 dry season 

Note: Dotted horizontal line is the yield simulated with actual weather. For MAM season yield 

box-plots, February and earlier months are already observed. JFM – Jan-Feb-Mar season; FMA 

– Feb-Mar-Apr season; MAM – Mar-Apr-May season. F and C in parenthesis represent 

simulations based on wet seasonal climate forecast and climatology respectively. 

More details on CAMDT development and model calibration/validations are described in journal article 

Han and Ines (Han et al., 2017). In addition, several case studies of CAMDT including testing effect of 

different fertilizer application and planting dates are introduced in the article. 

  

2.4.3 The Knowledge Sharing Portal 

The Knowledge Sharing Portal (KSP) is an online decision support tool for water use and allocation 

developed since 2012 by IRI, with the help of partners at the DA RFO5 and UPLBFI. It is one of the 

project’s main components. The overall goal of BAWP is to attain water security and climate resilient 

agricultural development by effectively and sustainably minimizing agricultural damages in Bicol River 

Basin areas frequented by climate-related hazards. The KSP supports the achievement of this goal, in 

concert with the other intermediate goals of capacity-building trainings (e.g. climate field schools for 

farmers) and small-scale irrigation improvements. Decision support tools for water use and allocation 

guide decision making in water allocation and other adaptation planning. Open data platforms such as 

the KSP help improve data access limitations with the intent of making services more efficient and 
reducing risk in climate-affected sectors such as water resources, agriculture, and energy. 
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The development of the KSP began with the need to collect rainfall data for use in climate analyses. 

BAWP with help from PAGASA and DA RFO5 installed 20 rain gauges and 1 Automatic Weather 

Station (AWS).1 Farmers through the irrigators’ associations have been collecting the data from the rain 

gauges. The collectors gather data twice a day (8:00 a.m. and 2:00 p.m). The KSP also mines data from 

other pre-existing sources (e.g. local and satellite-derived datasets). They include information about 

models and observations for precipitation, climate prediction, soil water balance, crop information and 

vegetation at the monitoring, seasonal, inter-annual to climate change scales, with the decision support 

tools operating at the basin to farm scale. The KSP also provides inputs for modelers to use in related 
tools (i.e. WEAP and CAMDT). 

The KSP is a web-based tool that consolidates, hosts all data and models generated from local and global 

products and datasets, as well as the CLEA, CAMDT and WEAP-Bicol and displays them in one location 

(Figure 14) (https://iridl.ldeo.columbia.edu/maproom/Water/BAWKP/). It provides users with easy and 

convenient access to manage and show (as maps, time series plots, tables) climate, water and agricultural 

data generated and used by the project. These tools and the KSP can be used for evaluating proposed 

adaptation options and sharing them with stakeholders for consideration in their decision-making 
process. 

 

Figure 14. Web-based user-interface of KSPM 

KSP is built using the IRI Data Library and Maproom technologies and hosted at the IRI website. They 

advance the dissemination of value added climate and environmental information to address specific real-

world problems. In particular, the Data Library facilitates data inter-operability for analysis and 

visualization while the Maprooms ease the manipulation of information for users and enables sharing to 
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other analysis or dissemination tools. Once in place, it can be accessed and used by agricultural 

technicians and extension workers at the regional and municipal levels as well as agricultural specialists 

in partner state universities and colleges. 

The KSP is designed through interaction with project partners to further enhance its applications and 

uses. Technical stakeholder workshops were held to share information among scientists, local agencies, 

farmers and others. The workshops were key to scientists being able to produce relevant products in 
the KSP.   

In 2017 both the precipitation and Water Balance Monitoring Maprooms were finalized. They facilitate 

near-real time monitoring of rainfall and agronomic conditions, using the 21 DA weather data. The soil 

water balance seasonal forecast Maproom became available for both dry and wet seasons, which also 

rely on the near-real time 21 DA weather stations. In addition, a CLEA Maproom was created to 

facilitate quick visualization and download of the CLEA. Experimental Maprooms were set up for 

CAMDT and WEAP outputs for demonstration purposes and collection of feedback during the 5th 
technical workshop.  

All these models and tools including manuals were turned-over to partner agencies during the last 

technical workshop in March 2017. The partners from SUCs aired their desire to include the models 

and tools to be part of a curriculum or program for undergraduate or graduate courses. Other 

representatives from the partner agencies and institutions who attended the technical workshop also 

showed their support by affixing their signatures on the Pledge of commitment to continue to work 

with partners to provide information for a climate resilient agriculture. Number of decision support 
tools developed can be found in Table 4 (Indicator 4) and Appendix Table 7 (Indicator 11). 

2.4.4 Seasonal Climate Forecast and Extension Advisory (CLEA)  

CLEA is a two-page briefer that contains six-month climate outlook for the municipality and advisories 

on recommendations for planting and harvesting windows, crops or varieties to plant, and crop and 

water management practices suitable to the climate outlook (Figure 15). Hence, the three partner 

municipalities have their own template of the CLEA. The CLEA was patterned with the DARFO5’s Farm 
Weather Bulletin (FWB).  

CLEA contains the following: 1) climate information provided by the PAGASA; 2) historical rainfall data 

collected from the rain gauge stations provided by the RDCs; 3) the El Niño Southern Oscillation 

(ENSO) Forecast and/or La Nina Watch section from the IRI-CU and PAGASA; 4) Tropical Cyclone 

Forecast from PAGASA; 5) the result of crop simulation runs using CAMDT from State Universities and 

Colleges (SUCs); and 6) the Extension Advisory and Good Practice Options (GPOs) and advisories on 

ideal times for planting and harvesting, crops or varieties to plant, and crop and water management 

practices suitable for climate outlook, recommended by the respective Municipal Agricultural Officer 
and DA-RFO 5. 

A draft CLEA was presented during the 1st quarter of Year 3 covering the dry season period from 

December 2014 to May 2015. The draft CLEA was circulated to project partners for their comments 

and suggestions on the content and the design per se. Updated version of the CLEA integrating the 

feedbacks/suggestions of project partners was presented during the Local Climate Workshop for 

BAWP’s stakeholders and for the PAGASA Regional Services Division 5. Partners suggested including 

notes, reminders, references and other contact information as footnote in the CLEA.  

The CLEA was officially launched on September 22-23, 2015 in the municipalities of Polangui, Albay and 

Nabua and Buhi, Camarines Sur. The LGUs of the three municipalities appreciated the CLEA and 
committed to support the dissemination of the advisory.  
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Before releasing the CLEA to farmers, it was shared first to agricultural extension workers (AEWs) as 

their guide in discussing the advisory to farmers. The project also solicited comments/feedbacks from 

them on how to improve the content and the delivery of the information to the farmers. AEWs 

appreciated the color coding scheme used in the advisory. For each rainfall forecast condition, it is 

represented in different color coding that corresponds to advisories that they could provide to farmers.  

The CLEA released to AEWs covered the dry season from November 2015 to April 2016.  

The CLEA has been officially released to farmers during the wet season covering the period June 2016 

to November 2016.  It was later updated with the availability of climate outlook from PAGASA covering 

the period July 2016 to December 2016. English and Tagalog versions were prepared but the latter was 

distributed to farmers.  The said CLEA contains the following: Rainfall collected under the project sites 

of Camarines Sur (Buhi and Nabua) and Albay (Polangui), El Niño Southern Oscillation (ENSO) and La 

Niña Forecast section from the International Research Institute for Climate and Society-Columbia 

University (IRI-CU), Frequency of Tropical Cyclone Forecast made by PAGASA, Ideal Planting Dates 

output of Climate-Agricultural Modeling Decision Tool (CAMDT) simulated by the project, and the DA 

and LGU’s work on the Extension Advisory and Good Practice Options (GPO) suggested by the 
Municipal Agricultural Officer and DA-RFO 5.  

CLEA for dry season covering the period December 2016 to May 2017 was revised before it was 

released to the farmers. This was due to the onslaught of Typhoon Nina that struck Bicol on December 

2016.  It affected the planting season of the study sites; hence, adjustments on the planting dates were 
recommended.  

CLEA for wet season covering the period July 2017 to December 2017 was officially launched and 

disseminated during the BAWP Farmers’ Summit last July 14, 2017. It was attended by the CFS farmers 

from the three target sites. Seasonal Pest Outlook from APCC was integrated to the CLEA. Table 10 

indicates that the actual is greater than the target number of CLEA produced during the study period. 

The reason for this positive deviation is the extension of the project until December, 2017, that allowed 

for three more months of forecast. 
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Figure 15. Seasonal Climate Forecast and Extension Advisory (CLEA)  

Table 10. Number of seasonal climate forecast and extension advisory produced (Indicator 

13) 

Seasonal 

Climate 

Outlook 

2012-

2013 

2013-

2014 

2014-

2015 

2015-

2016 

2016-

2017 Actual Target 
Deviation 

(%) 

Buhi   1 4 4 9 8 12.5 

Nabua   1 4 4 9 8 12.5 

Polangui   1 4 4 9 8 12.5 

TOTAL   3 12 12 27 24 12.5 

 

CLEA was provided mostly to farmers attending the regular farmer’s meetings conducted for each study 

sites (Table 11). The actual number of farmers who were provided with the CLEA information exceeded 

the target. There are also secondary recipients not recorded here; these are the farmer listener of the 

radio program in one of our study sites. Agricultural Extension Workers (AEWs) expounded the 

content of the CLEA during farmers’ meeting. Aside from regular farmer’s meeting, CLEA was also 

shared to other avenues outside the project sites including the Disaster Risk Reduction and Management 

Summit and Farmer’s Congress in Camarines Sur. Co-project investigators and project staffs have been 
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invited to discuss CLEA and disseminate it to other farmers in the Bicol region and even beyond (i.e 

Quezon, Ilocos, Tarlac).  

 

Table 11. Number of farmers provided with seasonal climate forecast and extension 

advisory (Indicator 15) 

Municipality 
2012-

2013 

2013-

2014 

2014-

2015 

2015-

2016 

2016-

2017 Actual Target 
Deviation 

(%) 

Primary Beneficiaries 

Buhi    216 143 224 150 49.33 

Nabua    212 121 203 150 35.33 

Polangui    219 148 186 150 24 

      613 450 36.22 

Secondary Beneficiaries 

DRRM Summit    291  291   

Farmer’s 

Congress 
   933  933   

TOTAL      1,224   

 

Inputs to the CLEA: Community based rainfall data collection  

As mentioned above, the project installed twenty (20) rain gauges in fourteen selected project sites in 

July 2013 (Appendix Table 8). The type of rain gauge installed was the 8” standard rain gauge which is a 

manual instrument or non-recording type of rain gauge used for measuring rain. The rain entering the 8 

inches funnel is directed to a collector tube where the amount of rain will be collected and measured by 

using meter stick. The main objective of measurement of precipitation is to obtain a sample that is truly 
representative of the fall over the area to which the measurement refers.  

Irrigators’ association members and farm leaders were trained to collect rainfall data using standard 

manual rain gauges (Appendix Table 9). Participants were taught the importance of regularly collecting 

rainfall data given the implication of rainfall variability on farming activities. Selected members of 

irrigators’ association and farmer leaders served as rainfall data collectors (RDCs) for the project. In this 

way, farmers appreciated the importance of climate information and developed sense of ownership to 
the data.  

Trained farmer leaders and irrigators’ association members served as rainfall data collectors (RDCs) that 

collect rainfall twice a day, one at 8:00 a.m. and the other one at 2:00 p.m, in standard manual rain 

gauges. They were also in-charge in the upkeep of the rain gauges. Within the project implementation, 

only three out of the 20 installed rain gauges were replaced due to typhoons and floods that damage the 

instruments.  

Since the installation of rain gauges, rainfall variability within municipality was documented based on the 

observed data recorded in at least five years of historical records. Observed rainfall data was also used 
as input in CLEA to characterize the rainfall patterns in the municipality.  

One (1) automatic weather station (AWS) was installed in Polangui, Albay since Nabua and Buhi already 

have one each. The AWS served as an automated version of traditional weather station that measures 
temperature, pressure, humidity, rainfall and wind direction and speed.  

The original site of the AWS was located in upland barangay of La Medalla, Polangui, Albay. The AWS 

was in operation since July 2013; however, data were intermittent due to some constraints encountered 

in gathering data. Fluctuation of electric power in the area automatically shut down the data logger that 
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caused failure in downloading and retrieval of all previous uploaded data. As a remedy, the project 

procured uninterruptible power supply (UPS) to regulate the power input to the AWS console and data 

logger and back-up batteries to be used during events of power outage. Downloading of data was also 

done weekly. The project also explored the installation of solar panel to address the issue of power 

interruption supplied to AWS. However, the AWS sustained damages from consecutive typhoons, 

namely Typhoon Lawin in October 2016 and Typhoon Nina in December 2016. The AWS was 
unserviceable after the typhoons resulting to missing data.  

New AWS was installed in May 2017 at the back of the Municipal Agricultural Services of Polangui. This 

was also inaugurated by the former USAID Director Dr. Susan Brems. The new unit was also sent to 

the PAGASA Testing, Analysis and Calibration Department at Quezon City to be calibrated. The AWS 

was back in full operation in September 2017. The new location of AWS has been strategic for 

maintenance and continuous collection of data. It can now also report real time data using the Global 
Telecommunications System (GTS) to anyone who has internet access.  

The project also facilitated the signing of Memoranda of Agreement (MOA) to secure the commitment 

of municipal and barangay local government units for the continued operation and maintenance of rain 
gauges and AWS even after the project ends. 

2.5 Improving Water Governance at the Local Level 

2.5.1 Increasing LGUs and other stakeholders’ capacities in integrating climate information in water 
management decisions 

Capacities of partner LGU’s to plan and make decision to improve disaster preparedness and to 

minimize losses or reduce the impacts of climate-related hazards were enhanced through the conduct of 

trainings that integrate climate information to their agricultural planning and decisions. Representatives 

from partner LGUs were trained for improved flood and drought management planning, use of climate 

decision support tools in agricultural extension decision, and agriculture development planning 

integrating Climate Risk Management (CRM). Trainings consist of seminars and workshops such as 

Preparation of Flood and Drought Management Plan, Using Climate Decision Support Tools in 

Agricultural Extension,  Agricultural Development Planning Integrating Climate Risk Management 

Strategies, Translating Hazard Calendar into Cropping Calendar,  Local Climate Workshop for BAWP’s 

stakeholders and for the PAGASA Regional Services Division 5 and Preparation of Climate Forecast and 
Extension Advisory Integrating Climate-Agriculture Modeling Decision Tool (CAMDT).  

Table 12 describes the number of LGU representatives trained during these activities that showed that 

on the average, the actual was short of the target, except for the training on the CLEA. This is mainly 

because other organizations offer numerous training opportunities to LGU officials such that BAWP 
experienced conflicts in schedules.  

Table12. Number of LGU representatives trained in integrating climate information in 

agricultural decisions (Indicator 16) 

Watershed/ 

Government 

Level 

2012-

2013 

2013-

2014 

2014-

2015 

2015-

2016 

2016-

2017 Actual Target 
Deviation 

(%) 

Flood and Drought Management Planning 

- Regional 4     4 3 33.33 

- Province 10     10 6 66.67 

- Municipality 14     14 21 (33.33) 

Total 28     28 30 (6.67) 

Using Climate Decision Support Tools in Agricultural Extension  

- Watershed  2    2 3 (33.33) 
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- Province  8    8 6 33.33 

- Municipality  16    16 21 (23.81) 

Total  26    26 30 (13.33) 

Agriculture Development Planning Integrating CRM 

- Watershed       3 (100) 

- Province  1    1 6 (83.33) 

- Municipality  17    17 21 (19.05) 

Total  18    18 30 (40) 

Training Workshop on Translating Hazard Calendar into Cropping Calendar 

- Municipality  20    20   

Total  20    20   

Local Climate Workshop for BAWP’s stakeholders and for the PAGASA Regional 

Services Division 5 

- Municipality   44   44   

Total   44   44   

Training Workshop on the Preparation of Climate Forecast and Extension Advisory 

Integrating Climate-Agriculture Modeling Decision Tool (CAMDT) 

- Municipality     11 11   

Total     11 11   

Grand Total 28 64 44  11 147 90 63.33 

 

One of the training programs is in integrating CRM in agricultural development plans. Since not all 

municipal governments are mandated to prepare and submit agricultural development plans, BAWP 

expanded the scope reviewed to various local development plans that integrate climate risk management 

(CRM) strategies introduced by the project. The CRM techniques include the use of drought-tolerant 
and flood-resistant varieties of rice, small-scale irrigation systems and CLEA. 

Nabua’s Agricultural Development Plan (ADP) and Buhi’s Local Development Investment Plan (LDIP) 

and Executive-Legislative Agenda (ELA) indicate the CRM techniques and decision support tools 
adopted. Descriptions of the said plans are detailed in the 5th annual report of BAWP. 

Buhi’s local development plans integrate the conduct of the Climate Field School (CFS) and productivity 

assessment of participating farmers, seed production of drought-tolerant and flood-resistant varieties 

like Green Super Rice (GSR), establishment of Small Farm Reservoir (SFR) and conduct of a training 

workshop on irrigation water management in a watershed context for policy analysis and policy 

formulation. Nabua, on the other hand, put in place legislative support to the conduct of CFS and 
production and dissemination of the CLEA. 

The ADP or any other local development plans could not be acquired from the LGU of Polangui. This is 

despite strong verbal commitment from its Municipal Agriculturist during meetings and roundtable 

discussions.  The Municipal Agricultural Services (MAS) plan to expand the collection of localized rainfall 

data by establishing rain gauges in all barangays of Polangui. The MAS intends to tap internal and external 

sources of funds like the Department of Agriculture Regional Field Office 5 (DA RFO-5) for the 

incentives of the rainfall data collectors. They also actively gather climate information from their 

Automatic Weather Station (AWS) provided by USAID through BAWP and disseminate these 
information through regular (every Monday, 12-1PM) radio broadcasts. 

Although the availability of local government plans to adopt activities and technologies signal greater 

adoption and sustainability potential, experiences from the field point to the strength of executive will 

and agenda as a determining factor to either constrain or support an activity. In the case of Polangui, a 

practically active office in terms of projects and activities, the lack of an ADP as evidence of technology 

adoption does not necessarily denote weakness of climate change resilience (Appendix Table 10).  
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The municipal governments of Buhi, Nabua and Polangu; provincial governments of Albay and Camarines 

Sur, Central Bicol State University of Agriculture (CBSUA), Bicol University College of Agriculture and 

Forestry (BUCAF), Department of Environment and Natural Resources 5 (DENR 5), National Power 

Corporation Buhi-Barit Watershed Area Team (NPC-BBWAT) and DA RFO-5 comprise the ten 

institutions with improved water governance capacities to address climate change issues (Appendix 

Table 11). Although more than ten institutions have participated in municipal, watershed level, and 

national roundtable discussions for the past five years, the institutions mentioned above had been more 
continuously involved in water governance activities for the Buhi-Barit and Quinali A sub-watersheds. 

The local governments of Nabua, Buhi and Camarines Sur; CBSUA and DA RFO-5 were capacitated 

through their staff who had been trained on using the Water Evaluation and Planning (WEAP) model 

specifically calibrated for the Buhi-Barit watershed. These said LGUs are also members of the Buhi-Barit 

Watershed Management Council (BBWMC) chaired by the NPC-BBWAT. For the Quinali A watershed, 

BAWP coordinated closely with DENR 5 and PLGU Albay on the then Albay Tres Quinali A Watershed 

Management Council (ATQAWMC) renamed to Albay Biosphere Management Council (ABMC) of 
which LGU Polangui is a member. 

Election periods both at the national and local levels, consequent appointments and changes in 

leadership, location re-assignments and staff turnover; occurrence of disasters and calamities, shift of 

political priorities, and even misplacement of documents for review are some of the difficulties 

experienced by BAWP that either delayed or regressed its institutional development activities (See 

Annexes 2.1 and 2.2 for detailed narrative timelines). For instance, advocating for irrigation sector 

representation in the ATQAWMC experienced setbacks with the location re-assignment of the 

previous Assistant Regional Director of DENR 5 who championed the creation of an irrigation sub-

committee. This was followed by the national elections that made it difficult to coordinate with 

government offices and subsequent re-appointments which reverted BAWP back to project orientation 

of new officials. 

BAWP also took note of the importance of process-long involvement of key stakeholders in creating 

collaborative agreements. The inclusion of the municipality of Iriga in the BBWMC as recommended by 

NPC-BBWAT during later stages of Council creation delayed the revision and finalization of the 

Memorandum of Agreement (MOA). Since representatives of LGU Iriga were not involved during the 

early roundtable discussions where problems of the sub-watershed and needed solutions were 

discussed, local government support was weak. It took intensive follow ups with the assistance of BAWP 
for NPC-BBWAT to finally obtain a meeting schedule with the mayor and the Sangguniang Bayan of Iriga. 

Two training-workshops on policy analysis for irrigation water management in a watershed context and 

participatory policy analysis for Lake Buhi governance were conducted in 2013. The total number of 

trainees exceeded targets with more representatives from LGUs, DARFO 5 and NIA, among others, 
trained on irrigation water policy analysis. 

BAWP also conducted annual roundtable discussions as the main avenue for gathering stakeholders at 

the municipal and watershed levels. During these discussions, representatives of government institutions 

such as LGUs, SUCs and regional line agencies; private entities like the People’s Energy Services Inc. 

(PESI); and concerned community organizations like Irrigators’ and Farmers’ Associations were gathered 

for BAWP to report project activities and to discuss following collaborative steps for enhancing climate 

change adaptation through improved irrigation water management on the project sites. 

Annual targets for participating stakeholders disaggregated according to gender have been far exceeded 

for all three municipalities with strong engagement with the LGUs (Table 13). Female representation, 

however, fell short by half at the sub-watershed level where participants are invited by Chair agencies of 

the sub-watershed councils and where key officials concerned were mostly male. The deviation was not 

a result of disproportionate engagement of stakeholders according to sex, but by fixed position of 
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persons concerned in the agreement targets. At the national level, participation of both male and female 

groups was almost equal; deviation was a result of fewer participants than targeted due to spatial and 

temporal constraints of national in scope arrangements. Lastly, failure to meet female targets for the 

Year 2 (2013-2014) training (Participatory Policy Analysis for Lake Buhi Governance) were related to 
the Buhi-Barit sub-watershed key officials composed of several male concerned officials. 

Table 13. Number of LGU stakeholders and other partners with increased capacity for 

irrigation water policy analysis and advocacy (Indicator 19) 

Training/ 

RTDs 

2012-

2013 
2013-2014 2014-2015 2015-2016 2016-2017 

Annual 

Target 

Average 

Deviation 

M F M F M F M F M F M F M F 

Training  33 14 16 9 - - - - - - 15 15 63 (23) 

RTDs 

National 0 0 0 0 0 0 0 0 12 11 15 15 (20) (27) 

Watershed   

- Buhi-Barit 20 7 10 6 9 3 17 15 - - 15 15 (7) (48) 

- Quinale A 15 2 16 6 10 6 8 7 15 13 15 15 (15) (55) 

Municipal   

- Buhi 19 8 12 3 14 9 17 7 - - 5 5 210 35 

- Nabua 12 12 11 14 13 10 11 5 - - 5 5 135 105 

- Polangui 12 6 11 5 10 6 13 4 - - 5 5 130 5 

Total 127 35 60 34 56 34 66 38 27 24 75 75 71 5 

 

2.5.2 Improving local governance mechanisms for climate change adaptation  

Ten institutional support documents were crafted throughout the implementation of BAWP (Table 14). 

These are the municipal level ordinances on the implementation of the CFS in Nabua, Buhi and Polangui 

and the production and dissemination of the CLEA in Nabua and Buhi. Also passed at barangay Monte 

Calvario of Buhi is an ordinance on synchronized rice transplanting based on the CLEA. At the 

watershed level, a MOA on the creation of the BBWMC was crafted and adopted as a result of the 

yearly roundtable discussion among the sub-watershed’s stakeholders. On the other hand, the 

resolutions recommending the creation of an Irrigation Committee in the ATQAWMC (2016) and its 

suggested alternative, the inclusion of the National Irrigation Administration (NIA) and the Federation of 

Irrigators’ Association to the ATQAWMC (2017) were officially proposed to the ATQAWMC but were 
not adopted. 

This is because of the ATQAWMC’s renaming into Albay Biosphere Management Council (ABMC) in 
September 2017 that necessitated structural re-organization and expansion which is currently ongoing.  

The ordinance passed at barangay Monte Calvario on synchronized rice transplanting based on the 

CLEA was an unintended outcome of the project. The author of the ordinance, Mr. Jejomar Aguilar, is a 

graduate of the CFS implemented by BAWP, and President of the Monte Calvario Farmers’ Association 

(MOCSFA) which was also organized during the CFS. He was also among the farmers trained by BAWP 

on leadership and capacity building.  

BAWP no longer pursued the passage of ordinances at the provincial level and instead focused on 

watershed level interventions where regional partner institutions and wider set of stakeholders were 
engaged in collaborative agreements. 

Careful timing of activities, close coordination with partner agencies and constant communication with 

contact persons remain to be among the most important considerations in institutional development 

activities. Active sharing of information and updates is also a must if partnerships are to be sustained all 
throughout project implementation and beyond. 
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Table 14. Number of laws, policies, strategies, plans, or regulations addressing climate 

change adaptation officially proposed, adopted, or implemented as a result of USG 

assistance (Indicator 20) 
Type of 

ordinances 

and 

agreements 

FY 

2013 

FY 

2014 

FY 

2015 

FY 

2016 

FY 

2017 
Actual Target 

Deviation 

(%) 

Local ordinance  

- Buhi 0 0 1* 0 2* 3 1 200 

- Nabua 0 0 1* 1* 1* 3 1 200 

- Polangui 0 0 1* 0 0 1 1 0 

 - Albay 0 0 0 0 0 0 1 (100) 

 - Camarines    

Sur 

0 0 0 0 0 0 1 (100) 

Watershed agreement 

- Buhi-Barit 
sub-

Watershed 

0 0 0 0 1*** 1 1 0 

- Quinale A 
sub-

watershed 

0 0 0 1* 1*  2 1 100 

TOTAL 0 0 3 1 5 10 7 28.6 

          *proposed **adopted ***implemented 

 

2.6. Disseminating the BAWP outcomes and outputs  

 

BAWP produced knowledge products for Information, Education and Communication (IEC) of its 

activities, approaches and strategies. The knowledge products range from news reports to scientific 

publications in written and audio-visual forms to cater to a wide range of audiences and various learning 

objectives.   

 

2.6.1 Book  

 

The book Building Resilience of Farming Communities: Science, 

Technology and Governance Innovations in Bicol, Philippines was 

published in December 2017. The book “features the 

strategies, processes, and tool introduced by BAWP. It also 

shares lessons drawn from the project’s past five years of 

experiences working with various stakeholders in the fields, 

with the goal of promoting innovations that will help 

agricultural communities become more resilient to natural 

disasters.” 

 

Please see section 3.3 below for further information on the 

book’s dissemination. 

 

 

 

 

 

        Figure 16. BAWP Book 
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2.6.2 Video 

 

BAWP produced a video showcasing the experience of the project in light of beneficiaries’ and project 

experts’ perspectives. It presents the project’s accomplishments but is more focused on highlighting the 

strategies employed by BAWP and how those contribute to making farming communities more climate 

resilient. The video is intended for viewing of development workers, policy makers, the academe and 

non-government organizations who might consider adopting or replicating BAWP’s model or some of 

its approaches. The video may be viewed on the following link: https://drive.google.com/file/d/1e-

ay0HxzbQVfQSpLFT0W4sLm800KFKwF/view?usp=sharing 

 
Figure 17. Snapshot of the BAWP video 

2.6.3 Newsletters  

 

The BAWP Bulletin served as 

BAWP’s medium for regular 

reporting of project updates to 

partners and communication of 

project accomplishments to general 

audiences. BAWP produced and 

disseminated six newsletters which 

were published bi-annually from 

2014 to 2017. Content of the 

newsletters include success stories 

of project beneficiaries, updates on 

target governance agreements and 

conduct of capacity building 

activities.  

 

 

 

 

 

 

 

Figure 18. Sample front pages of the BAWP 

Bulletin 

 

https://drive.google.com/file/d/1e-ay0HxzbQVfQSpLFT0W4sLm800KFKwF/view?usp=sharing
https://drive.google.com/file/d/1e-ay0HxzbQVfQSpLFT0W4sLm800KFKwF/view?usp=sharing
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2.6.4 Journal articles  

Three journal articles indexed by Thomson Reuters were published under BAWP: Enhancing institutional 

dynamics for multiple uses of water amidst climate-related risks: The case of Lake Buhi, Philippines (2016) by 

Dulce D. Elazegui, Agnes C. Rola and Erica Allis in Lakes and Reservoirs: Research and Management; 

Climate-Agriculture Modeling Decision Tool (CAMDT): A software framework for climate risk management in 

agriculture (2017) by Eunjin Han, Amor V.M. Ines and Walter Baethgen in Environmental Modelling & 

Software; and Downscaling Probabilistic seasonal climate forecasts for decision support in agriculture: A 

comparison of parametric and non-parametric approach (2017) by Eunjin Han and Amor V.M. Ines in 

Climate Risk Management. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 19. Journal articles published by BAWP partners 
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2.6.5 Training Manuals for the CAMDT 

Principal Investigator (PI) for model decision tools Dr. Eunjin Han of Columbia University prepared 

three user guides for using the CAMDT. The modules are recommended for use in the following order: 

1) User-guide for installing Phyton, Pmw, and PhytonWin – Before running the CAMDT; 2) User-guide 

for running the CAMDT: Graphical user interface (CAMDT GUI); and 3) How to use CAMDT for 

CLEA. The modules have been used during trainings in projects sites and over ten regions throughout 

the Philippines. It is also part of the climate information decision tools package turned over by BAWP to 

project partners. 

 

Figure 20. Portions of the CAMDT user guides. 
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2.6.6 Training Manuals for CFS facilitators  

 

Thru the CFS, the BAWP was able to come up with two volumes of Climate-Smart Farmers’ Field 

School- A Facilitators’ Manual, one for Lowland Irrigated Agro-Ecological Zone and the other one is for 

the Upland Agro-Ecological Zone. The said manuals are intended to guide the LGUs especially the 

Agriculture Technologist who planned to conduct a farmers training to their community. 

 

 

 

 

 

 

 

 

 

 

 

Figure 21. The Climate-Smart Farmers’ Field School Facilitator Manuals for Lowland 

Irrigated Agro-Ecological Zone and Upland Agro-Ecological Zone 
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3. PROJECT EXTENSION 

ACCOMPLISHMENTS 
 
The three-month project extension from October 2017 to December 2017 focused on the following 

activities and target outputs: 

 

Activities Target Outputs 

Technical assistance to LGU Buhi on accessing funds 

for the CFS and CLEA ordinances 

CFS and CLEA dissemination programmed in 

budget appropriation 

Publication of the policy book on BAWP experience Published book 

Training and coaching of farmers’ organizations on 

project proposal development 

Project proposals crafted and submitted to 

funding agencies 

Advocate for the inclusion of irrigation sector 

representative in the ATQAWMC/ABMC 

NIA provincial office and Albay Federation of IAs 

included in the Council membership/ Executive 

Committee through updated MOA or resolution 

Creation of the BBWMC Signed MOA by members 

 

3.1 Technical Assistance to LGU Buhi 

Even though an ordinance supporting the continuous implementation of the CFS in Buhi, Camarines Sur 

had been passed in 2015, staff and officials from the Office of Agricultural Services lamented that they 

are having difficulties in accessing funds to implement the CFS in large scales as provided for by the 

ordinance. In light of this, BAWP extended technical assistance to access appropriation for the said 
program. 

To understand where the complications are rooting from, BAWP representatives (Ms. Dulce D. 

Elazegui, Policy and Institution Specialist; Ms. Chrislyn Joanna P. Faulmino, Training Associate; Mr. Francis 

John Faderogao, Project Associate; and Ms. Edlynne Kaith P. Ravago, Project Associate for Field 

Operations) had a meeting with LGU Buhi Municipal Administrator Beethoven Nachor and Agricultural 

Technician Philip Ignao last October 16, 2017. Mr. Nachor was straightforward in explaining that the 

political conflicts between the incumbent mayor and vice mayor (former mayor) was impeding the 

program’s full implementation. According to him, the vice mayor as Chairman of the Sangguniang Bayan 

(SB) was holding the approval of the budget allocation to the CFS and was asking for an Implementing 

Rules and Regulations (IRR) even though the ordinance was already detailed. Ms. Elazegui proposed that 

BAWP will help in the drafting of the IRR to comply with the request of the SB Chairman; Mr. Nachor 

agreed but admitted how he believes that the vice mayor will come up with other measures to hold the 
budget appropriation even after an IRR was submitted. 

Mr. Nachor also said they could not take the issue to the Department of Interior and Local Government 

(DILG) Region 5 because of the further political conflicts of doing so will cause. The group agreed that 

Ms. Elazegui and Ms. Faulmino will seek guidance on the matter from DILG IV-A, and will inform Mr. 
Nachor of other steps they could take. 

Ms. Faulmino attended a consultation meeting with Mr. Brian Ballon, Operations Officer at DILG IV A. 

Based on Ms. Faulmino’s description of the situation in LGU Buhi and the CFS ordinance, Mr. Ballon 

recommended alternative actions that the Executive Office of LGU Buhi can take. Upon discussion with 

Ms. Elazegui, Ms. Faulmino transmitted the advice from DILG IV A to Mr. Nachor via phone call and 
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email along with the draft IRR. A shooting incident near and at the Office of Agricultural Services of 

LGU Buhi caused cancellations of meetings with Mr. Nachor and Mr. Ignao to discuss action steps to 

access CFS conduct budget. 

LGU Buhi is still presently reviewing and editing the IRR provided by BAWP, a copy of which can be 
seen on Annex 3.  

3.2 Publication of BAWP Book 

The BAWP book with the final title “Building Resilience of Farming Communities: Science, Technology and 

Governance Innovations in Bicol, Philippines” was finalized and printed in December 2017 and January 2018, 

respectively. Copies of the BAWP book were distributed not only to partner-agencies but also to 

officials of concerned institutions such as the Climate Change Commission (CCC) and International 

Fund for Agricultural Development (IFAD), and the Office of Vice President Leni Robredo in support of 

her Angat Buhay Program. BAWP continues to disseminate the books in hard and soft copies. Electronic 

copy is in Annex 4 

 

3.3 Training and Coaching of Farmers’ Organizations on Project Proposal Development  

Farmers associations in the BAWP sites of Nabua and Buhi in Camarines Sur and Polangui in Albay were 

trained in preparing project proposals last November 27 to 28, 2017 and November 29, 2017 held at 

Macagang Business Center, Nabua Camarines Sur and  D’Bar Sports Resto Catering  and Rental 

Services, Polangui, Albay, respectively. Dr. Celerino Llesol, Jr. of CBSUA, headed in providing 

information and guided the participants in drafting their respective project proposals.  Each FA’s 

presented their respective outputs and submitted to Dr. Llesol for further improvement.  Project 

proposals is presented in Annex 5. 

 

3.4 Irrigation sector Membership in the ABMC 

The representation of the irrigation sector through the membership NIA-PIMO and AFIA in the 

renamed ABMC was presented by BAWP at during the full council meeting in October and Technical 

Working Group (TWG) meeting in November. Updating and approval of the approved Executive Order 

(EO) is ongoing as of January 12, 2018. Tentative schedule of the Council’s next meeting is in February 

2018. Communication with focal person of PLGU Albay, Ms. Karol Go, affirmed that suggestions of 

BAWP are incorporated in the new EO for finalization and signing of the Council members. Full 

chronological narrative of the coordination activities are presented in Annex 2.2. 

 

3.5 Creation of the BBWMC  

Addition of prospective members to the BBWMC led to subsequent revisions on the MOA that further 

delayed its signing. As of January 2018, editing of the MOA is still ongoing. Although the creation of the 

BBWMC is yet to be officialized, BBWMC Chairman Engr. Reuel De Claro of NPC-BBWAT declared 

that the Council was already created as agreed upon with its members. Activities concerning the 

BBWMC are detailed in Annex 2.1.  
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4. LEGACY ACCOMPLISHMENTS OF THE 

BAWP 
 

4.1 Community-based rainfall data collection and analysis of local climate data and 

information  

Farmers need a reliable advisory on the onset of rainy season before they start land preparation and 

planting. Too much or too little water at any growth stage of the crop impacts crop production. 

However, rainfall varies temporally and spatially. The onset of a rainy season varies from one cropping 

season to another within a specific location. Rainfall amount on site may be far different from those 

recorded in weather stations located more than 25 km away due to varying environmental and 

geological conditions. Installation of weather instruments within farming communities helped farmers 

monitor the local amount of rainfall, providing the type of specific climate information they need. To 

address this issue, BAWP introduced community based data collection of weather data to complement 
the data available from PAGASA.  

Through the assistance of PAGASA, BAWP installed twenty rain gauges in fourteen selected sites in the 

Municipalities of Nabua and Buhi in Camarines Sur and Polangui in Albay. An additional automatic 

weather station (AWS) was also installed in Polangui since Nabua and Buhi already have one. The more 

weather instruments installed the wider is the range of information that is useful for farming activities. 

The Municipal Agriculture Office (MAO) identified farmer leaders and irrigators’ association members to 

be trained in rainfall data collection. The involvement of farmer leaders and irrigators’ association 
members in data collection is one of the key elements of engaging the farming community.  

Trained farmer leaders and irrigators’ association members who served as rainfall data collectors 

(RDCs) collected rainfall data in standard manual rain gauges while Agricultural extension workers 

(AEWs) manned the AWS. RDCs manually measured the amount of rainfall collected in rain gauges 

twice a day (8:00 a.m. and 2:00 p.m.). The accumulated rainfall amount represents the previous 24 

hours’ rainfall specific to the area. RDCs used cellular phones to communicate the data to the climate 

data processors (CDPs) of the project. Aside from transmission of data, RDCs recorded the rainfall data 

into the data sheets provided to them. CDPs then input the transmitted daily data by RDCs to 

computer for data banking. CDPs collected the data sheet monthly and cross-checked it with 

accumulated data they received from RDCs for validation. During their monthly meetings, RDCs 

discussed the amount and variability of rainfall for the previous month and provided cellular loads for 
RDCs. 

Local rainfall data collected by RDCs can be used by the communities for early warning and emergency 

response. Rainfall data can be used by flood-prone communities like Nabua in their community based 

flood early warning system.  
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Figure 22. RDC reading rainfall through meter stick collected from rain gauge 

 

Over the long term, weather data collected through rain gauges can be used by the communities to 

provide a more detailed characterization of the climatology of the area. Historical long-term weather 

data can be used to downscale national forecast to local levels. Local climate information can also be 

used as input in crop models to calibrate crop productivity.  Climate users like farmers can develop 

informed decisions utilizing climate information in overall agricultural management.  

Proper care and maintenance of the weather instruments as well as sustainability of data collection 

depends on the understanding and support coming from the community. BAWP facilitated the creation 

of Memorandum of Agreement (MOA) to secure the commitment of municipal and barangay local 

government unit for the continued operation and maintenance of rain gauges and automated weather 
stations, even after the project ends.  

Analysis of local climate data and information  

Understanding climate information through climate analysis is essential in preparing for the impact of 

climate variability to agricultural production systems. PAGASA provided technical assistance to the 

project by serving as resource persons to the training-workshops, assisting in installation of weather 

instruments, providing weather data as input to models and tools and analyzing weather data.  

During trainings and workshops, resource persons from PAGASA reiterated the importance of having 

multiple sources of locally based climate information that could help the weather bureau improve 

climate services to specific users. Resource persons from PAGASA discussed climate data processing 

and analysis of weather data generated from weather instruments installed by the project. PAGASA also 

encouraged the weather data collectors to share the collected data with them. The data from the AWS 

is actually shared with the PAGASA and become the basis for the Polangui micro climate forecast. This 
analysis is provided by the PAGASA to LGU Polangui and others,  
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When CDPs and climate data analyst (CDA) of the project processed the weather data collected from 

RDCs, they transmitted it to PAGASA, the KSPM and the MAO for information sharing, data banking 

and wider dissemination.  CDPs and CDA provided annual trend analysis and descriptive statistics of 

rainfall data provided by RDCs. Descriptive statistics like maximum, minimum, mean and total were used 

to analyze the amount of rainfall data gathered from the rain gauges of each station. To visualize the 

trend of rainfall, bar or line graphs were used to show the historical trend of the rainfall data for each 
rain gauge stations.  

Graphs below (Figures 23, 24 and 25) show the variability of rainfall in each barangay of the three 
municipalities.  

 

 
Figure 23. Total monthly mean amount of rainfall in selected barangays of Nabua, 

Camarines Sur from 2013-2016 

 

 

 
Figure 24. Total monthly mean amount of rainfall in selected barangays of Buhi, 

Camarines Sur from 2013-2016 
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Figure 25. Total monthly mean amount of rainfall in selected barangays of Polangui, Albay 

from 2013-2016 

 

The occurrence of tropical depressions, tropical storms and typhoons that made landfall in Bicol region 

brought heavy rainfall in the study sites and these were recorded by the RDCs. These recordings 

reinforce Bicol’s extreme vulnerability to natural hazards and in turn, directly impact rice production of 

farmers, as discussed in section 2.1. One of these typhoons that struck Bicol and brought heavy rainfall 

was Typhoon Ruby in December 2014, whose passage is clearly seen in the data (Figure 26).  

 

 
Figure 26. Total monthly mean amount of rainfall in Nabua and Buhi in Camarines Sur and 

Polangui in Albay and typhoons that made landfall in Bicol region from 2013-2016 
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month trend of historical rainfall covered by CLEA. RDCs can also make assessment about the rainfall 

intensity immediately after collecting the data. Light, moderate or heavy rainfall condition can be relayed 

by the RDCs to the communities based on the amount of rainfall collected in rain gauges. So far, the 

data collected by RDCs can only be used to characterize the climatology and assess the current weather 
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condition. In the long run, it can be used to make downscaled climate forecast specific to the area, once 

enough years of data have been collected. 

 

4.2 The Seasonal Climate Forecast and Extension Advisory (CLEA)  

The CLEA is tailored to the local situation needs to enable farmers to minimize the effects of climate 

risks while maximizing opportunities of favorable weather conditions within their farming communities. 

It is an easy-to-read reference to help farmers adapt to “new normal” rainfall patterns. As a decision 

support tool, CLEA aids in integrating climate information in agricultural decisions as experienced in 

Bicol. It helps farmers improve strategic decision making in agricultural management to minimize losses 

and maximize yields. 

Creation of CLEA starts from data collection/generation from different sources as discussed in Section 

2.4.4. Rainfall data at barangay level are collected locally through the RDCs from the rain gauges installed 

by the project. The accumulated rainfall data are presented graphically to the CLEA to show the trend 

and variation of the rainfall amount for each month and barangay. The AWS can also be source of other 

weather parameters such as rainfall, humidity, solar radiation and wind direction. These data are 

consolidated and uploaded through the Knowledge Sharing Portal and Maproom (KSPM) website 

(https://iridl.ldeo.columbia.edu/maproom/Water/BAWKP/index.html). Over the long run, these data can 
be used to generate the localized forecast specifically for the area’s influence of weather instruments. 

For the meantime, long-term (30 years) historical weather data such as daily minimum and maximum 

temperature and rainfall are requested from PAGASA. These data are used as input to crop simulation 

model. PAGASA also provides the seasonal climate forecast of the likelihood of occurrence for rainfall 

over the next six months in the climate outlook. Rainfall conditions are expressed in per cent of normal 
interpretation for monthly rainfall in four most likely categories. 

Every cropping season, BAWP publishes the CLEA for the study municipalities. The innovation was 

formally introduced to some farmers in September 2015 in a Roundtable Discussion attended by partner 

agencies and farmer leaders.  The CLEA was first mass circulated during the 2016 wet season. To know 

and understand the benefits of CLEA, farmers’ meetings are organized every month, to discuss updates, 

the extension advisories and good agricultural practice options (GPOs) recommended by the respective 

Municipal Agricultural Offices and DA-RFO 5 (Figure 27). This motivated farmers to adopt CLEA and 

benefit from it.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 27. Presentation of CLEA to farmers 

https://iridl.ldeo.columbia.edu/maproom/Water/BAWKP/index.html
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It was also in these meetings where BAWP got positive feedback that the CLEA has become the basis 

for their current practices.  These were based from farmers’ recorded reports containing details about 

the adopted decision tool and revealing their production performance. 

Overall, the CLEA had been successfully distributed to 1,600 farmers who attended the farmer’s 

meetings and events conducted by BAWP on the first season alone. BAWP also received invitations to 

present the CLEA. There were many requests that in fact, most of the farmers (78%) who were 

provided with CLEA came from outside the project.  From piloting the seasonal CLEA among 316 

farmers in three municipalities, BAWP worked to bring CLEA to more farmers.  At the municipal level, 

the project motivated its farmer-beneficiaries to reach out to more farmers (more than 2,000 farmers) 

by sharing copies of the CLEA and airing through a radio program.  The project partnered with 

provincial governments to hold a forum with 1,000 farmers in attendance where CLEA was introduced. 

These farmers are able to appreciate weather forecasts that can guide them in their crop choice and 
farm management decisions. 

The local government units had an integral role in initiating and disseminating CLEA since its conception. 

Their involvement contributed to the success of CLEA and for the Bicol farmers to be able to use the 

decision tool as a guide for their farm decision-making. Reinforcing their positive feedback from this 
tool, a call for legitimizing this practice was needed to ensure that this new practice be sustained. 

The three municipal governments appreciated the CLEA since its first launching and had since then 
committed to support the dissemination of the advisory.  

Since the beginning, the creation of CLEA had always been done hand-on-hand with the target 

municipalities. Local climate workshop, roundtable discussions and consultation/partners meetings were 

conducted to fully localize and integrate CLEA within the target sites. These have been implemented 
successfully with all partner agencies and institutions aptly represented during the said events. 

In one of the launching, the El Niño Advisory was also discussed to inform the stakeholders of the 

possible effect of this hazard. This was because the Bicol Region experienced 2015-2016 extreme 
weather events of consecutive El Nino (ENSO) and La Nina, consecutively.  

The MAO takes the lead role in the preparation and distribution of the CLEA. The CLEA will be issued 

bi-annually to farmers and other agricultural stakeholders before the wet and dry cropping seasons. The 

MAO shall be in charge of the upkeep of rain gauges and management of local rainfall data. It shall link 

with PAGASA in the generation of observed climate and rainfall forecasts; and through providing 

climate-related information for the development of the CLEA such as daily observed temperature, 

rainfall, and solar radiation; and climate forecast.  In consultation with the DA RFO 5, the MAO will 

determine the GPOs to be recommended in the CLEA, such as irrigation water and fertilizer 
management for rice in various planting stages under different rainfall forecast conditions. 

State University and Colleges (SUCs) such as CBSUA and BUCAF play an important role in the 

sustainability of CLEA.  They will process data including the climate information obtained from PAGASA 

and agricultural conditions and other inputs from DARFO 5 and MLGU using CAMDT. SUCs will also 

analyze the results from the model including the potential and attainable yields and send it to the MLGU 

for the preparation of the CLEA.  The SUCs have also enhanced the skills of agricultural extension 

workers on agriculture production in general and on weather modeling and decision support tools in 

particular.  In addition, this helped chart new and better modalities in the conduct of extension work. 

The CLEA will be distributed to the barangays through the ATs through venues like CFS, Climate 
Forum, and others. 
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4.3 Improved municipal level governance for risk resilient communities  

 

Legislative support through municipal ordinances 

BAWP not only aims at introducing appropriate technologies for climate change adaptation but also at 

ensuring supporting legislative measures are in place for their continuous uptake.  With the knowledge 

on policy formulation from the policy analysis training and technical assistance of BAWP staff, LGUs got 
assistance in the crafting of resolutions and ordinances to institutionalize some BAWP activities.    

BAWP worked closely with each municipality’s Committee on Agriculture and/or Environment 

Chairperson who authored the local ordinances. Key officials from partner agencies also expressed their 

commitment through Memoranda of Agreements (MOA) to implement the activities. The CFS and the 
CLEA were institutionalized through passing of ordinances (Figure 28), and signing of MOA. 

The three municipalities of Nabua, Buhi and Polangui institutionalized the CFS and the CLEA in 2015 and 

2017, respectively. Prior to the CLEA ordinance in Nabua, their Sangguniang Bayan also issued 

Resolution No. 040-09-2016 adopting and promoting the CLEA. LGU Nabua’s commitment to 

continuously implement the technology is exemplified by programming BAWP activities in their 
investment plans while also enacting supporting legislative measures.  

Approving the ordinances secured LGU investment and prioritization of the programs by determining  

Figure 28. Climate Field School ordinance in Buhi, Camarines Sur approved  

on August 17, 2015 
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funding appropriation and sources. Furthermore, the ordinances as a form of local law transcend 

political administrations, its effectivity intact from one term to another. For programs that require 

commitment other than of the municipal LGU (e.g., the production of the CLEA), the ordinance alone as 

policy support will not be enough to ensure continuous conduct. The LGUs through their MAOs must 

work in partnership with local barangays, PAGASA, DARFO 5 and the CBSUA or the Bicol University 

(BU). Forging a MOA assures support to the LGU in implementing the program and also strengthens 

partnerships. 
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5. SUMMARY OF LESSONS LEARNED  

There are several lessons learned as the BAWP story and experience unfolded. The ultimate lesson is 

that the three pillars of science, technology and governance should be present in the aim of improving 

and sustaining climate resiliency of farm communities. Capacity building and partnerships are the building 

blocks for this kind of initiative. BAWP used the multi-scale approach in pursuing its activities. The 

following summarizes the lessons learned at multi scale levels. 

At the community level, farmers appreciate scientific information. This has now replaced their 

indigenous knowledge which was not working with the climate change challenge. CFS was an effective 

way of bringing adaptation technologies to farmers. However, just as in the Farmer Field School, this 

mechanism is expensive. During our conduct of the CFS, the villagers leveraged the cost of snacks and 

venue. The DA RFO5 provided for the technologies for free. The project funds were used for the 

supplies, payments for the resource persons, preparation of the CFS modules, and if needed, 

transportation expenses of farmers especially during study tours.  The municipal government provided 

funds for the field day and also some leveraging funds during graduation. It also paid salaries of the 
facilitators who are the extension workers employed by the municipal LGU. 

Indeed, the municipal local government is the driver for the sustainability of the 

interventions that make communities risk resilient. The project trained the agricultural 

extension officers to level up to deliver climate information and climate forecast to the farmers. There is 

also recognition that one of the skills of the agricultural technicians at this time is the knowledge about 

climate forecast and how to tailor extension recommendations. Having one BAWP staff assigned in the 

MAO office was instrumental in the skills development of the other MAO staff to prepare the CLEA. In 

Polangui, one MAO staff was able to embrace all the skills of our BAWP climate data processor. In 

Nabua, there are highly skilled MAO personnel who can do the job as well. In Buhi, one of the BAWP 

staff is now a regular employee in the MAO, so it is expected that BAWP activities be sustained. Aside 

from this skill, networking by the LGUs is also important for sustainability as well as to adapt to the new 

normal climatic trends. Partnerships with the academe, the DA and the PAGASA were promoted by the 

BAWP. But as institutions have their own culture and roles, it will take a committed set of partners to 

reform the system.  

Collaboration at the provincial level could not flourish. The BAWP wanted to get the seal of 

approval of the provincial LGUs, so it can assist in organizing the municipalities within the study 

watersheds to craft legal basis for the BAWP interventions. However, the project personnel was advised 

to work more closely with the existing watershed management councils; and whatever agreements will 

be made, the provincial legislature will support in terms of passing provincial ordinance. This was a 

promise made by the Environment Committee Chair of both provincial legislature of Albay and 

Camarines Sur. However, at the watershed level, while the agreements were proposed, there was no 

formal adoption yet by all stakeholders. The reason for the delay was the non-willingness to participate 

(i.e. Iriga City government in the Buhi-Barit watershed management council agreement) and the frequent 

changes in the holder of positions of government officials (as in the case of the Albay Tres Quinali A 

Watershed Management Council).  

The most positive response to the BAWP was by the Bicol Regional Development Council (RDC), then 

chaired by Gov. Joey Salceda. The RDC has recommended the expansion of the BAWP to the four 

other provinces in the region. The BAWP personnel in turn wrote a proposal to this effect, but with the 

current partner state universities of the BAWP as lead and to serve as big brother to the state 

universities in the expansion areas. This did not push through because the state university did not really 

push for the said proposal. Currently, the proposal was sent to the IFAD for possible funding as 
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proposed by the DA RFO5 and the UPLBFI. UPLBFI and the IRI partners also submitted proposal to the 
USAID PEER to deepen the activities in the original two provinces. 

Then Governor Salceda also suggested to the BAWP team to advocate for the inclusion in the 

internal operating budget (IOB) of all local governments a staff with data processing skills, 

following BAWP’s model. In response, the team suggested this to the study municipalities in one of 

the RTDs. Polangui and Buhi have now a staff with this qualification; Nabua has UPLB alumni who can 

also do the job. But making this a requirement at the level of the national DILG will be a challenge, 

though worth trying.  

The existence of multi-sectoral governing bodies at the Quinali A sub-watershed through 

the then ATQAWMC and the pursuance of creating the BBWMC were key steps to 

improve sub-watershed and therefore water resources management. However, the 

collaborative nature of these governing bodies also renders them vulnerable to constraints and delays 

due to overlaps and lags in inter-organizational bureaucracies and priorities internal and external to the 

institutions. But these difficulties can be overcome with careful timing of activities, strong 

communication lines and active stakeholder engagement.  
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6. WAY FORWARD: CHALLENGES FOR 

SUSTAINABILITY OF INTERVENTIONS  
This project proved that adaptation technologies done at the right time helped reduce climate risks, 

increase farmer incomes during normal times; and minimize economic losses during extreme climate 

events. Proper water management had a major role in minimizing these losses. Government can actually 

give out incentives so poor farmers especially in the most vulnerable areas can have access to these 

small irrigation technologies. Right timing also implies availability of a reliable climate forecast. This 

guided the farmers on when to plant, what variety and what crop, and when to harvest. These are the 

major decision points of any farmer. Focusing on the farmers and his community, how then can 

sustainability of BAWP interventions be promoted? Following are the recommendations as borne by the 

BAWP study.  

 

6.1 Introduce reforms in the agriculture sector to various stakeholders  

 

In these times of climate change and variability, the agricultural sector should go beyond their usual 

mandate of just promoting technologies. The climate change affects the agricultural sector 

significantly through water insecurity. Water sector consists of multiple agencies and so there must 

be greater coordination among these agencies for better water resource allocation. DA needs to 

work closely with the PAGASA, with the DPWH and with the other water agencies to ensure 

water in agriculture when needed. Provision of small scale irrigation system was proven to increase 

yields. But both surface water and groundwater are managed by other government agencies, 

therefore there has to be convergence in these efforts for agriculture to meet its food security 
mandate. 

 

6.2 Conduct further research and commercialize technologies proven effective 

 

The BAWP has started integrating the pest model in the CAMDT, but this has still to be worked on 

further in terms of research and applications. International research organizations can be tapped to 

partner with the local SUCs to conduct local specific studies. The other topic worth exploring is a 

study on the water requirements of the crops. The data analysis from the study can be an input into 
crop insurance products.    

In terms of development challenges, government needs to commercialize the rice varieties for 

drought and floods.  The access to these climate change resistant seeds will be important. If this will 

be available in a commercial scale, then this adaptation technology can go a long way in helping 

farmers cope. Along this line, the participation of the government seed production facilities and 

accredited seed growers in the locality will be of utmost importance. Breeder, foundation or 

registered seeds from international and/or national seed breeding and production centers must be 

made available for use by the local seed growers as parentals.    

     

6.3 Incentivize activities of project partners in Bicol beyond project life.                       

 

Several local activities can be continued with proper incentives. These are discussed below:   

  

a) Continue local support to sustain interest and enhance sense of ownership of Farmers' Organizations to 
adopt and practice the project’s interventions/innovations 
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Beyond the project life, innovations introduced and adopted by the Project can only be 

sustained if the Farmers' Organizations have developed a sense of ownership for these 

interventions. After five years of the project implementation, the farmers may have already been 

become aware of, and experienced the benefits they can derive from the innovations but 

economic incapacity and lack of confidence to continually adopt may force them to return back 

to conventional practices.  Thus, continued technical and logistical support and assistance from 

the LGUs, NGAs, SUCs and other stakeholders need to still be felt by the farmers until such 

time that the resilient practices become their way of life.  

 

b) Build the awareness of barangay councils to ensure continuing support for rain gauge data collection and 
analysis  

This responsibility is with the barangay level government. However, there may be a need to 

build awareness of the barangay council to be able to draft a resolution to maintain this. This 

activity needs to have a continuing access to the cell phone and the load for transmission to the 

municipal LGU. In Polangui, the Municipal Agricultural Officer already trained a person to 

process the data that is being transmitted from the rain gauges by the farmers. It is hoped the 

two other municipalities will follow this practice of training a staff to handle climate data and 

access PAGASA information for dissemination to farmers.  

 

c) Build strong and supportive governance mechanisms to encourage LGUs to invest in adaptation tools and 

technologies  

Strong and supportive governance mechanism is of utmost importance particularly along 

strengthening capacities of the LGUs to generate funds for the CLEA and the CFS. There is a 

need to train the ATs to develop proposals and to tap the municipal budget for their needs, 

such as the implementation of the CFS and the production of the CLEA. According to the ATs, 

an ordinance is a necessary but not a sufficient condition for release of funds. The Sangguniang 

Bayan should fully support this and there must be workable guidelines on how these are 

implemented.  

 

Sensitization of local government officials on the need to manage water will contribute to their 

interest to invest and continue the program. Local governments can harness disaster 

preparedness teams to implement flood management strategies introduced by the program in 

their areas of jurisdiction. They can also fund the maintenance of the weather station that was 

installed and support the agricultural extension in the provision of climate advisory and the 

corresponding crop based decisions. 

 
d) Institutionalize the partnership among various sectors in support of CLEA. 

The national DA has started to empower farmers through the provision of the climate 

information. However, climate information system (CIS) for agriculture needs to be 

institutionalised and the DA regional office will be the strategic place to do so. The regional 

offices of government should cooperate more in the provision of the CIS. 

 

Genuine efforts of developing a climate risk resilient community should be supported by strong 

partnerships. There is a need to formalize this partnership through maybe a memorandum of 

agreement amongst partners. This includes the DA, the PAGASA and the academe. Building 

partnerships with other local organizations, including the private sector such as the 

communication networks will be helpful in harnessing not only institutional support but also 

financial resources.  



 Bicol Agri-Water Project FINAL REPORT (Oct. 1, 2012 – Dec. 31, 2017)| 51 

  

7. FINANCIAL REPORT 
Table 15 summarizes the financial status of the Project as of May 31, 2018. The project has returned the 

remaining balance amounted to Php102,104.31 to USAID. Actual cost share of the project exceeded the 

allotted 10% of the total budget cost share of the project amounting to Php1,245,155. Hence, the total 

project cost/cumulative expenditure exceeded the total approved budget by Php1,143,050.69 at the end 

of the life of the project. Total project cost includes total cost and cost share.  

Table 15. Financial status (Php) of the project as of May 31, 2018 

Object Class 

Categories 

 Original 

Budget  

[1] 

Incremental 

Budget 

[2] 

Total 

Approved 

Budget 

[3=1+2] 

Cumulative 

Expenditure 

through May 

31, 2018 

[4] 

Balance* 

[5=3-4] 

Program Costs 

and Other 

Direct Costs 

     

49,036,347.00  

    

3,345,595.46  

    

52,381,942.46  
   53,791,724.84  

   

(1,409,782.38) 

Personnel 

     

19,328,755.37  

    

1,072,990.44  

    

20,401,745.81     19,782,067.82           619,677.99  

Fringe Benefits 

        

1,913,265.00  

        

131,650.77  

      

2,044,915.77       2,274,736.96  

       

(229,821.19) 

Travel 

        

4,093,117.00  

        

115,000.00  

      

4,208,117.00       4,392,553.73  

       

(184,436.73) 

Other Direct 

Costs 

        

3,202,346.00  

        

807,166.00  

      

4,009,512.00       4,173,857.69  

       

(164,345.69) 

Indirect Cost (IRI) 

     

20,498,863.63  

    

1,218,788.25  

    

21,717,651.88     23,168,508.64     (1,450,856.76) 

Equipment and 

Supplies 

        

7,123,709.00  

    

1,303,500.00  

      

8,427,209.00       8,642,853.98  

       

(215,644.98) 

Equipment 

        

3,205,995.00  

        

398,500.00  

      

3,604,495.00       3,408,553.58           195,941.42  

Supplies 

        

3,917,714.00  

        

905,000.00  

      

4,822,714.00       5,234,300.40  

       

(411,586.40) 

Contractual 

        

4,827,444.00  

        

921,719.77  

      

5,749,163.77       4,088,186.46  

     

1,660,977.31  

Construction 

           

512,500.00    

          

512,500.00           445,945.64  

           

66,554.36  

Total Cost 

     

61,500,000.00  

    

5,570,815.23  

    

67,070,815.23     66,968,710.92  

         

102,104.31*  

Cost Share     

      

6,678,900.00       7,924,055.00  

   

(1,245,155.00)* 

Total Project 

Cost     

    

73,749,715.23     74,892,765.92  

   

(1,143,050.69)* 

*Balance=Total Approved Budget less Cumulative Expenditure 
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8. BAWP PERSONNEL 

BAWP Staff and Partners 

 

BAWP team with representatives from USAID and APEC Climate Center during the Turn Over Ceremony of 

Models and Tools for Water and Agriculture on March 17, 2017 

 

 

BAWP team with partners from Polangui, Albay during the Launching of the CLEA on September 22, 2015 



 Bicol Agri-Water Project FINAL REPORT (Oct. 1, 2012 – Dec. 31, 2017)| 53 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 29. BAWP Functional Chart Years 1-5

UPLBFI President Fernando C. Sanchez, Jr. and Board of Trustees 

UPLBFI Director: Casiano S. Abrigo Jr. 

Project Development Officer: Rolando P. Orosco 
UPLBFI Administrative Services: Marilou C. Atanante 

Account Specialist: Mary Jane Licardo 

PROJECT MANAGEMENT OFFICE (PMO) 

 Project Director: Agnes C. Rola 

 Project Associate for Project Management: Mary Jane Rabang (Oct. 2012-Mar.2013); Francis John Fadergoao (April 2013-Oct. 2017) 

 Project Associate for Field Operations: Kae Perlas (Dec. 2012-Oct.2015); Edlynne Kaith Ravago (Nov. 2015-Dec. 2018) 

 Administrative Assistant II: Kristine Jayne Eusebio (Oct. 2012-Aug.2013); Hazell C. Caliwagan (Oct. 2013-Dec. 2018) 

 

OUTCOME 1: Capacities of farmers to adapt to climate 

variability and change enhanced (DA-RFO5) 

 Co-Project Director, Bicol and PI: Elena B. De Los Santos 

 Project Assistant, Bicol, and for Nabua, Camarines Sur: 

Marcial Bustarga (Dec. 2012-Aug. 2013); Sarah 

Pentecostes (May 2014-Apr. 2015); Kim Jonah Bolivar 

(Aug. 2015-Sept. 2017) 

 Administrative Assistant I: Maricris Reforba (Dec. 2012-

Oct. 2015); Karren Belen (Nov. 2015-Dec. 2017) 

 

OUTCOME 2: Decision support tools adopted by farmers and other 

stakeholders (IRI-CU) (all Part-time) 

 PI: Amor Ines (Years 1-3); Eunjin Han (Years 4-5) 

 Co-PI: Bradfield Lyon (Years 1-5) Amor Ines (Years 4-5) 

 Research Scientists: Andrew Robertson and Shiv Someshwar 

(Years 1-5) 

Staff Associates: Erica Allis (Years 1-3) and Remi Cousin (Years 1-5)  

 Research Assistant and Graduate Research Assistant 

 

OUTCOME 3: Climate risk resilient water governance 

promoted (UPLB)  

 Policy and Institutions Specialist and PI: Dulce D. 

Elazegui 

 M and E and Gender Specialist Co-PI: Merlyne M. 

Paunlagui 

 Training Associate: Catherine Punzalan (Oct. 

2012-Dec. 2015); Chrislyn Joanna Faulmino 

(Feb. 2016-Dec. 2018) 

 Resource Persons/ Facilitators 

Farm Level Monitoring and 

Documentation (Cam Sur) 

 Social Scientist and Gender 

Specialist: Cely S. Binoya 

 Governance Specialist (CBSUA) 

(Part-time): Arthur B. Estrella 

 Project Assistant , Buhi: Annalyn 

O. Agua 

 Resource Persons/ Facilitators 

 

Farm Level Monitoring and 

Documentation (Albay)  

 Upland Agriculture Specialist and co-PI 

(BUCAF): Antonio P. Payonga 

 Project Assistant, Polangui: Sarrah D. 

Sambajon 

 Resource Persons/ Facilitators  

Climate Forecasting and Agricultural Advisory Services (DA-RFO 5) 

 Climate Data Analyst: Wilfred Papaya (Jun. 2013-Jul.. 2014);Michelle Maligang 

(Oct. 2014-Oct. 2015); Vina Angelina Peñaserada (Nov. 2015-Sept. 2017) 

 Extension Specialist and co-PI (Part-time): Rodel Tornilla 

 Weather Forecasters (PAGASA): Anthony Joseph Lucero and Landrico Dalida Jr. 

 Resource Persons 

Climate Data Processing (Albay Agriculture Office) 

 Climate Data Processor:  
Mary Angeline Napay (Jan. 2013-Aug. 2014); 

Edeliza Polo (Aug. 2014-Sept. 2017) 

 Resource Persons 

Climate Data Processing (Cam Sur Agriculture Office) 

 Climate Data Processor: 

 Angelito Philip Ignao (Jan. 2013-Aug. 2014); 
Felix Castañeda (Nov. 2015-Jul. 2017) 

 

Rainfall Data Collection at Polangui 

 Resource Persons 

 Farmers Association/ Irrigator’s Association 

Rainfall Data Collection at Nabua and Buhi 

 Resource Persons 

 Irrigator’s Association 
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10. APPENDICES 
Appendix Table 1.  Methodology for data collection of BAWP indicators. 

Indicator Unit of 

Measurement 

Method of Data Collection 

1.Percent reduction 

in rice production 

losses in Albay and 

Camarines Sur 

Percentage Baseline data on crop production and losses due to climate 

extremes is from the DA Regional Field Office (DA-RFO 5). 

The Project will collect data on crop production and losses 

due to climate extremes every year from secondary sources. 

Annual average crop damages will be compared during the 

period 2012-2017; and the baseline data of 2006-2011 to 

determine percent losses in damages. 

2.Percent reduction 

in rice production 

losses in Buhi and 

Nabua, Camarines 

Sur and Polangui, 

Albay 

Percentage Baseline data on crop production and losses due to climate 

extremes will be based on secondary data as well as primary 

data from farmer-beneficiaries. The Project will then collect 

data on crop production and losses due to climate extremes at 

the end on the project through secondary and primary data 

gathering. Annual average crop damages will be compared to 

determine percent losses in damages. 

3.Number of 

Stakeholders with 

increased capacity to 

adapt to the impact 

of climate variability 

and change as a 

result of USG 

assistance 

Number of 

stakeholders, 

by type 

Attendance being generated during training proper; provided 

by field staff to UPLBFI. Certificate of participation is provided 

to every participant. To safeguard the integrity of the data 

collected, the field staffs are required to submit training 

documents including attendance sheets at most one month 

after the training. Monitoring of the actions of the 

stakeholders groups will also be done annually on whether 

they implement risk-reducing practices/ actions to improve 

resilience to climate change; and if they are using climate 

information in decision making. 

4.Number of climate 

change adaptation 

tools, techniques, 

and methodologies 

developed, tested or 

adopted 

Number of 

climate change 

adaptation 

tools, 

techniques and 

methodologies 

Data on each instrument will be recorded with description of 

each technology and site including photo-documentation. The 

instruments will be regularly monitored with accompanying 

reports on their status.  Reports with description of each 

tools, technology and demonstration site including photo-

documentation verifiable through credible sources. USAID 

representative will be invited for a field visit to see the 

demonstration sites. 

5.Number of person 

hours completed in 

GCC Adaptation 

Number of 

hours of 

participants’ 

Data will be taken from the graduates of the Climate Field 

Schools (CFS) on the adoption of risk-reducing 

practices/actions. The partner academic institutions (CBSUA 
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training supported 

by USG assistance 

training, by 

gender of 

participants 

and BUCAF) will monitor changes in farmer behaviour 

through the seasons, using a monitoring form that tracks the 

technologies introduced in the CFS. There is going to be a 

checklist of farmers who adopt the adaptation strategies.  

Semestral monitoring of selected graduates by the Project 

Management will be done and DA-RFO 5 will confirm data 

from Agricultural Extension Workers (AEWs). Survey results 

will be available. 

6.Number of 

farmers adopting 

CRM techniques 

Number of 

individuals 

Data will be taken from the graduates of the Climate Field 

Schools (CFS) on the adoption of risk-reducing 

practices/actions. The partner academic institutions (CBSUA 

and BUCAF) will monitor changes in farmer behaviour 

through the seasons, using a monitoring form that tracks the 

technologies introduced in the CFS. There is going to be a 

checklist of farmers who adopt the adaptation strategies.  

Semestral monitoring of selected graduates by the Project 

Management will be done and DA-RFO 5 will confirm data 

from Agricultural Extension Workers (AEWs). Survey results 

will be available. 

7.Number of 

farmers trained on 

CCA for agriculture 

Number of 

individuals 

Participation in lecture sessions and hands-on exercises will be 

documented and monitored in coordination with the municipal 

AEWs. End of the season monitoring will be done by the 

partners from the CBSUA and the BUCAF, in response to the 

lecture topics during the CFS. Photo-documentation of 

sessions and attendance sheets that show lists of CFS 

participants by day, gender and training subject/topic verifiable 

through credible data source. USAID representative will be 

invited to attend lecture session/s and/or hands-on exercise/s. 

8.Number of 

agricultural 

technologies 

demonstrated-for 

internal project 

monitoring 

Number of 

technologies 

Each technology demonstration will be documented with 

description of each technology and demonstration site 

including photo-documentation, process of establishment and 

monitoring, and outputs of the techno-demo. Reports with 

description of each technology and demonstration site 

including photo-documentation verifiable through credible 

sources. USAID representative will be invited for a field visit 

to see the demonstration sites. 

9.Number of small 

scale irrigation 

systems (SSIS) 

established-for 

internal project 

Number of 

small scale 

irrigation 

systems 

Data of each small-scale irrigation system will be recorded 

with description of each technology including photo-

documentation. The SSIS will be regularly monitored with 

accompanying reports on its status. Reports with description 

of each small-scale irrigation systems including photo-
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monitoring documentation verifiable through credible sources. USAID 

representative will be invited for a field visit to see the 

established small-scale irrigation systems. 

10.Number of 

farmers and other 

stakeholders 

adopting decision 

support tools 

Number of 

individuals 

Data will be gathered regarding the number of people using 

the technologies introduced in the CFS and recommendations 

in the Seasonal Climate Outlook and Advisory to be put out 

by the project. Towards the end of project life, the minutes of 

the meeting of the sub-watershed councils as well as their 

management plans integrating the decision tools will also be a 

source of information. Semestral monitoring of selected 

graduates by the CBSUA and BUCAF will be done and DA-

RFO 5 will confirm data from AEWs. Watershed management 

plans will also be source of verification.   

11.Number of 

decision support 

tools developed-

standard indicator 

reported to the 

USAID 

Number of 

decision 

support tools 

Data on the knowledge sharing portals and decision support 

tools for water use and allocation developed, tested and/or 

adopted will be accounted with corresponding description and 

methodologies. Reports on the model will be available for 

verification. 

12.Number of 

weather data 

collection equipment 

established 

Number of 

weather data 

collection 

instruments 

Data on each instrument will be recorded with description of 

each technology and site including photo-documentation. The 

instruments will be regularly monitored with accompanying 

reports on their status. Reports with description of weather 

data collection instruments including photo-documentation 

will be available for verification. USAID representative will be 

invited for a field visit to see the established instruments. 

13.Number of 

seasonal climate 

forecast and 

extension advisory 

produced 

Number of 

seasonal 

climate outlook 

Data will be gathered regarding the frequency of publication of 

the Seasonal Climate Outlook and Advisory to be done by the 

provincial agricultural offices of Camarines Sur and Albay. 

Publication by the MAO in collaboration with PAO, DA-RFO 

5, and PAGASA. 

14.Number of IAs 

representatives 

trained on rainfall 

data collection 

Number of 

individuals 

Data will be taken from attendance sheet including photo-

documentation of the training program conducted. Monitoring 

of actions by the trained IA representatives on using climate 

information in decision making will be done annually. Such 

actions include utilizing climate forecast to inform planting 

decisions. Project reports including attendance records of IA 

representatives/farmers present in the training will be available 

for verification. Survey reports will be available. 
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15.Number of 

farmers provided 

with seasonal 

climate forecast and 

extension advisory 

Number of 

farmers 

provided with 

seasonal 

climate outlook 

and advisory 

Data will be collected using an Excel spreadsheet containing 

the issue number of the seasonal climate outlook and advisory 

services and the list of recipients of the material. Distribution 

lists of Seasonal Climate Outlook and Advisory will be 

available for verification. Survey results will be available. 

16.Number of LGU 

representatives 

trained in integrating 

climate information 

in agricultural 

decisions 

Number of 

individuals 

Data will be taken from attendance sheet including photo-

documentation of the various training programs conducted. 

Monitoring of responses by the LGU representatives will be 

done such as utilizing forecast to issue flood warnings, and 

implementing water demand management strategies in case of 

drought. Project reports including attendance records of LGU 

representatives present in each training will be available for 

verification. Survey reports will be available. 

17.Number of 

agricultural 

development plans 

integrating decision 

support tools 

Number of 

plans 

The agricultural development plans of the study sites are 

expected to integrate the CRM strategies and the decision 

support tools that were developed. Data will be collected with 

accompanying brief narrative about the various CRM strategies 

and the decision tools integrated in plans. Copies of plans will 

be available for verification. 

18.Number of 

institutions with 

improved water 

governance 

capacities to address 

climate change 

issues as a result of 

USG assistance 

Number of 

institutions 

Data will be taken from the minutes of meetings. Monitoring 

of institutional actions will be done in terms of using climate 

information in agricultural decision making, on implementing 

reduction campaign to promote risk reducing practices. 

Attendance sheet and minutes of meetings will be available for 

verification. Project reports will also be available. 

19.Number of LGU 

stakeholders and 

other partners with 

increased capacity 

for irrigation water 

policy analysis and 

advocacy 

Number of 

LGU 

stakeholders 

and partners 

Participation of municipal representatives, Quinale A and Buhi-

Barit sub-watershed representatives, provincial representatives 

and national government agencies in the RTDs will be 

documented and the attendance recorded in an Excel 

spreadsheet. Monitoring of the various stakeholders responses 

to the training programs, in terms of preparation of 

ordinances for climate risk resilient irrigation policies, such as 

implementing water saving strategies to deal with increasing 

water stress due to changing rainfall patterns. Project report 

including attendance sheet will be available for verification. 

Project management with USAID representative can attend 

RTD sessions. Project reports will be available. 
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20.Number of laws, 

policies, strategies, 

plans, or regulations 

addressing climate 

change adaptation 

officially proposed, 

adopted, or 

implemented as a 

result of USG 

assistance 

Number of 

ordinances and 

agreements 

Data will be collected using Excel spreadsheet with short 

narratives about each policy, law, agreement, resolution or 

ordinance proposed, adopted, or implemented. Copies of local 

ordinances and watershed agreements will be available for 

verification. 

 

 

Appendix Table 2. Damages to rice production caused by natural calamities in Bicol region, 

2013-2016. 

 

Production 

Loss from 

2013-2016 

(MT) 

Percent 

Damage Loss 

(2013-2016) 

[1] 

Baseline % 

Damage Loss 

(2006-2011) 

[2] 

Difference 

[3=1-2] 

Region 629,147.62    

Camarines Sur 468,857.72 74.52% 57% 17.52% 

Nabua 35,534.79 7.58% 12% -4.42% 

Buhi 11,976.10 2.55% 12% -9.45% 

Other 

Municipalities 
421,346.83 89.87%   

Albay 76,851.09 12.22% 20% -7.78% 

Polangui 9,642.41 12.55% 14% -1.45% 

Other 

Municipalities 
67,208.68 87.45%   

(Source of basic data: DARFO 5) 
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Appendix Table 3. Number of person hours completed in GCC Adaptation training supported by USG assistance 

(Indicator 5) 

GCC Adaptation Training  

2012-2013 2013-2014 2014-2015 2015-2016 2016-2017 Actual Target 

Actual Actual Actual Actual Actual 

M F M F M F M F M F M F M F 

Training on Rainfall Data Collection 
328 408 - - - - - - - - 328 408 

  

Re-echo Training on Rainfall Data 

Collection 104 136 - - - - - - - - 104 136 
  

Climate Field Schools (CFS) - - - - - - - - - - 0 0   

   -Nabua 7,296 6,624 4,704 7,488 944 1,716 1,480 1,652 784 1,012 15,208 18,492   

   -Buhi 7,200 7,488 5,472 8,832 1,284 2,092 1,080 1,168 852 1,008 15,888 20,588   

   -Polangui 1,728 2,304 12,000 15,264 696 1,392 565 947 596 1,148 15,585 21,055   

Training Workshop on :           0 0   

-Translating Hazard Calendar into 

Cropping Calendar 
64 82.5 - - - - - - - - 64 82.5 

  

-Flood and Drought Management 

Planning for Agriculture 351 195 - - - - - - - - 351 195 
  

-Policy Analysis for Watershed 

Management 759 322 - - - - - - - - 759 322 
  

-Participatory Policy Analysis for Lake 

Buhi Governance - - 96 54 - - - - - - 96 54 
  

-Using Climate Decision Support Tools 

in Agricultural Extension - - 360 240 - - - - - - 360 240 
  

-Agriculture Development Planning 

Integrating CRM 
- - 240 120 - - - - - - 240 120 

  

-Leadership and Capacity Building 

Training for Farmer-Leaders and 

Agricultural Technicians 

- - - - 540 380 - - - - 540 380 

  

-Launching of the Knowledge Sharing 

Portal 
- - - - 104 40 - - - - 104 40 

  

-Technical Workshop on Models and 

Tools for Water, Agriculture and 

Knowledge Sharing 
- - 456 48 260 60 336 216 352 320 1404 644 

  

-Coaching of Agricultural and 

Extension Workers for the use of 

DSSAT 

- - 64 140 - - - - - - 64 140 

  

-WEAP Re-echo training - - 56 80 - - - - - - 56 80   
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-Training on Automatic Weather 

Station Maintenance and Operations, 

Climate Data Processing, Analysis and 

Utilization 

- - 144 80 - - - - - - 144 80 

  

-Local Climate Workshop  for BAWP’s 

stakeholders and for the PAGASA 

Regional Services Division 5 

- - - - 264 88 - - - - 264 88 

  

Intensive Training-Workshop on 

Climate Agriculture Modeling Decision 

Tool 

- - - - - - 48 32 - - 48 32 

  

Intensive Training-Workshop on 

Water Evaluation and Planning System 
- - - - - - 128 64 - - 128 64 

  

Presentation of CLEA to MAO and 

Farmers 
- - - - - - 396 334 295 308 691 642 

  

Knowledge sharing during meetings 

with farmers and MAOs 
- - - - - - 83 94   83 94 

  

Training Workshop on the Preparation 

of Climate Forecast and Extension 

Advisory Integrating Climate-

Agriculture Modeling Decision Tool 

(CAMDT) 

- - - - - - - - 128 48 128 48 

  

MOA Signing Ceremony (Sustaining 

Rain Gauges’ Maintenance & 

Dissemination of Climate Outlook 

Advisories) 

- - - - - - - - - - 0 0 

  

   -Nabua - - - - 22 30 - - - - 22 30   

   -Buhi - - - - 24 24 - - - - 24 24   

   -Polangui - - - - 7 4.5 - - - - 7 4.5   

Climate-Agriculture Forum           0 0   

   -Nabua - - - - - - - - 140 92 140 92   

   -Buhi - - - - - - - - 108 96 108 96   

   -Polangui - - - - - - - - 192 80 192 80   

Rainfall Data Collector’s Day - - - - - - - - 176 224 176 224   

Farmer’s Summit           0 0   

   -Nabua - - - - - - - - 392 576 392 576   

   -Buhi - - - - - - - - 456 728 456 728   

   -Polangui - - - - - - - - 464 792 464 792   

   -Other Partner Agencies - - - - - - - - 264 184 264 184   

Technical Working Group Meetings:           0 0   

   -Albay Tres Quinali A Watershed 

Management Council 
- - - - 36 36 - - 45 39 81 75 
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   -Buhi-Barit Watershed - - - - 76 29 - - - - 76 29   

Roundtable Discussions            0 0   

   -Quinale A 60 8 64 24 104 48 32 28 - - 260 108   

   -Buhi-Barit 80 28 50 30   104 72 - - 234 130   

   -Polangui 48 24 55 25 68 24 52 16 - - 223 89   

   -Buhi 76 32 60 15 56 36 68 28 - - 260 111   

   -Nabua 48 48 55 70 52 40 44 20 - - 199 178   

   -National Level - - - - - - - - 60 55 60 55   

Total Person Hours  18,142 17,700 23,876 32,510 4,537 6,040 4,416 4,671 5,304 6,710 56,275 67,630 73,480 54,280 
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Appendix Table 4. Number of agricultural technologies demonstrated (Indicator 8) 

Municipality 
2012-

2013 

2013-

2014 
2014-

2015 
2015-

2016 
2016-

2017 
Actual Target 

Deviation 

(%) 

Flood 

Resistant  Rice 

Variety 

        

- Nabua 6 4 4   4 1 300 

Drought  

Tolerant Rice 

Variety 

        

- Buhi  7 9 4   4 1 300 

- Polangui 5 7 4   4 1 300 

SALT 

established  
        

- Polangui 1    1 2 1 100 

Integrated 

Farming 

System (IFS)  

        

- Polangui  4    4   

TOTAL 7 9   1 10 3 233.33 

 

 

Appendix Table 5. Number of small scale irrigation systems (SSIS) established (Indicator 9) 

Municipality 
2012-

2013 

2013-

2014 
2014-

2015 
2015-

2016 
2016-

2017 
Actual Target 

Deviation 

(%) 

SFR         

Polangui         

- La Medalla  1    1 1 0 

- Kinuartelan  1    1 1 0 

STW         

Buhi         

- Iraya 1     1 1 0 

Nabua         

- San Esteban 1     1 1 0 

- San Roque, 

Madawon 
1     1 1 0 

TOTAL 3 2    5 5 0 
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Appendix Table 6. Number of farmers and other stakeholders adopting decision support 

tools (Indicator 10)  

Municipality

/ Sub-

watershed 

2012-

2013 

2013-

2014 
2014-

2015 
2015-

2016 
2016-

2017 
Actual Target 

Deviation 

(%) 

M F M F M F M F M F M F M F M F 

CLEA 

Municipality                 

-Buhi       100 116 54 89 99 104 75 75 32 38.67 

-Nabua       98 114 53 68 96 128 30 30 220 326.67 

-Polangui       68 151 56 92 64 122 75 75 (14.67) 62.27 

TOTAL 
      266 381 163 249 259 354 180 180 43.89 96.67 

Decision 

Support 

Tools 

(CAMDT, 

WEAP, 

KSPM) 

24 8 49 57 13 3 14 9 19 14 23.8* 18.2*   23.8 18.2 

TOTAL 
24 8 49 57 13 3 14 9 19 14 23.8* 18.2*     

Sub-

Watershed  
                

-Buhi-Barit            1 1 0 

-Quinale A           1 1 0 

TOTAL           282.8 372.2 180 180 67.69 114.87 

*Average 

Appendix Table 7. Number of decision support tools developed (Indicator 11) 

Decision 

Support 

Tools 

2012-

2013 

2013-

2014 
2014-

2015 
2015-

2016 
2016-

2017 
Actual Target 

Deviation 

(%) 

Water 

Evaluation and 

Planning 

(WEAP) 

Model  

    2 2 2 0 

   Quinale A      1 1 1 0 

   Lake Buhi     1 1 1 0 

Knowledge 

Sharing Portal 
    1 1 1 0 

Seasonal 

Climate 

Forecast & 

Extension 

Advisory 

(CLEA)  

   3  3 1 200 

     Nabua    1  1   

     Buhi    1  1   

     Polangui    1  1   

Climate-    1  1 1 0 
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Agriculture 

Modeling 

Decision Tool 

(CAMDT) 

TOTAL     7 7 5 40 

 

Appendix Table 8. Number of weather data collection equipment established (Indicator 12) 

Type of 

rainfall data 

collection 

instrument 

2012-

2013 

2013-

2014 
2014-

2015 
2015-

2016 
2016-

2017 
Actual Target 

Deviation 

(%) 

Rain Gauges         

Buhi 7     7 7 0 

- Sagrada 2     2 2 0 

- Dela Fe 2     2 2 0 

- Iraya 1     1 1 0 

- Sta Cruz 1     1 1 0 

- Monte 

Calvario 
1     1 1 0 

Nabua 6     6 6 0 

- San Antonio 

Ogbon 
2     2 2 0 

- San Vicente-

Ogbon 
2     2 2 0 

- San Esteban 1     1 1 0 

- San Roque-

Madawon 
1     1 1 0 

Polangui 7     7 7 0 

- Balangibang 1     1 1 0 

- La Medalla 2     2 2 0 

- Pintor 1     1 1 0 

- Gamot 1     1 1 0 

- Kinuartelan 2     2 2 0 

Automatic 

weather 

Station 

1     1 1 0 

- La Medalla, 

Polangui 
1     1 1 0 

TOTAL 21     21 21 0 

 

Appendix Table 9. Number of IAs representatives trained on rainfall data collection 

(Indicator 14) 

Municipality 
2012-

2013 

2013-

2014 
2014-

2015 
2015-

2016 
2016-

2017 
Actual Target 

Deviation 

(%) 

Buhi 47     47 40 17.5 

Nabua 53     53 30 76.67 

Polangui 23     23 30 (23.33) 

TOTAL 123     123 100 23 
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Appendix Table 10. Number of agricultural development plans integrating decision 

support tools (Indicator 17) 

Municipality 
2012-

2013 

2013-

2014 

2014-

2015 

2015-

2016 

2016-

2017 
Actual Target 

Deviation 

(%) 

Buhi 0 0 0 0 2 1 1 100 

Nabua 0 0 0 0 1 1 1 0 

Polangui 0 0 0 0 0 0 1 (100) 

TOTAL 0 0 0 0 3 3 3 0 

 

Appendix Table 11. Number of institutions with improved water governance capacities to 

address climate change issues as a result of USG assistance (Indicator 18) 

Institutions 
2012-

2013 

2013-

2014 

2014-

2015 

2015-

2016 

2016-

2017 
Actual Target 

Deviation 

(%) 

Sub-Watershed 

Lake Buhi-Barit 1 1 1 1 1 1 1 0 

Quinale A  1 1 1 1 1 1 1 0 

Municipal 

-Buhi 1 1 1 1 1 1 1 0 

-Nabua 1 1 1 1 1 1 1 0 

-Polangui 1 1 1 1 1 1 1 0 

Provincial 

-Albay 1 1 1 1 1 1 1 0 

-Camarines Sur 1 1 1 1 1 1 1 0 

Regional 

Institutions and 

Academe(DARF

O5, CBSUA, 

BUCAF) 

3 3 3 3 3 3 3 0 

TOTAL 10 10 10 10 10 10 10 0 
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1. Introduction 

 

The Bicol River Basin (BRB) is one of the largest river basins and the main source 

of water for the dependent human population and other environmental services in the 

eastern Philippines. Lake Buhi is located in the BRB, collects water from the Buhi 

catchment and provides water for domestic consumption, hydro-power generation, 

agriculture and fisheries in this region (Illo, 1977). Thus, food, water and energy security 

mainly depends on water availability for domestic use, hydro-power generation, crop 

production and fisheries. Interesting thing to note about the water use form this lake is 

that, the amount of water used for power generation subsequently supplied to irrigation.  

In the early 1970s, this region was identified as one of poorest regions in terms of socio-

economic conditions of living and thus, a BRB development program was initiated. One 

of the main focuses under this program was to improve rice production thorough 

integrated water resources management (Koppel, 1987). Moreover, the lake was popular 

for one of the world's smallest commercially important endemic fish species i.e. Sinarapan 

(Mistichthys luzonensis), nevertheless, introduction of tilapia and freshwater shrimp culture 

significantly reduced the endemic fish population (Guerrero, 1991). Zafaralla (1991) 

noted the competition between irrigation water supply and water level requirement for 

fisheries as this lake is fairly shallower and irrigation tends to reduce the lake water level 

substantially. It highlights the importance of water security for the socio-economic 

development and livelihood support of the people in the BRB.  

Increasing climate change and variability already impacted the amount of precipitation and 

its seasonal distribution around the world (Easterling et al., 2000), In fact, water 

availability often determined by changing weather patterns and long-term climatic 

conditions. This region is vulnerable to changing climate and extreme weather events 

such as tropical cyclones, floods and extended droughts according to Elazegui et al. 

(2016). Moreover, ENSO weather phenomenon generally intensifies the dry spells in the 

area (Lyon and Camargo, 2009) which often leads to significant percentages of yield loss 

in rice, a key crop in the region. Nonetheless, increasing population and associated socio-

economic developments would drive the demand for food and water (Fereres et al., 

2011). Hence, food security and water security are always strongly interconnected and 

difficult to compromise each other. These conditions significantly affect the capacities of 
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water managers to make appropriate decisions such as how much water available to each 

users in the watershed, how water can be shared based on priority and equity, how to 

manage excess water (flood management) and how management decisions can be altered 

for the sustainable water use. Further, water availability information is essential to 

farmers and fishing communities to alter their livelihood activities based on available 

water.  

For an example, National Irrigation Administration (NIA) is the mandating organization 

for irrigation management of Lake Buhi. NIA prepares sectoral water distribution plans, 

cropping calendars for both wet and dry seasons and areas need to irrigated with the 

schedule of date and time of water release from the lake. This information is transferred 

to irrigation associations to guide farmers and other stakeholders to decide on planting 

dates, planting targets and extent can be irrigated for a coming season (Elazegui et al., 

2016). In lake Buhi, there is always a complication in water allocation for irrigation/power 

generation because certain water level is required for fisheries. Hence, the municipal 

government often imposes certain water level restrictions on water supply to sustain fish 

population and dependent livelihoods.            

As water management is strongly linked to climate variability and change, policy makers 

and water managers have the responsibility to formulate and implement adaptation 

strategies and inform the water users accordingly (Lengoasa, 2016), accounting both 

seasonal water availability variations and long-term changes in water availability. This is an 

essential step towards disaster risk reduction and climate change adaptation. In this 

regard, climate and hydrological modeling tools can assist and support in appropriate 

decision making to develop the adaptation strategies. Furthermore, these decision 

support tools will guide to anticipate and respond to water security risks and enhance 

the system resilience to the changes in seasonal weather and climate (Winter et al., 2017, 

Hansen et al., 2007 and Rosenzweig et al., 2004). Thus, the overall objective of this Bicol 

Agri-Water Project (BAWP) was to improve the decision making capability for integrated 

water resources management, particularly in Buhi-Barit and Quinali A watersheds 

through integration of climate information into agriculture and water resources 

management. A modeling approach was employed to accomplish the objectives of the 

BAWP.  
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Water Evaluation and Planning (WEAP) is a hydrological modeling software working 

based on the principle of water balance. It uses both climate and hydrological data to 

simulate the water demand, priority-based water allocations, flows, storage, pollution 

generation, treatment and discharge within the particular watershed (Yates et al., 2005). 

It can be used to evaluate full range of water management and development options 

while taking account of multiple and competing water users in the system. Moreover, in 

many of the previous studies, scientist overwhelmingly expressed WEAP as a 

comprehensive, flexible and user-friendly interface that can be used for water resource 

planning, management, strategic assessments and policy analysis, with an applicability to 

even for complex water systems (Gao et al., 2017; Forni et al., 2016; Li et al., 2015; 

McCartney and Arranz, 2007). Therefore, it will be a valuable tool to establish efficient 

water allocation and water use decisions especially under seasonal climate forecast and 

projected climate change scenarios. 

In this study, we developed a WEAP model to Lake Buhi in the Buhi-Barit watershed to 

represent its local conditions and then used that model to estimate the water demands 

and supply capacities under 1) climate change scenarios and 2) seasonal climate forecast 

which were developed for this particular region. Later, in a small case study, we present a 

WEAP model for the Quinali A watershed to observe the water management options 

under some proposed and projected scenarios. 

2. Materials and Methods 

2.1 Study area 

 

The study mainly focused in Lake Buhi in the Buhi-Barit watershed located within 

the BRB. The area consists of the Buhi municipality and parts of Sangay and Iriga city of 

the Province of Camarines Sur. (Fig 1). The extent of Lake Buhi watershed is 15,511 ha, 

with the used surface area of the lake of 1,800 ha. The utilizable depth (without 

sedimentation) of the lake is about 8 m, thus its total capacity is 144 million cubic meters. 

The lake provides water for irrigation, fisheries, hydropower generation, navigation and 

other livelihood activities. Hence, water management is a compromisation between 

irrigation, power generation, fisheries and conservation sectors and sustainable 

management goals (Elazegui et al., 2016).    
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Fig 1. Lake Buhi in the Bicol River Basin of the Philippines (Sources: Map of BRB - Integrated 

Bicol River Basin Mater Plan; Map of Buhi - http://buhi-sinarapan.blogspot.com/p/community-

profile.html).  

 

The climate of the BRB is determined by both northeast monsoon winds and Pacific 

trade winds. Monsoon winds create the low-pressure area in the Pacific resulting in 

tropical cyclones. Approximately 20 cyclones urged per year in which 13% travel through 

the Bicol region especially in November to December (Otieno, 2004). These frequent 

cyclones cause significant flood damages annually. For instance, during 2007-2011 period, 

Bicol region lost approximately US $122 million rive farming due to weather and climate 

anomalies (Israel and Briones, 2012). Hence the Buhi's climate falls under type 2 

according to the classification of Philippine Atmospheric Geophysical and Astronomical 

Services Administration (PAGASA, 2011), which represents  a very pronounced rainfall 

period from November to April with an average annual rainfall ranges from 2,000 to 

3,600 mm (Abon et al., 2012), and wet conditions persist in the rest of the year (Elazegui 

et al., 2016). The Bicol plain is mainly consisted of thick alluvial deposits of sand, silt and 

clay. The lake also prone to sedimentation as soil eroded from adjacent agricultural and 

bare lands deposited in the lake.  
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2.2. Development of WEAP Model of Lake Buhi 

 

The Lake Buhi receives water from Bicol river flows through Buhi catchment. The 

key users of this lake water are Buhi municipality (local government unit), a private 

hydropower company (People Energy Services Inc.) and a government irrigation body 

(National Irrigation Administration (NIA) - Rinconada Integrated Irrigation Systems) 

which serves five municipalities in the province of Camarines Sur (Elazegui et al., 2016). In 

contrast, the water used by hydropower company is diverted back to river irrigation 

systems. Thus, the WEAP model of the Lake Buhi consisted of four demand sites that 

includes one municipality and three river irrigation systems (RIS). The river irrigation 

systems are, Rinconada RIS, Buhi-Lalo RIS and Barit RIS (Fig. 2). The Buhi municipality had 

given the first priority while Rinconada RIS, Buhi-Lalo RIS and Barit RIS followed by 

second, third and fourth priorioties.  

 

Fig. 2. The WEAP schematic of Lake Buhi watershed in the BRB 

WEAP defines reservoir zones of operation to manage water supply in the water body 

(SEI, 2015). A shown in Fig. 3, conservation and buffer zones are active zones where 

water is available for supply. Any water that exceeds the top of conservation zone will be 

removed to protect the dam. Water in the inactive zone is not available for supply, 

inactive zone is often increased if the lake is used for fresh water fish culture. 

In Lake Buhi, we developed a reference and three constrained scenarios of water level 

management. The three constrained scenario levels were; i) Fisheries management level; 
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ii) Municipality management level and iii) mixed management level. The reference 

management level is what the municipal government (NIA) imposes to safeguard fish 

gauges and fish pen operations (Elazegui et al., 2016). Hence, the reference level is same 

as the constrained scenario 1 (fisheries management level). The water storage 

calculations under each of the management level is given below. The water management 

levels of each constrained scenario is shown in Fig. 4.     

Fig. 3. Reservoir or Lake zones of operation as defined in WEAP 

Reference management (default-NIA) 

The surface area of the lake = 1,800 ha = 18×106 m2 

The elevation of the bottom of the reservoir = 76m 

Minimum level = 82.3 m 

Maximum level = 83.5 m 

Volume at minimum level = [(82.3-76m)× 18×106 m2] = 113.4×106 m3 = 113.4 Mm3  

Volume at maximum level = [(83.5-76m)× 18×106 m2] = 135×106 m3 = 135 Mm3 

Storage volume maintained in the lake = 135-113.4 = 21.6 Mm3 

 

Constrained scenario 1 (fisheries management level) 

This is same as the reference management. 

Constrained scenario 2 (municipality management level) 

Minimum level = 82.3 m 

Maximum level = 82.7 m 

Volume at minimum level = [(82.3-76m)× 18×106 m2] = 113.4×106 m3 = 113.4 Mm3  
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Volume at maximum level = [(82.7-76m)× 18×106 m2] = 120.6×106 m3 = 120.6 Mm3 

Storage volume maintained in the lake = 120.6-113.4 = 7.2 Mm3 

Constrained scenario 3 (mixed management level)  

In this scenario, both scenario 1 and scenario 2 were mixed across the year in which 

constrained scenario 2 was practiced during water shortage months (March - 

September), while constrained scenario 1 was practiced during rest of the year (October 

- February).  

 
Fig. 4. The Lake Buhi water management levels under each constrained scenario 

2.3 Model Calibration and Validation 

 Two weather stations near the Lake Buhi was used to collect historical 

precipitation data. Buhi telemetered station had data from 1981 - 1997 while PILI 

weather station collects the data from 1975 to date. Combining both, a long term (1986-

2015) monthly rainfall time series data was obtained. Year 1986 was taken as current 

account in this Lake Buhi WEAP model. WEAP runs everything in monthly time step. 

FAO effective rainfall conversion chart was adopted to compute the monthly effective 

rainfall. The total population of the Buhi city area was 57,496 in 1990 (source: Bicol river 

basin report 2003 volume II main report of basin plan). 1.66 % growth rate was used to 

back calculate the population in 1986 (53,772). The water demand in WEAP is computed 

by using activity level, water use rate, monthly variation and consumption. These 

component values were collected from appropriate sources (Table 1). Crop coefficient 

values (Kc) for rice (Allen et al., 1998) and monthly potential evapotranspiration (ET) 

were used as an input to WEAP to estimate monthly reference ET in the Buhi catchment. 
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This reference ET with a multiplication factor of 1.22 was used to estimate the net 

evaporation form the surface of the lake.  

Table 1. Water demand components of the demand sites in Lake Buhi model 

Demand site Activity level Water use rate Consumption 

Buhi municipality 53,772 cap 7.12 m3/ person 30 % 

Rinconada RIS 1,363 ha 28,658.88 m3/ ha 50 % 

Buhi-Lalo RIS 2,439 ha × 0.5# 28,658.88 m3/ ha 50 % 

Barit RIS 1935 ha × 0.33$ 28,658.88 m3/ ha 50 % 

Sources: Bicol river basin report and NIA website. #: Lake Buhi supplied 50 % of the requirement 

while remaining supplied by Lalo river; $: Lake Buhi supplied 1/3 of the requirement and 

remaining supplied by Barit river and Waras. 

 

The utilizable depth of the Lake Buhi was about 8 m (without sedimentation). Moreover, 

it is assumed that there is a linear relationship between elevation and volume to 

construct the volume-elevation curve. Buhi river gauge station named as Sto.Domingo at 

Nabua was the only stream flow measurement gauge sattion for the entire catchment 

that covers 905 km2. This station was out of operation during 1974-1985. Thus, 1986 - 

1990 stream flow was used to model validation. It was impossible to use stream flow data 

to calibrate the Lake Buhi WEAP model because this particular gauge station is too far 

from the Lake and it also collects water from another tributary of Iriga river in the other 

side of Lake Buhi. Nevertheless, simulated measurements were able to capture some of 

the peaks (Fig. 5).   

 

Fig. 5. Simulated vs. observed stream flow during 1986 - 1990 period 
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Therefore, lake volume was used to validate the model. Elevation records of Lake Buhi 

was used to calculate the observed lake volume. The simulation period was 2002-2014. 

The calibration was done under reference water level management and three constrained 

scenario levels developed for the study (Fig. 6). 

Fig. 6. Simulated (blue) vs. observed (red) monthly lake volumes under different water level 

management scenarios 
 

The simulated lake volume was plotted against observed volume under different water 

management scenarios to calculate the respective correlation coefficients (Table 2). The 

constrained level 3, which is the mixed water level management scenario had highest and 

appreciable correlation coefficient. Hence, this particular scenario was selected for the 

WEAP model simulations under climate change scenarios and seasonal climate forecast 

information formulated for this region. 

Table 2. Correlation coefficients of observed vs. simulated monthly lake volumes under different 

water level management scenarios 

Scenario Correlation coefficient 

Reference level 0.2 

Constrained level 1 0.2 

Constrained level 2 0.1 

Constrained level 3 0.4 

Reference level 

Constrained level 1 

Constrained level 2 

Constrained level 3 
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 We also tried to use MODIS satellite derived ET to validate the model (Fig. 7). There 

was a high positive correlation (0.765) between MODIS derived ET and WEAP simulated 

potential ET. Nonetheless, a negative correlation (-0.347) was found with WEAP 

simulated actual ET (Fig. 8). This may be due to pixel generalization in the MODIS image 

over the Buhi catchment and wetting pattern/ water regime dynamics of rice cropping 

areas. The correlation between MODIS derived ET and WEAP-actual ET might be 

improved if rice crop pixels are separated for the estimation of ET.  

 

Fig.7. MODIS ET image over the Bicol River Basin 

 

Fig. 8. MODIS derived ET with WEAP derived potential ET, actual ET and precipitation 

 

Thus, the validation of Lake Buhi model was mainly based on lake volume and its mixed 

water management scenario was used to produce simulations under different climate 

change scenarios and seasonal climate forecast information. 
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2.4 Preparation of Climate Change Scenarios 

 Generating climate change scenarios involves layering both natural variability and 

anthropogenic forcing of climate change. Then the scenarios were downscaled in space 

and time at distinct probabilities. So CMIP5 climate models (31 models) based climate 

change projections were incorporated to observational data based natural variability 

trend to develop a 30 year (2020-2050) plausible projections for rainfall (Fig. 9). An auto 

regressive model with an auto correlation approach was used to derive the projections. 

For an example, one particular projection looks like the Fig. 10. Later, the rainfall 

projection was segregated at 10th percentile, 50th percentile and 90th percentile to derive 

dry, normal and wet scenarios respectively. 

 

Fig. 9. Incorporation of the trends from the climate model to generate a 30 year projection 

 

Fig. 10. Grid based rainfall projection generated to the Philippines 
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Generated dry, normal and wet rainfall scenarios for the Lake Buhi area is shown in Figs. 

11, 12 & 13. 

 

Fig.11. Climate change projection of monthly precipitation for the period of 2020-2050 in Lake 

Buhi under dry scenario 

 

Fig.12. Climate change projection of monthly precipitation for the period of 2020-2050 in Lake 

Buhi under normal scenario 
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Fig.13. Climate change projection of monthly precipitation for the period of 2020-2050 in Lake 

Buhi under wet scenario 

 

The frequency histogram of annual total 

projected precipitation for the period of 

2020 to 2050 clearly shows the dry, 

normal and wet scenarios generated for 

the Lake Buhi region (Fig. 14). The 

above climate change scenarios were 

used to simulate the water demand-

supply characteristics in the Lake Buhi 

WEAP model.   
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Fig.14. Histogram of annual total 

projected precipitation in Lake Buhi for 

the period of 2020-2050 under dry (a), 

normal (b) and wet (c) scenarios 
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2.5 Preparation of Seasonal Climate Forecast 

 Seasonal climate forecast (SCF) is a very useful decision support tool for climate 

risk management as it provides an outlook for the coming season. SCFs in terms of 

precipitation are produced in tercile-probabilities of the most likely categories of above, 

near and below normalized rainfall (Fig. 15). SCF generally reduces the standard deviation 

than the climatology information. A three month SCF of rainfall generally superior over 

the monthly forecast as the weather noise is reduced with seasonal averages. Both 

parametric and non-parametric approaches could be used to downscale SCFs (Han and 

Ines, 2017) 

Fig.15. Three probability categories of a seasonal climate forecast 

The probability categories were obtained from PAGASA for the Lake Buhi region. Our 

aim was to develop SCF for January-February-March (JFM) season. Therefore, the 

probability of each category was averaged (Table 3). 

Table 3. Probability (%) of having rainfall in Lake Buhi region in 2016 

Month Below normal Normal Above normal 

January 65 27 8 

February 76 20 4 

March 82 16 2 

Mean 74 21 5 
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Forecast Resampler (FResampler) was used to obtain historical seasonal rainfall. Monthly 

rainfall forecast was derived from the cumulative distribution function of a given SCF (Fig. 

16). 

 

Fig.16. Cumulative distribution function of  the JFM seasonal forecast and respective climatology 

 

We restricted the number of SCFs to ten with respective climatology for the JFM season 

and these SCF inputs were used to simulate the water demand-supply characteristics in 

the Lake Buhi WEAP model (Fig. 17).  

Fig.17. Ten seasonal climate forecasts and respective climatology for JFM season in Lake Buhi 



 Bicol Agri-Water Project FINAL REPORT (OCT. 1, 2012 – DEC. 31, 2017) | 17 

 

3 Results and Discussion 

3.1 Simulations Under Climate Change Scenarios                  

 For this simulation year 1986 was considered as current accounts and simulations 

were run for 2020-2050. The reservoir volume as affected by dry, normal and wet 

scenarios are given in Figs. 18, 19 & 20 respectively. It can be noted that, under dry 

scenario in May 2040 the water level goes below the top of inactive that denotes the 

water is not available to supply (Fig. 18).  

 

Fig.18. Lake Buhi water levels under dry scenario for the period of 2020-2050 

 

Fig.19. Lake Buhi water levels under normal scenario for the period of 2020-2050 
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Fig.20. Lake Buhi water levels under wet scenario for the period of 2020-2050 

The water supply requirements of each demand site for the five year interval period of 

2020-2050 is shown in Figs. 21, 22, 23 & 24.  

 

Fig.21. The water supply requirement of Buhi municipality for the period of 2020-2050 
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Fig.22. The water supply requirement of Rinconada RIS for the period of 2020-2050 

 

Fig.23. The water supply requirement of Buhi Lalo RIS for the period of 2020-2050 

 

Fig.24. The water supply requirement of Barit RIS for the period of 2020-2050 
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The water demand site coverage (as a percentage of demand met) of each demand site 

for the period of 2020-2050 is shown in Figs. 25, 26, 27 & 28. As lake water level falls 

below the top of inactive in May 2040 under dry scenario (Fig. 18), the demand site 

coverage becomes zero for the Buhi municipality in that particular month (Fig. 25). In all 

other months, water demand is met completely by from the supply as the Buhi 

municipality has the first priority of water allocation. Demand of Riconada RIS also 

completely met by the supply (Fig. 26) because it's supply requirement is seasonal (Fig. 

22), for an example it has no water supply requirement in May 2040 in which water level 

goes below the top of inactive under the dry scenario (Fig. 18). Moreover, it has the 

second priority of water allocation.    

 

Fig.25. The demand site coverage of Buhi municipality for the period of 2020-2050 

 

Fig.26. The demand site coverage of Rinconada RIS for the period of 2020-2050 
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As the priority decreases, the demand site coverage started to decline depending on the 

seasonal supply requirement and level of priority. It highlights the water scarcity months 

in Buhi Lalo RIS (Fig. 27) and a worst case in least prioritized Barit RIS (Fig. 28). The same 

phenomenon clearly visible in the demand site reliability of each demand site under three 

climate change scenarios (Fig. 29).        

 

Fig.27. The demand site coverage of Buhi Lalo RIS for the period of 2020-2050 

 

Fig.28. The demand site coverage of Barit RIS for the period of 2020-2050 
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Fig. 29. Demand site reliability of all demand sites of Lake Buhi under the climate change 

scenarios 

3.2 Simulations Under Seasonal Climate Forecast 

 For this simulation year 1986 was considered as current accounts and simulations 

were run for 1987-2016. However, here we present the results of a single year 2016 as 

an example representation. According to the results of the simulations for all SCFs, the 

lake volume decreases from J-F-M in the season because January to April is the dry 

season in this region (Fig. 30). It is important to note that SCF decreases the variance in 

the predicted lake volume that its climatology thus, improves the predictability skill in the 

system. 

 

Fig.30. Simulated reservoir volume under SCF and respective climatology for JFM in 2016 
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We also looked the demand site coverage as a percentage of demand met by each 

demand sites of Lake Buhi. It can be clearly noticed that the water is allocated under 

different SCFs on the basis of priority level. For an example, the Buhi municipality with 

the first priority has met fully with its demand (Fig. 31) while demand site coverage 

decreases with increasing level of priority as Rinconada RIS, Buhi-Lalo RIS and Barit RIS 

(Figs. 32, 33 & 34). This highlights the fact that river irrigation systems are under different 

levels of water deficit during the JFM season depending on SCFs.  

  

Fig.31. Demand site coverage of Buhi municipality under different SCFs and respective 

climatology in the year 2016 

 

Fig.32. Demand site coverage of Rinconada RIS under different SCFs and respective climatology 

in the year 2016 
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Fig.33. Demand site coverage of Buhi Lalo RIS under different SCFs and respective climatology 

in the year 2016 

 

Fig.34. Demand site coverage of Barit RIS under different SCFs and respective climatology in the 

year 2016 

 

Demand site reliability clearly shows declining of reliability when priority moves from 

first to next. Buhi municipality has the highest reliability while Barit RIS has the lowest 

(Fig. 35).     
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Fig.35. Demand site reliability of all demand sites of Lake Buhi under different SCFs and 

respective climatology in the year 2016 

3.3 Case study in Quinali A watershed 

 Quinali A watershed has a complex water supply and demand characteristics in 

the Philippines. Thus, we developed the WEAP model as a theoretical case study to 

demonstrate the capabilities of WEAP to support water management decision making in 

the watershed. Fig. 36 represents the Quinali A watershed schematic in WEAP. 

Fig.36. The WEAP schematic of Quinali A watershed in the BRB 

Quinali A watershed consists of nine catchments, tweleve rivers, two diversions, one 

reservoir, fifteen demand sites and five stream flow gauge stations. The demand sites are 

Polangui city, Oas, Ligao, Libon, Mahaba NIS, Hibiga, NIS, Nasisi NIS, Ogsong NIS, South 

Quinali RIS, Cabilogan S Juan RIS, Prisa L Quinali CIS, San Agustin CIS, Agus St Cruz CIS, 
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R Quinali CIS and S Francisco Gabon CIS. Available historical weather data, stream flow 

data, activity levels, water use rates, monthly variation, consumption etc was collected to 

develop the model as described earlier to Lake Buhi WEAP model. Then we developed 

climate change scenarios to this particular region. As in the similar approach to Lake Buhi 

region, the rainfall projection was segregated at 10th percentile, 50th percentile and 90th 

percentile to derive dry, normal and wet scenarios respectively (Figs 37, 38 & 39). 

 

Fig.37. Climate change projection of monthly precipitation for the period of 2020-2050 in 

Quinali A under dry scenario 

 

 
Fig.38. Climate change projection of monthly precipitation for the period of 2020-2050 in 

Quinali A under normal scenario 
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Fig.39. Climate change projection of monthly precipitation for the period of 2020-2050 in 

Quinali A under wet scenario 

 

The frequency histogram of annual total 

projected precipitation for the period of 

2020 to 2050 clearly shows the dry, normal 

and wet scenarios generated for Quinali A 

watershed (Fig. 40). The above climate 

change scenarios were used to simulate 

the water demand-supply characteristics in 

the Quinali A WEAP model. The current 

account year was 1986. 

The important thing to note in this case 

study is that, all demand sites (15) have 

been given with first priority. Moreover, 

there is an additional scenario was tested to 

construct a diversion channel between 

Quinali River and Talisay River. The demand 

site reliability of each demand site is given in 

Fig. 41.   
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Fig.40. Histogram of annual total 

projected precipitation in Quinali A for 

the period of 2020-2050 under dry (a), 

normal (b) and wet (c) scenarios 
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Fig.41. Demand site reliability of all demand sites of Quinali A watershed under different climate 

change scenarios, diversion channel construction with reference for the period of 2020-2050 

4 Concluding Remarks 

 Bicol River Basin is an ideal example of small watershed regions in developing 

countries that are vulnerable to water resource conflicts due to both climate related 

risks and lack of effective water management mechanisms. Availability of water supply-

demand dynamic patterns under plausible future scenarios mainly hinder the decision 

making capacity of relevant institutions and stakeholders. Here we showed the potential 

of modeling approach (using WEAP model) to derive the essential information for 

decision support especially under climate risks. Scarcity of sufficient period of data with 

high precision is the major drawback to practice modeling tools in the areas like BRB. It 

may increase the uncertainties in model outcomes. This is common problem in many of 

the developing nations. This could be tackled by integrating remote sensing data and 

using global gridded downscaled data products into the model.      
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a b s t r a c t

Seasonal climate forecasts (SCFs) have received a lot of attention for climate risk management in agri-
culture. The question is, how canwe use SCFs for informing decisions in agriculture? SCFs are provided in
formats not so conducive for decision-making. The commonly issued tercile probabilities of most likely
rainfall categories i.e., below normal (BN), near normal (NN) and above normal (AN), are not easy to
translate into metrics useful for decision support. Linking SCF with crop models is one way that can
produce useful information for supporting strategic and tactical decisions in crop production e.g., crop
choices, management practices, insurance, etc. Here, we developed a decision support system (DSS) tool,
Climate-Agriculture-Modeling and Decision Tool (CAMDT), that aims to facilitate translations of proba-
bilistic SCFs to crop responses that can help decision makers adjust crop and water management
practices that may improve outcomes given the expected climatic condition of the growing season.

© 2017 Elsevier Ltd. All rights reserved.
Software and/or data availability

Name of software CAMDT (Climate-Agriculture-Modeling
and Decision Tool)

Developer International Research Institute for Climate and
Society, Columbia University, NY, 10964, USA/
Michigan State University, East Lansing, MI, USA
48824

Contact Eunjin Han/Amor VM Ines, International Research
Institute for Climate and Society, Columbia
University, NY, 10964, USA. E-mail address eunjin@
iri.columbia.edu or inesamor@msu.edu

Year first available 2015
Hardware required PC
Software required Windows 2007 or higher version
Program language Python and Fortran
Availability CAMDT Graphical User-Interface has been

written in the Python programming language.
Except for the Fortan codes, CAMDT is open-
source. It can be freely downloaded from https://
github.com/EunjinHan/CAMDT_Philippines

Cost N/A
and Microbial Sciences, Michigan
), inesamor@msu.edu (A.V.M. Ines
1. Introduction

The long-term impacts of climate change on food security have
been studied extensively (Brown and Funk, 2008; Lobell et al.,
2008; Schmidhuber and Tubiello, 2007). From a farmer's perspec-
tive, however, adaptation to climate change is more closely related
to addressing risks associated with inter-annual climate variability
than long-term changes or shifts in climate. During the past de-
cades, advances in seasonal climate predictions have brought a
great potential for improving climate risk management in agricul-
ture (Capa et al., 2015; Hansen, 2005; Hansen et al., 2011; Shafiee-
Jood et al., 2014). Seasonal climate forecast information have
proven especially valuable in developing countries, particularly in
tropical regions, which depend on rainfed agriculture and are
vulnerable to climate extremes (flood, drought, and heat waves)
due to limited technologies or infrastructure (Hansen, 2005).

Unlike weather forecasts, which are reliable at most for about
one week in the future, seasonal climate anomalies can be pre-
dicted with a longer lead time (e.g., a fewmonths) because they are
linked to interactions between atmosphere and sea surface such as
El-Ni~no-Southern Oscillation (ENSO) (Barnston et al., 2000). Due to
the inherent uncertainty in climate prediction, most of the
State University, 1066 Bogue St., East Lansing, MI, 48824, USA.
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publically accessible seasonal climate forecasts (SCF) released by
the NOAA-Climate Prediction Center, the International Research
Institute for Climate and Society (IRI) or the UK Met Office are
provided in tercile probabilities of the most likely category, i.e.,
below normal (BN), near normal (NN) and above normal (AN), for
rainfall and temperature.

Seasonal climate forecasts alone can fall short in providing
actionable information for improving farm-level decisions and
policy-level interventions. However, if SCFs are linked with a de-
cision support system (e.g., with crop simulation models), they
could help farmers improve strategic and tactical decisions to
maximize benefits and minimize climate-related risks in the
growing season. Yield Prophet (Hochman et al., 2009; http://www.
yieldprophet.com.au) and AgroClimate (Fraisse et al., 2006; www.
agroclimate.org) are some examples of Decision Support System
(DSS), which can provide information on impacts of climate on crop
growth/yield, disease occurrence, and recommended management
practices based on several simulation models; climate forecasts
used are often ENSO-based.

Amajor obstacle in integrating crop simulationmodels and SCFs
is the mismatch of scales (space and time). Crop models require
weather-scale inputs while SCFs provide seasonal climate infor-
mation. Weather generators can generate synthetic daily weather
data that crop models can use to run simulations (Buishand and
Brandsma, 2001; Clark et al., 2004; Kim et al., 2016; Verdin et al.,
2015; Wilks, 2002; Yates et al., 2003). However, they are not
readily designed for linking probabilistic SCFs with crop models.
Notwithstanding, by repurposing weather generators, several
studies linked SCFs with crop simulation models by disaggregating
SCF into daily weather sequences. Hansen and Indeje (2004) and
Apipattanavis et al. (2010) applied stochastic disaggregation ap-
proaches to create daily weather sequences from SCFs to produce
crop yield forecasts using DSSAT (Decision Support System for
Agro-technology Transfer) crop simulation models (Jones et al.,
2003; Hoogenboom et al., 2015).

Although SCFs are important for climate risk management,
translating tercile-based (probabilistic) SCFs into agricultural terms
is not straightforward. It requires some technical expertise, not only
for running crop simulation models using the SCF median, but also
in data science, computing and agronomy. It should be noted that
all tercile probabilities of likely rainfall categories in the SCF (i.e.,
BN, NN and AN) comprise the full distribution (hence, information)
of the forecast, opposite to the notion of taking the rainfall category
with highest probability for convenience. When SCF is dis-
aggregated to daily weather sequences, uncertainties in weather/
climate are reflected in the weather realizations. For instance,
downscaling a 50% BN, 30% NN and 20% AN forecast can include 50
weather realizations extracted from the dry category, 30 from
normal and 20 fromwet, with a total of 100 realizations. Converting
these weather realizations to model-specific format and running
the crop model by the number of realizations can be a tedious and
time-consuming task. Producing useful information from SCFs for
decision support in agriculture is therefore a challenging task.

To help overcome these challenges, we developed a model-
based DSS tool, which can seamlessly integrate these procedures:
disaggregate a given SCF, run a crop simulation model with the
former and visualize model outputs such as expected yields or
gross margins. Here, we present a DSS tool called Climate-
Agriculture-Modeling and Decision Tool (CAMDT) that can aid in
developing tailored information for agricultural decision-making
using SCFs. CAMDT links SCFs with DSSAT crop models. In addi-
tion to a user-friendly graphical interface, CAMDT allows a user to
run “what-if” scenarios, considering different climate forecasts or
crop management options. CAMDT also includes a simplified inte-
grated climateecrop-economic modeling system that can translate
crop model outputs into economic terms.
2. Software description

CAMDT is a DSS tool with a simple, user-friendly interface,
which aims to integrate SCF temporal downscaling tools (pre-
dictWTD or FResampler1, will be described later) and DSSAT. This
version of CAMDT is linked with DSSAT-CSM-Rice model, although
there is a potential of including other crop models in the future. A
Graphical User Interface (GUI) serves as a wrapper that integrates
SCF and crop model based on user's inputs. CAMDT requires lesser
inputs from users compared with the regular DSSAT interface.
Users with little experience in DSSAT or SCF downscaling methods
can use CAMDT to generate tailored information for agricultural
decisions. In addition, the software is designed to help users avoid
the tedious tasks of creating format-sensitive DSSAT input files, and
extracting target output variables out of several DSSAT output files
for analysis. CAMDT can easily display direct DSSAT outputs (e.g.,
yield and water stress), as well as translated outputs (e.g., risk of
water stress and gross margins). It is envisaged that the software
can contribute to developing better informed climate adaptation
strategies by providing users the ability to easily assess scenarios of
various agronomic practices, given an expected seasonal climate.
SCF downscaling only includes rainfall in this version, but a similar
approach can be easily expanded to include other variables such as
temperature.
2.1. DSSAT-CSM-rice model

The DSSAT-Cropping System Model (CSM) is a modular-based
application package, which can simulate at least 16 different
crops (Hoogenboom et al., 2015; Jones et al., 2003). The crop
models simulate crop growth and development, soil moisture,
carbon and nitrogen dynamics under specific management prac-
tices at a spatially uniform field. Weather data including daily
maximum and minimum air temperature (Tmax and Tmin), solar
radiation and precipitation, are fundamental forcing variables to
simulate hydrological processes and crop phenology. Temperature
is used to estimate growing degree-days which determine the rate
of crop development (Jones et al., 2003). Soil properties are also
critical variables to simulate water, carbon and nitrogen dynamics
in the soil and their impacts on crop growth. Soil information
required by DSSAT includes physical, chemical and morphological
characteristics of each soil layer. Crop growth stages are simulated
based on user-determined genetic coefficients which vary with
different cultivar types. Therefore, genetic coefficients of a target
cultivar should be properly calibrated and tested using field
experimental data before the models are used for any application.
Biomass production of a crop is determined mainly by intercepted
photosynthetically active radiation (PAR), and penalized by several
stress factors, such as extreme temperature or limited water or
nitrogen availability.

As mentioned, this version of CAMDT linked DSSAT-CSM-Rice
model with SCF to simulate rice growth and development. To
simulate irrigated low-land rice, transplanting dates and detailed
irrigation schedules need to be provided. More details on the rice
model can be found in Ritchie et al. (1998) and Jones et al. (2003).
Like other crop simulation models, DSSAT-CSM-Rice model has
been used on a wide range of applications including: identifying
optimal management options (Ahmad et al., 2012; Amiri et al.,
2013); estimating rice yields (Mahmood et al., 2003); assessing
impact of climate change on rice yields (Basak et al., 2009;
Saseendran et al., 2000), simulating interactions between pest
damage and rice yields (Pinnschmidt et al., 1995), among others.

http://www.yieldprophet.com.au
http://www.yieldprophet.com.au
http://www.agroclimate.org
http://www.agroclimate.org
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2.2. Temporal downscaling of seasonal climate forecasts

This current version of CAMDT includes two downscaling
(temporal) methods to link SCFs with the DSSAT-CSM-Rice model:
(i) parametric, predictWTD (Ines and Han, 2014) and (ii) non-
parametric, FResampler1 (Ines, 2013). The predictWTD is a spin-
up of the works of Hansen and Ines (2005) on conditional sto-
chastic weather generator, but downscales the full distribution of
SCF, not just the median. A stochastic weather generator can be
constrained to generate rainfall realizations that match a target
rainfall amount, or can be conditioned by altering rainfall intensity
and/or frequency parameters based on a forecast (Hansen and
Indeje, 2004; Hansen and Ines, 2005; Ines et al., 2011).

In predictWTD, a tercile-based probabilistic seasonal climate
forecast is first converted to a theoretical cumulative density
function (CDF) curve. Then, seasonal rainfall amounts are extracted
that correspond to 5th, 15th,…, 95th percentile of the forecast CDF.
These samples represent the SCF distribution. These seasonal de-
viates are converted to monthly values based on climatology.
Consequently, monthly rainfall amounts can be transformed to
rainfall intensities or frequencies using the mass conservation
equation of rainfall (R¼ m� p), where R is total rainfall (mm/day), m
is rainfall intensity (mm/wet-day) and p is rainfall frequency (wet-
day/day). Using forecasts R, m, p or combinations from those 10
representative percentiles the SCF is downscaled into daily rainfall
realizations by constraining/conditioning the stochastic weather
generator. Solar radiation and temperature (maximum and mini-
mum) are also generated conditioned on rainfall occurrence, but
model parameters were not altered from climatology in this
CAMDT version. Nevertheless, the current stochastic model can
downscale monthly temperature and solar radiation to daily se-
quences, if needed. Details of the conditional stochastic weather
generators can be found in Hansen and Indeje (2004) and Hansen
and Ines (2005).

FResampler1 uses the concept of “conditional block sampling”
of weather data to create daily weather realizations of a tercile-
based probabilistic seasonal climate forecasts. For a season of in-
terest, it draws randomly from historical records a set of daily
weather data (rainfall, Tmin, Tmax and solar radiation) from years
that belong to a certain rainfall tercile category (i.e., BN, NN or AN).
In this way, FResampler1 preserves the covariance between rainfall
and other weather parameters, as values of Tmin, Tmax and solar
radiation are conditional on rainfall.

A sensitivity analyses of factors impacting performance of pre-
dictWTD and FResampler1 were presented in Han and Ines (2015).
The performances of these two methods were compared by Capa
et al. (2015), who investigated impacts of SCF on maize and
wheat yields and irrigation requirements in the Iberian Peninsula.
They suggested that these methods could be considered as feasible
options when linking SCF with crop simulation models. Since
FResampler1 samples daily weather data from historical records,
with replacement, observations of at least 30 years are required for
reasonable outcomes. This assumption on data requirement holds
true for predictWTD.

2.3. Linking SCF with DSSAT through CAMDT user-interface

The DSSAT software package provides a good user-interface and
supplementary tools for creating input files and analyzing model
results. CAMDT expands the utility of DSSAT crop models to
seamlessly integrate probabilistic SCF to support decision-making
in agriculture. CAMDT requires more simplified input information
for DSSAT simulations and it has the functionality to adjust rooting
depth of a given soil profile as deep-, medium- or shallow-depth
soil. There have been several studies that tried to link SCFs to
crop simulation models by disaggregating the SCFs into daily
weather data (Apipattanavis et al., 2010; Hansen and Indeje, 2004;
Hansen and Ines, 2005; Pal et al., 2013). However, the procedures
are cumbersome and time consuming, and do not use the full in-
formation of a probabilistic SCF. CAMDT provides a convenient
interface for coupling SCF and DSSAT-CSM-Rice model to predict
yield, perform scenario analysis on crop, fertilizer and water
management combinations, and for conducting economic analysis.

CAMDT's Graphical User Interface (GUI) was developed using
Tkinter module and Pmw megawidgets in Python (www.phyton.
org). CAMDT has the flexibility to be updated in order to add
more functionalities in the future. It can be easily customized to
meet specific needs (e.g., simulating different crops) for climate risk
management in other regions. Since Python is free and open-
source, CAMDT can be easily adopted without licensing issue,
which is beneficial, especially for developing countries; this is
particularly interesting because DSSAT is now free as well. Except
for the Fortan codes, CAMDT is open-source. It can be freely
downloaded from: https://github.com/EunjinHan/CAMDT_
Philippines. Fig. 1 shows the first tab (Simulation setup) of
CAMDT GUI.

Fig. 2 shows the schematic of procedures implemented in
CAMDT. The current version of CAMDTcan be used for “hindcast” or
“forecast” analysis. Hindcast is used when one wants to perform a
retrospective analysis wherein the performance of the seasonal
climate forecast and DSSAT are evaluated. Forecast is used for ex-
ante analysis. CAMDT can read SCF's tercile probabilities from
ASCII file generated by IRI's Climate Predictability Tool (CPT)
(Mason and Tippett, 2016) or can be inputted manually.

Long-term historical weather data is required to calibrate sto-
chastic models for predictWTD, or to provide enough sampling
space for FResampler1. FResampler1 requires only the number of
realizations as input from the user. The predictWTD requires
additional inputs e.g., monthly target values either as rainfall
amount, frequency, intensity or any combinations of these variables
to constrain/condition the stochastic models.

Two different time horizons are needed to be specified in
CAMDT: target growing season (from planting to harvesting) for
DSSAT simulations, and target forecast season for a SCF. If SCF is
applied at the beginning of the growing season, all simulations are
forced by downscaled weather realizations, resulting in larger un-
certainty of the predicted yields. If the SCF is applied in the middle
of the growing season, observed weather data is used until the start
of the target forecast season, resulting in lesser uncertainties of the
predicted yields.

CAMDT can perform “what-if” scenarios. Forecasted yields of all
scenarios are plotted for comparison, either by box-plots or ex-
ceedance probability curves. Exceedance probability (P) is
computed as P ¼m � (n þ 1)�1 wherem is the rank of a forecasted
yield (m ¼ 1 is the largest value) and n is the total number of
simulated years (yields). Uncertainties in forecasted yields are re-
flected by the spread of the probability curves ormiddle quartiles of
the boxplots. Gross margins can be also plotted as either box-plots
or exceedance probability curves. Time series of average water
stress defined as, 1- ETa/ETp, where ETa and ETp are actual and
potential evapotranspiration, respectively are also visualized. In
addition, the risk of exceeding a water stress threshold can be
plotted as well.

3. Study area: Bicol province, Philippines

This version of CAMDT was developed for rice-based agricul-
tural systems in Bicol River Basin, Philippines (Fig. 3). The Bicol
River Basin is one of the major basins in the country covering
approximately 3770 km2 of catchment area. Agriculture and

http://www.phyton.org
http://www.phyton.org
https://github.com/EunjinHan/CAMDT_Philippines
https://github.com/EunjinHan/CAMDT_Philippines


Fig. 1. Graphical user-interface of CAMDT.

E. Han et al. / Environmental Modelling & Software 95 (2017) 102e114 105
fisheries are the major sources of income in the region. The Bicol
region is highly vulnerable to climate-related risks, mainly ty-
phoons and floods. However, droughts or dry spells also negatively
affect rice farming in the Bicol region (Elazegui et al., 2016). Ella
et al. (2010) ascribed inequitable distribution and inadequate
supply of irrigation water to climate change/variability and dete-
riorating watershed conditions. As a result, there have been con-
flicts among water users of Lake Buhi (agriculture, fisheries,
municipality and hydroelectric power generation). Therefore,
climate-smart agricultural water use became more of an important
issue in the Bicol region, in spite of high annual rainfall (Fig. 4).

Climate and rice production in the Philippine are strongly
influenced by ENSO (Koide et al., 2013; Lyon and Camargo, 2009;
Lyon et al., 2006). Seasonal rainfall in many regions of the coun-
try are usually lower during El Ni~no and higher during La Ni~na (Jose
et al., 1999; Mason and Goddard, 2001). Seasonal climate forecasts
in the Bicol region have higher skill in the October-November-
December (OND) season than the rest of the year (Lyon et al.,
2006). Koide et al. (2013) found a strong relationship between
rainfall in OND and rice production (both rain-fed and irrigated) for
the dry cropping season (JanuaryeJune). SCFs with better skill and
enough lead-time may thus benefit farmers allowing more oppor-
tunities to reduce climate risks in their agricultural activities.

In the Bicol region, there are only two weather stations with
long-term climate records for DSSAT simulations and downscaling
of SCF (Fig. 3). The weather stations in Pili (PILI) and Legaspi City
(LEGA) have daily weather observations (Tmin, Tmax and precipita-
tion) since 1975 and 1984, respectively. For this study, we used solar
radiation data from NASA- Prediction Of Worldwide Energy
Resource (POWER) (http://power.larc.nasa.gov/). Monthly Tmax and
Tmin in PILI and LEGA show little variations throughout the year
(Fig. 4). Monthly rainfall distribution is different for the two sta-
tions. LEGA station shows a Type II climate, which has no clear dry
seasonwithmaximum rainfall in November and December affected
by the northeast monsoon. PILI has a Type IV climatewith relatively
low rainfall that occur from January to May while relatively high
rainfall occur from June to December (Koide et al., 2013).

Bicol Region has two rice growing seasons with planting in June
and December (Table 1). The region heavily depends on irrigation
for rice farming; 70e90% of rice production comes from irrigated
fields (Koide et al., 2013).

Soil properties are one of the critical inputs for DSSAT. Due to
unavailability of a local soil database, we extracted five soil profiles
located in the Bicol region from WISE (World Inventory of Soil
Emission Potentials) soil database Romero et al. (2012). A total of 15
different soil types are available in CAMDT for the Bicol region.

4. Calibration and validation

Although CAMDT can be used for yield forecasting, it is not a
platform intended to establish yield forecasts, but to inform de-
cisions by assessing the expected impact of technology options on
crop yields and income, for different seasonal climate scenarios.
Thus, the main purpose of running CAMDT is to optimize agro-
nomic practices according to expected climate conditions. There-
fore, evaluating the performance of CAMDT is not as simple or
straightforward as calibrating/validating traditional crop simula-
tion models such as DSSAT because CAMDT links DSSAT to “prob-
abilistic” SCF. Therefore, evaluation of CAMDT performance can be
conducted in two different perspectives: evaluation of DSSAT per-
formance and accuracy of a tercile-based SCF.

4.1. DSSAT-CSM-rice calibration

Two rice cultivars (PSB Rc82 and Mestiso 20) were calibrated
based on field experiments by Philippine Rice Research Institute
(PhilRice). The experiments were conducted during dry (sowing in
December) and wet (sowing in July) seasons in 2012 with different
fertilizer applications. Several observed data (e.g., panicle initiation
day, dates of anthesis and physiological maturity, yield at harvest/
maturity) from the experiments were used in GENCALC (Genotype
Coefficient Calculator in DSSAT4.6; Hoogenboom et al., 2015) for
calibration. Table 2 shows calibrated genetic coefficients for each
cultivar, where P1- thermal time required for the plant to develop
from after emergence to end of juvenile stage, P2R - rate of
photoinduction, P5 - thermal time for grain filling, P2O - optimum
photoperiod, G1 - potential spikelet number coefficient, G2 - single
grain weight under ideal growing conditions, G3 - tillering

http://power.larc.nasa.gov/
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coefficient and G4 - temperature tolerance coefficient (Ritchie et al.,
1998; Hoogenboom et al., 2015). Table 3 shows the performance of
the calibrated cultivar coefficients. In general, physiological devel-
opment and biomass responses were simulated relatively well,
with some noticeable errors on anthesis dates and yield simula-
tions, in the wet season. Details of the calibration study including
comparisons of calibration methods will be presented in future
publications. Other rice cultivars are included in the current version
of the CAMDT.
4.2. DSSAT-CSM-rice evaluation

DSSAT-simulated yields with long-term daily weather data from
PILI and LEGA stations were compared with the historical rice
yields at Camarines Sur and Albay Province in Bicol (http://dbmp.
philrice.gov.ph/Ricestat/Statmonth%20data/Volume_1yield.html).
The comparisons were conducted for years, which have both yield
statistics and daily weather data at local weather stations
(1976e2015 for PILI and 1985e2015 for LEGA).
Historical rice yields were de-trended to filter non-climate
signals in rice yield variability. Spearman's rank correlation was
used to quantify how simulated yields correspond with the
detrended observed yields at a provincial level. Considering het-
erogeneities in soil characteristics, weather, management prac-
tices, rice cultivars at the provincial level, simulated and observed
yields were normalized for comparison. Simulated rainfed rice
yields using PILI weather data showed reasonable correlation
(r ¼ 0.401, p-value ¼ 0.010) with rainfed yields in Camarines Sur
(Fig. 5a). Simulated yields using LEGA weather data also showed
good correlation (r¼ 0.512, p-value¼ 0.003) with observed yields
in Albay (Fig. 5b). These results show that DSSAT responds
adequately with climate variability in the two provinces. Some
opposite variations between the simulated and observed yields
were apparent (e.g., 2014 in Pili), which could be attributed to
processes that DSSAT could not simulate (e.g., disease or physical
damage due to strong wind and flood). Rigorous crop model
validation can be done at the field level, but is not the scope of this
study.

http://dbmp.philrice.gov.ph/Ricestat/Statmonth%20data/Volume_1yield.html
http://dbmp.philrice.gov.ph/Ricestat/Statmonth%20data/Volume_1yield.html


Fig. 3. Map of Bicol region.

Fig. 4. Monthly average maximum and minimum temperature (Tmax and Tmin) and precipitation (PCP) observed at PILI and LEGA.
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4.3. Seasonal climate forecast accuracy

Potential predictability of SCF in the Philippines is high due to its
strong connection with ENSO events (El Ni~no and La Ni~na), spe-
cifically for the drier season from October to March (Lyon et al.,
2006). Therefore, climate predictions with enough lead-time
could greatly benefit the agricultural sector. We used CAMDT to
validate the benefits of SCF for forecasting rice yields in the Bicol
region. Tailored SCF for the Bicol region produced by CPT (Lyon and
Ines, 2014; Mason and Tippett, 2016) was used in this experiment.
Two ENSO years were tested, a very wet SCF (4% BN, 13% NN and
83% AN) for JFM of 2009 due to La Ni~na (LaNi) and a drier SCF (40%
BN, 39% NN and 21% AN) for JFM of 2010 due to El Ni~no (ElNi). As
reference, climatology (CL) (33% BN, 34% NN and 33% AN) was also
compared with those two years. It was assumed that rice was
transplanted December 15th and fertilizer was applied twice, 17th
and 32nd days after planting (35 kg N ha�1 in each date). Irrigation
was applied only during transplanting to make the soil saturated.
Weather data from the PILI station, calibrated PSB Rc82 rice cultivar,
and sandy clay loam soil were used in this experiment. A set of 100



Table 1
Rice calendar in the Bicol region, Philippines.

Day-of-year
(First season)

Day-of-year
(Second season)

Onset of planting 152 (June 1) 335 (December 1)
Peak planting date 166 (June 15) 349 (December 15)
End of planting 181 (June 30) 365 (December 31)
Onset of harvest 244 (September 1) 74 (March 15)
Peak harvest date 258 (September 15) 74 (March 15)
End of harvest 273 (September 30) 90 (March 31)
Growing period from sowing to harvesting [days] 92 90

*source: http://irri.org/our-work/research/policy-and-markets/mapping-rice-in-the-philippines-when

Table 2
Calibrated genetic coefficients.

Cultivar P1 P2R P5 P2O G1 G2 G3 G4

PSB Rc82 (Dry Season) 447.9 4.4 420.0 11.9 88.6 0.025 1.00 1.00
PSB Rc82 (Wet Season) 627.6 3.5 340.2 9.4 125.9 0.025 1.00 1.00
Mestiso 20 (Dry Season) 629.6 3.5 533.6 9.4 65.9 0.025 1.00 1.00

Note: Refer to Jones et al. (2003) for definition of parameters; PHNT parameter was
fixed at 83.
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daily weather realizations were created for each scenario by
predictWTD.

As shown in Fig. 6a, the means of predicted yields with wet or
dry SCF were closer to the yields simulated with observed weather
(dots) compared with the predicted yields with climatology (CL09
and CL10) in El Ni~no (ElNi) and La Ni~na (LaNi) years. These results
suggest that tailored SCFs have predictive skills, and a reliable SCF
can provide useful information for predicting yields more accu-
rately, early enough before harvesting to be able to prepare effec-
tively for countermeasures in advance. In the El Ni~no year (2010),
the dry forecast resulted in stronger water deficit, hence lower
yields (Fig. 6b). In the La Ni~na year (2009), there were no water
stress (Fig. 6b), but less solar radiation or unfavorable temperatures
might have negatively impacted photosynthesis resulting in lower
yields than climatology.

The soil water deficit in the El Ni~no year (2010) hampered crop
growth by limiting water uptake by the plants. Extreme dry con-
ditions that occurred after planting (December 15, 2009) lowered
the surface soil water content near wilting point due to no irriga-
tion and thus the fertilizer applied by DSSAT on 17 days after
planting (DAP) was not fully utilized resulting in extreme nitrogen
stress from 26 DAP. However, the La Ni~na condition early in 2009,
continuously saturated the soil after planting (December 15, 2008)
thereby providing a more favorable condition for fertilizer to be
available to the plants resulting in lower nitrogen stress during crop
development. Median yield simulated by SCF under El Ni~no con-
dition was closer to ‘observed’ than yield simulated using clima-
tology. Larger spreads, however, can be attributed to the still
moderate portions of the simulations coming from NN and AN
categories, compounded by drier events in the forecast season
Table 3
Performance metrics of calibrated genetic coefficients.

Cultivar Days to anthesis Days

Obs. Sim. Error (%) Obs.

PSB Rc82
(Dry Season)

56 56 0 95

PSB Rc82
(Wet Season)

76 65 14.47 90

Mestiso 20 (Dry Season) 78 69 11.54 107
(JFM) and observed weather (December 2009).

5. Case studies

In this sectionwe show how CAMDTcan be used for agricultural
decision support given an expected SCF.

5.1. Effects of different fertilizer applications

Optimal application of fertilizer, especially nitrogen (N) is one of
the key elements for sustainable cropping systems (Ahmad et al.,
2012). Effects of different fertilizer applications on yields were
tested with a cultivar PSB Rc82 and a sandy clay loam soil profile.
The rice transplanting date was December 15, 2009 (peak planting
date for the dry season). Due to El Ni~no, a drier SCF 45% BN, 35% NN
and 20% AN was applied for JFM of 2010. The parametric down-
scaling method, predictWTD was used to disaggregate SCF to daily
weather realizations constraining rainfall amount and adjusting
rainfall frequency parameters (e.g., Ines et al., 2011). To focus on the
effects of fertilizer applications, no water stress was assumed by
applying the automatic irrigation. LEGA weather data was used in
the simulations (Fig. 4). Note that even in this simulation setup,
crop simulations could be still affected by the drier SCF e.g., the
impact of stronger solar radiation in crop production compared to
climatology (Fig. 7). DSSAT, with its native user-interface, can be
set-up to simulate these fertilizer treatments using observed
weather, but linking it with the probabilistic SCF is cumbersome at
most, without specialized tools (Hansen and Ines, 2005; Ines et al.,
2011). CAMDT bridges that gap. The intent of this case is to show-
case that capability.

The first scenarios applied no fertilizer, using SCF (FRF0) and
climatology (FRC0). Second scenarios included a two-time fertilizer
application, 35 kg of N ha�1 applied on 17 DAP and 32 DAP, using
SCF (FRF1) and climatology (FRC1). The last scenario had the same
amounts of fertilizer as the second scenarios, but one more appli-
cation (35 kg of N ha�1) was given 52 DAP using SCF (FRF2). Current
version of CAMDT can only accommodate five scenarios at the
moment. Since the predefined fertilizer set-up was applied for both
SCF and climatology, the results cannot be interpreted as SCF
informing decision on fertilizer applications (this capability will be
added in future CAMDT versions). It can show, however, the impact
to maturity Grain yield (kg ha�1)

Sim. Error (%) Obs. Sim. Error (%)

90 5.26 9497 9299 2.08

90 0 6975 5465 21.64

107 0 9926 9921 0.05

http://irri.org/our-work/research/policy-and-markets/mapping-rice-in-the-philippines-when


Fig. 5. Ranked observed and simulated yields a) Province of Camarines Sur with PILI station and b) Province of Albay with LEGA station.
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of fertilizer to crop growth, which regular DSSAT can provide (after
post processing), and the value of SCF to predicting crop yields.

Fig. 7 shows the forecasted yields from the fertilizer scenarios.
Compared to the reference case (FRF0), FRF1 and FRF2 produced
lesser variances in yield distribution and higher yields as expected.
Compared to climatology, the drier SCF resulted in slightly higher
yields for both reference cases (FRF0, FRC0) and with fertilizer
application cases (FRF1, FRC1). We observed that excessive water
under climatology caused more nitrogen (N) leaching resulting to
more nitrogen (N) stress during the critical growth stage (repro-
ductive) (Fig. 8).

Next, in addition to the yield forecast, expected gross-margin
was also generated based on the different management practices
as shown in Fig. 7c and d. This economic analysis provides addi-
tional practical information that can further assist farmers’ decision
making. In this exercise, rice price, cost of nitrogen fertilizer, cost of
irrigation and general costs were assumed as 425 USD ton�1, 1.0
USD kgN�1, 0.3 USD mm�1 and 800 USD ha�1 respectively. Fig. 7
shows higher yields and gross margins as more fertilizer was
applied. However, there would be a critical point where increased
fertilizer amounts would result in a decrease in gross margin. This
analysis can be modified to find optimal amounts or timing of
fertilizer application or to investigate yield gaps due to insufficient
or inefficient management practices.

5.2. Effect of different planting dates

In rainfed systems, adjusting planting windows can make a big
difference in yields. Here we tested three different planting dates
(December 1st, 15th and 31st, DOY335, DOY349 and DOY365,
respectively) for the second cropping season (Table 1), which is
vulnerable to dry spells or drought. The PILI station was selected
because it has less rainfall during the second cropping season than
the first (Fig. 4). El Ni~no strongly affects the Bicol region increasing
the chances of weather conditions that are drier than climatology
during the second cropping season. For instance, in December 2015,



Fig. 6. Evaluation of Seasonal Climate Forecast; a) yield forecasts, b) water stress index. Note: dot graph in a) represent the yields simulated using observed weather. The scenario
names, LaNi and CL09 refer DSSAT simulation for 2009 based on a wetter forecast of JFM due to La Ni~na and climatology respectively. The scenario names, ElNi and CL10 refer DSSAT
simulation for 2010 based on a drier forecast of JFM due to El Ni~no and climatology respectively.

Fig. 7. CAMDT test case to investigate effects of different fertilizer applications; a) box-plot of yield forecasts, b) exceedance distribution of yield forecasts, c) box-plot distribution of
gross margin, d) exceedance distribution of gross margin. Note: dots to the left and dashed lines to the right panels are yields/gross margins simulated by observed weather. The
scenario names, FRF0, FRF1, FRF2 refer DSSAT simulations with no-fertilizer, two-time applications and three-time applications respectively, given a drier SCF. The scenario names,
FRC0 and FRC1 refer DSSAT simulations with no-fertilizer and two-time applications based on climatology.
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Fig. 8. Time-series of average nitrogen stress factor with two-time fertilizer applica-
tion scenarios using SCF (FRF1), climatology (FRC1) and observed weather (Obs).
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IRI's net assessment (http://iri.columbia.edu/our-expertise/
climate/forecasts/seasonal-climate-forecasts/) forecasted 95% of
below-normal probability of rainfall due to super El Ni~no, which
happened from the end of 2015 to early 2016.

Here, a dry forecast for DJF (55% BN, 30% NN and 15% AN)
affected by El Ni~no in 2010 was tested with no irrigation. Fertilizer
was applied only once for all scenarios, 50 kg of N ha�1 when
transplanting. Other experimental settings including the temporal
downscaling method are the same as Section 5.1.

Due to the lack of irrigation and drier weather, extremely low
yields were obtained several times especially with mid- and late
planting dates (Fig. 9a and b). Dry weather in January delayed
flowering and thus maturity, which eventually led to poor growth
and grain filling. The early planting (P35F) generated the highest
mean and median of the forecasted yields but with high uncer-
tainty (large variance). The late planting (P65F) resulted in lowest
with some extremes. Predicted yields using observed weather (dots
in Fig. 9a) showed more unfavorable weather as planting dates
became closer to the end of December. Fig. 9c shows how the
average water stress evolved during the crop growth. In the case of
an early planting (P35F), the average water stress increased around
the typical flowering dates for this cultivar (approximately 60 days
after planting). However, P49F and P65F suffered water deficits
even before flowering dates and for longer periods, which nega-
tively affected crop growth and grain filling. Fig. 9d shows similarly
but with a different indicator, i.e., the probability of exceeding 0.5
water stress threshold.

Additionally, we conducted the same experiment but with
climatology information (i.e., 33% BN, 34% NN and 33% AN) and the
results are shown in Fig. 10. This experiment is to compare the
situation when there is no indication of higher or lower seasonal
rainfall for the coming season. In terms of mean yields, there is little
difference between early (P35C) and mid (P49C) planting, but mid-
planting has more uncertainty. Compared to the simulation results
with the dry forecast (Fig. 9a), distribution of simulated yields using
climatology were more deviated from the simulated yield with
observed weather indicated in greed dots (Fig. 10a). The simulation
with dry forecast resulted in more water stress (Fig. 9c and d;
Fig. 10c and d) leading lower yields than the climatology-based
simulation. Again, this comparison shows merits of using SCF
rather than climatology in the Bicol region. In this comparison,
application of SCF does not apparently change the order of planting
dates, which produces higher yields compared to climatology-
based simulation. However, by applying SCF, we can have better
idea on “relative” changes in yields with different planting dates.

6. Discussion

In the pursuit of advancing climate-smart agriculture, a number
of agro-climate tools have been developed (Hansen and Coffey,
2011). For instance, Yield Prophet and AgroClimate mentioned
above are extensive agricultural decision support systems which
aim to collect and integrate wide ranges of information needed for
crop production, analyze or transform the information using
various simulation models, and provide recommendations for
appropriate action. Unlike these tools, CAMDT has rather specific
objectives, i.e., linking probabilistic seasonal climate forecast (SCF)
directly to crop models (DSSAT-CSM-Rice model in this version),
and to provide an easy-to-use graphical user interface that facili-
tates convenience simulating “what-if” scenarios for agricultural
extension workers or advisors, and possible, farmers.

CAMDT was developed to target agricultural advisors or
extension workers, unlike other DSS that directly targeted farmers
(e.g., Churi et al., 2013). Limited knowledge on probabilistic SCF and
crop simulationmodels may lead to misuse or misinterpret outputs
of CAMDT. Nelson et al. (2002) emphasized the critical roles of
intermediaries (agricultural advisors or consultants) in overcoming
low adaptation rate of computer-based DSS and in connecting
research to practice. To avoid misuse of CAMDT, potential users are
encouraged to increase their understanding about crop simulation
models, probability, and climate forecasts. To overcome this
implementation problem of agricultural decision support systems
(i.e., Rossi et al., 2014), several training workshops were conducted
for potential users of CAMDT in the Philippines.

CAMDT is a desktop tool, unlike other web-based tools (e.g.,
AgroClimate). CAMDT is a standalone computer-based software
designed mainly for conducting scenario analyses given SCF.
However, under the Bicol Agri-Water Project (BAWP), which
CAMDT is being developed, a Knowledge Sharing Portal and Map-
room (KSPM; http://iridl.ldeo.columbia.edu/maproom/Water/
BAWKP/index.html) is also developed to disseminate higher-level
information that can support decision making at various levels.
General recommendations on farming options produced by oper-
ating CAMDT will be released to the public through KSPM.

Currently, CAMDT is being used to produce crop yield outlooks
for the Seasonal Climate Forecast and Extension Advisory (CLEA) in
the Bicol region, Philippines. CLEA is a two-page briefer that con-
tains six-month climate outlook for themunicipality and advisories
on recommendations for planting and harvesting windows, crops
or varieties to plant, and crop and water management practices
suitable to the climate outlook, as provided by the Philippine At-
mospheric, Geophysical and Astronomical Services Administration
(PAGASA). It is released every onset of cropping season and updated
on a monthly basis. Adoption and responses of farmers have been
monitored and in 2016 it was reported that a total of 474 farmers
and other stakeholders adopted CLEA as source of climate infor-
mation and extension advisories for decision making in their
farming activities.

Despite continuous efforts in developing better agricultural
DSSs, usefulness of the DSSs remains relatively low (Matthews
et al., 2008; McCown, 2002, 2012; Nguyen et al., 2007; Rossi
et al., 2014; Stone and Hochman, 2004). In Rossi et al. (2014) the
unsuccessful adoption of DSSs in agricultural community is
ascribed to the factors, “profitability, user-friendly design, time
requirement for DSS usage, credibility, adaptation of the DSS to the
farm situation, information update, and level of knowledge of the
user”. We tackled some of those issues, specifically pursuing a user-

http://iri.columbia.edu/our-expertise/climate/forecasts/seasonal-climate-forecasts/
http://iri.columbia.edu/our-expertise/climate/forecasts/seasonal-climate-forecasts/
http://iridl.ldeo.columbia.edu/maproom/Water/BAWKP/index.html
http://iridl.ldeo.columbia.edu/maproom/Water/BAWKP/index.html


Fig. 9. CAMDT simulation with different planting dates, DOY335 (P35F), DOY349 (P49F) and DOY365 (P65F), for a dry forecast (55% BN, 30% NN and 15% AN for DJF); a) box-plot of
yield forecasts, b) exceedance probability of yield forecasts, c) water stress, d) exceeding water stress threshold (ws ¼ 0.5). Note: dots to the left and dashed lines to the right panels
are yields/gross margins simulated by observed weather.
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friendly design, easiness of DSS operation and circumventing time-
consuming data processing and repetitive model simulations.

It is important to use CAMDT in an appropriate way and inter-
pret its outputs properly. CAMDT users should carefully examine if
CAMDT produces reasonable fluctuations in yield for past events,
specifically for seasons, which produced exceptionally low/high
yields. The user should interpret the simulated yield in relative
terms, not by deterministic values. In addition, CAMDT users should
fully understand the concept of probability density function or
cumulative distribution function to correctly interpret outputs of
CAMDT and suggest recommendations for farmers. Basic statistical
resources can help in understanding probability distributions (e.g.,
Haan, 2002).

CAMDT should be used mainly for exploring various options,
which meet stakeholder's needs rather than trying to find an
‘optimized’ solution. This is also proven as a key proposition for
successful implementation of a DSS in Hochman and Carberry
(2011). Actual decisions on farm management, cultivar selection
and how much risk/opportunities to take depend on the farmer,
while CAMDT remains as a tool to be used by a farmer adviser,
extension agent, agronomist, etc.

Nevertheless, it is always necessary to be cautious when deliv-
ering recommendations to farmers based on CAMDT by empha-
sizing the role of uncertainty. This could be associated with
unavailability of required data (e.g., weather, soil, crop cultivar,
scale, etc.). Lastly, it is important to note that crop growth and yield
are affected by other factors besides rainfall. In this study, we
considered only seasonal rainfall forecasts. If a target crop is sen-
sitive to temperature, it is also possible to link seasonal tempera-
ture forecasts with crop simulation models. Since DSSAT does not
simulate the effect of crop diseases, our future work includes
integrating a disease simulation model with DSSAT-CSM-Rice
model in order to take into account other critical factors. The cur-
rent version of CAMDT shows only yield-related DSSAT outputs and
water stress indices, but depending on users’ demands, it can
display other model outputs such as nitrogen loss or Leaf Area In-
dex (LAI), or soil water content.
7. Summary

We introduced a software framework, CAMDT (Climate Agri-
culture Modeling and Decision Tool), which is designed to guide
decision-makers in adopting appropriate crop and agricultural
water management practices that can improve crop yields for given
climatic conditions. CAMDT takes a seasonal climate forecast
released with one to three months of lead-time and links it to the
DSSAT-CSM-Rice model by downscaling to daily sequences of
weather data. This approach informs decision-making for selecting
agricultural management practices before or during the growing
season and thus CAMDT is a useful tool that can be utilized in
operational mode, especially in developing countries with high
vulnerability to climate extremes. Two different downscaling tools



Fig. 10. CAMDT test case with different planting dates, DOY335 (P35C), DOY349 (P49C) and DOY365 (P65C), for climatology (33% BN, 33% NN and 33% AN for DJF); a) box-plot of
yield forecasts, b) exceedance probability of yield forecasts, c) water stress, d) exceeding water stress threshold (ws ¼ 0.5). Note: dots to the left and dashed lines to the right panels
are yields/gross margins simulated by observed weather.
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are implemented with CAMDT: FResampler1 as a non-parametric
method and predictWTD as a parametric stochastic disaggrega-
tion method. The convenient graphical user interface of CAMDT
assists users to provide essential input for the DSSAT-CSM-Rice
model. Model-predicted yields based on seasonal climate fore-
casts are visualized through boxplots or exceedance probability
curves reflecting uncertainties in the yield forecast. In addition, by
providing expected cost and crop prices, users can perform simple
economic analyses to estimate gains or losses depending on their
management practices for a given SCF.

CAMDT is a practical tool, which connects seasonal climate in-
formation to a crop simulation model so that it can be applied for
better risk management in agriculture with real-world applica-
tions. CAMDT was developed using a free open-source program-
ming language, Python, and it can be easily customized for different
types of crops, soil and weather stations, as well as adding other
ways for visualizations or other functionalities if needed. CAMDT
can be also used for meaningful research purposes. For example,
the effects of different temporal downscaling methods (in this
study, FResampler1 vs. predictWTD), or choosing different rainfall
characteristics (i.e., rainfall amount, intensity or frequency) for
constraining predictWTD can be also tested with ease.
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A B S T R A C T

Seasonal climate forecasts (SCF) are produced operationally in tercile-probabilities of the most
likely categories, e.g., below-, near- and above-normal rainfall. Inherently, these are difficult to
translate into information useful for decision support in agriculture. For example, probabilistic
SCF must first be downscaled to daily weather realizations to link with process-based crop
models, a tedious process, especially for non-technical users. Here, we present two approaches for
downscaling probabilistic seasonal climate forecasts – a parametric method, predictWTD, and a
non-parametric method, FResampler1, and compare their performance. The predictWTD, which
is based on a conditional stochastic weather generator, was found to be not very sensitive to types
of rainfall information (amount, frequency or intensity) in constraining or conditioning the
stochastic weather generator, but conditioning the stochastic weather generator on both rainfall
frequency and rainfall intensity had distorted the distribution of the downscaled seasonal rainfall
total. Both predictWTD and FResampler1 are sensitive to the length of climate data, especially for
a wet SCF; climate data longer than 30 years was found suitable for reproducing the theoretical
distribution of SCF. FResampler1 performed well as predictWTD in downscaling probabilistic
SCF, however, it requires the generation of more realizations to ensure stable simulations of the
seasonal rainfall total distributions.

1. Introduction

With new advances in seasonal climate predictions, there had been many efforts on the use of seasonal climate forecasts for risk
management in agriculture and food security. Here, crop models play an important role because of the non-linearity in crop-weather-
nutrient relations (Hansen, 2005; Hansen et al., 2006; Hansen et al., 2011; Wetterhall et al., 2015). Typically, seasonal climate
forecasts (SCF; here, rainfall) are predicted shifts in the probability density function (PDF) of seasonal rainfall totals relative from
climatology (Kumar, 2010), which are commonly expressed in tercile probability format (i.e., probabilities of below-normal (BN),
near-normal (NN) and above-normal (AN) rainfall categories). Linking this probabilistic information with crop models requires
translation to standard weather formats. Crop growth and development involve complex, non-linear processes that meteorological
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inputs at seasonal means could not describe, and that disaggregating SCF temporally is warranted.
Fig. 1 illustrates an example of an SCF application in Bicol province, Philippines, predicting yields when no forecast information is

available. Most of the areas in the Philippines receive higher rainfall during La Niña events (Jose et al., 1999; Mason and Goddard,
2001). The figure illustrates that crop yield predictions based on a wet SCF due to a La Niña event in 2009 provides a better yield
prediction accuracy at longer lead-times than relying only on climatology. Early in the growing season, there is a high uncertainty in
predicted yields mainly due to uncertainty in climate (JFM). As new SCF becomes available (FMA), observed weather can now be
used for simulations until January, which significantly reduces the uncertainty in predicted crop yields. More accurate yield pre-
dictions with lesser uncertainty are observed at the end of the growing season as majority of the weather inputs are now observed,
with some advantage from SCF information. Knowing more accurate yield forecasts and related uncertainties at longer lead times
could inform farmers’ decisions on cultivar and crop type selection, nutrient, water and pest management, harvest logistics and
insurance, in advance. Food policy research can also benefit from this kind of forecast information. Note here that we focus only on
uncertainty from unknown future climate/weather conditions.

Stochastic temporal downscaling methods e.g., weather generators, have been widely used to generate synthetic daily weather
sequences given a SCF (usually, based on the median of the forecast). Stochastic weather generators have been developed as
parametric or non-parametric models. Parametric methods include WGEN of Richardson (1981) that evolved to many variations e.g.,
Wilks (2002), Hansen and Ines (2005), Verdin et al. (2015) and Kim et al. (2016), among others. Non-parametric methods are mainly
based on resampling approaches e.g., k-nearest neighbors of Rajagopalan and Lall (1999), Buishand and Brandsma (2001), Yates
et al. (2003) and Clark et al. (2004), among others. Apipattanavis et al. (2010) combined parametric and non-parametric methods to
address the shortcomings of each method.

In this paper, we compare two methods for downscaling probabilistic seasonal climate forecasts, a parametric method called
predictWTD (Ines and Han, 2014) and a non-parametric method called FResampler1 (Ines, 2013). Recently, they were applied to
investigate impacts of SCFs on crop yield and irrigation requirements in the Iberian Peninsula (Capa-Morocho et al., 2016). Here, we
evaluate the performance of the two methods in downscaling SCF and investigate their sensitivities to several factors e.g., i) type of
rainfall characteristics (rainfall total amount, frequency or intensity) used to parameterize the stochastic weather model for down-
scaling SCF (for predictWTD), ii) length of observed weather data, and iii) number of realizations or sampling sizes (for both pre-
dictWTD and FResampler1). Our evaluation focuses on comparing seasonal rainfall distribution of a given SCF with the empirical
distribution of reproduced seasonal rainfall by the downscaling methods. We conducted our study in two locations of contrasting
climatic conditions, in semi-arid Kenya and, in humid tropical Philippines.

2. Methods

2.1. Parametric method: predictWTD

The parametric method, predictWTD (Ines and Han, 2014), is based on stochastic disaggregation using a conditional stochastic
weather generator (Hansen and Ines, 2005; Ines et al., 2011). The conditional stochastic weather generator disaggregates monthly
rainfall to daily weather sequences that preserve monthly rainfall statistics. Since a typical seasonal climate forecasts are provided for

Fig. 1. Rice yields predicted at different lead-times in Bicol province, Philippines in 2009 dry season. Note: Dotted horizontal line is the yield simulated with actual
weather. For MAM season yield box-plots, February and earlier months are already observed. JFM – Jan-Feb-Mar season; FMA – Feb-Mar-Apr season; MAM –Mar-Apr-
May season. F and C in parenthesis represent simulations based on wet seasonal climate forecast and climatology, respectively. Dashed line is simulated yield with
actual observed weather.
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the coming three months e.g., JFM, additional steps are required before we can downscale the SCF: i) determine representative
seasonal deviates (here, seasonal rainfall total) from quantiles of the given SCF probability curve, and ii) derive monthly rainfall
amounts from the seasonal deviates. Here, we describe the kernel of predictWTD, the stochastic disaggregation method based on
Hansen and Ines (2005).

The stochastic weather generator in predictWTD simulates rainfall occurrence using a two-state second-order hybrid Markov
model (Hansen and Mavromatis, 2001). A first-order chain is applied if the previous day is wet (e.g., a transition probability of P11, if
wet day following a wet day), and a second-order chain is applied if the previous was dry (e.g., a transition probability of P101 or P001)
(Stern and Coe, 1984; Wilks, 1999). If the Markov model determines a wet day, a rainfall amount is sampled from a hyper-ex-
ponential distribution.

Rainfall amount can be characterized by rainfall intensity and rainfall frequency (Eq. (1)):

= ×R π μm (1)

where, Rm, π and μ are rainfall amount (mm day−1), frequency (wet-day day−1) and intensity (mm wet-day−1) in a given month,
respectively. Similar amounts of rainfall can be generated with different frequencies and intensities, which may generate different
crop simulation results (Baron et al., 2005; Ines et al., 2011; Mishra et al., 2013). Using the mass conservation in Eq. (1), we can
condition the stochastic model on different combinations of rainfall characteristics to generate daily rainfall sequences: i) matching
Rm forecast only, i.e., π and μ are based on climatology; ii) conditioning by π forecast only, ′ = ′π R /μm , i.e. ′Rm is from forecast, and μ
from climatology; iii) conditioning by μ forecast only, ′ = ′μ R /πm , i.e., ′Rm is from forecast and π from climatology; iv) matching Rm

forecast while conditioning π forecast; v) matching Rm forecast while conditioning μ forecast; and vi) conditioning both π and μ
forecasts. Details of the adjusted models above can be found in Hansen and Ines (2005).

Several studies (e.g., Ines and Hansen, 2006; Hansen et al., 2009) used forecasts of rainfall frequency or intensity using model
output statistics or bias-corrected from a general circulation model (GCM) prediction. Typical operational seasonal climate forecasts
(e.g., IRI, NOAA or UK MET office) are provided as tercile probabilities of rainfall total. Rainfall frequency, oftentimes, is more
predictable than rainfall total (Moron et al., 2007). Therefore, we tested predictWTD to downscale rainfall using other components of
rainfall total, i.e., frequency and intensity. It is important to understand how predictWTD behaves when it is conditioned on different
seasonal forecast information because forecasting skill of rainfall characteristics (i.e., rainfall total or frequency or intensity) can vary
from region and season. As mentioned, rainfall frequency is more predictable than rainfall total in some parts of the tropics (Koide
et al., 2013; Maldonado et al., 2013; Moron et al., 2007). Seasonal rainfall total can remain noisy because of the impact of occasional
extreme events, even over relatively longer aggregating periods, such as the three-month seasons, typically used in seasonal fore-
casting.

2.1.1. Estimating monthly rainfall amount from an SCF
The stochastic weather generator of Hansen and Ines (2005) was designed to reproduce monthly climatic targets. However, most

SCF are provided at a seasonal time scale (e.g., 3-month). Therefore, it is required to derive monthly rainfall amounts from the SCF for
each month of the target season. To achieve this, the SCF’s theoretical cumulative distribution function (CDF) is first established. The
SCF’s theoretical CDF is a weighted CDF of the climatology of that season, as shown in Fig. 2. Based on the SCF curve, one can extract
any deviate for downscaling. Traditionally, the median of the SCF is being used (Fig. 2a; e.g., Hansen and Ines, 2005; Hansen and
Indeje, 2004). In predictWTD, we select 10 deviates from the forecast CDF curve to represent the full distribution of the SCF, at F(x)
= 0.05, 0.15, 0.25,…, 0.95) (Fig. 2b). One can sample the forecast CDF as needed. Once a seasonal rainfall total (F−1(x)) is de-
termined, the respective monthly rainfall amounts, say for January, February and March from JFM season, are estimated by using the
proportions of each month’s average total rainfall to the climatology of the target season. Downscaling a full distribution (rather than
a median) of the SCF is the major improvement of predictWTD from the conditional stochastic weather generator of Hansen and Ines
(2005).

Fig. 2. Derivation of monthly rainfall forecast from a CDF of a given SCF (BN: 20%, NN: 30%, AN: 40%): (a) selecting a median seasonal rainfall, (b) selecting 10
representative target seasonal rainfall totals.
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2.1.2. Downscaling scenarios in predictWTD
In predictWTD, we used the two approaches described above to generate daily weather realizations: i) adjusting model input

parameters, and ii) constraining generated rainfall output realizations. We tested how these different approaches affect the perfor-
mance of predictWTD in reproducing seasonal rainfall distributions.

The first downscaling approach was implemented in three different ways. Using rainfall frequency, we can adjust transition
probabilities to match the target rainfall frequency. This case is called frequency only (π-only). Similarly, we can adjust parameters of
the hyper-exponential distribution to match the target rainfall intensity and this case is called intensity only (μ-only). If both fre-
quency and intensity are adjusted at the same time, we called this case frequency and intensity (π-μ).

The second approach includes constraining the total rainfall amount by iteratively generating daily rainfall sequences until
generated monthly rainfall total matches 95% of the target rainfall amount. The generated daily rainfalls are then scaled to match the
target monthly rainfall. We called this case rainfall amount only (Rm-only). In addition, we can combine the two approaches by
selecting rainfall amount and frequency (Rm – π) or amount and intensity (Rm – μ) at the same time. In these cases, adjusting input
parameters precedes the procedure of constraining the generated rainfall amount.

2.2. Non-parametric method: FResampler1

A non-parametric downscaling approach called FResampler1 (Ines, 2013) is used to disaggregate a SCF to daily weather reali-
zations. The FResampler1 is based on the concept of ‘conditional block sampling’ of weather data conditioned on the probabilities of
BN:NN:AN from the tercile forecast (Fig. 3). This method randomly samples a block of daily time-series of weather data for a target
season from historical observations conditioned on those tercile probabilities. Sampling is done with replacement. FResampler1

Fig. 3. Schematic of FResampler1 workflow (Capa-Morocho et al., 2016).
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preserves the covariance between rainfall and other weather variables, e.g., minimum and maximum temperature and solar radiation
in a particular day.

The non-parametric resampling method does not require any assumptions on the distribution of rainfall amount (e.g., gamma
distribution in Coe and Stern (1982), exponential in Todorovic and Woolhiser (1975) and Stern (1982), lognormal in Swift and
Schreuder (1981) or hyper-exponential distribution in Hansen and Ines (2005) as used in predictWTD). Thus, the parameters of a
parametric model do not need to be estimated. This kind of non-parametric downscaling approach is preferred by some who are not
comfortable with prior assumptions on the probability density functions or dependence of target variables (Lall and Sharma, 1996).
In addition, resampling approaches do not necessarily consider precipitation as a main driving variable unlike other stochastic
approaches which simulate rainfall occurrence (wet or dry day) independently and then other variables are simulated conditioned on
wet/dry condition of the day (Rajagopalan and Lall, 1999)

Although the concept of resampling is not totally new, to our knowledge, block resampling has not been applied to link a
probabilistic SCF to crop models for agricultural climate risk management. Despite its simplicity, it is worth investigating its per-
formance in generating daily weather sequences conditioning on a probabilistic SCF, and studying its requirements for successful
implementation. Block resampling approach can be extended easily for temperature forecast, which is critical for irrigated lowland
rice farming.

2.3. Data for downscaling

We evaluated the performance of the two downscaling methods in two regions under contrasting climatic conditions: semi-arid
area in Kenya and tropical humid area in the Philippines (Fig. 4).

For Kenya case, we used weather data (1959–2004) from National Dryland Farming Research Center at Katumani (1°35′ S and
37°14′ E) for analysis (Hansen and Indeje, 2004; Ines and Hansen, 2006; Keating et al., 1990). Rainfall has a bimodal distribution
(Fig. 5a). We focused our analysis during the ‘short-rains’ growing season. For downscaling, we used a somewhat wet forecast (25%
BN, 35% NN and 40% AN) for Dec-Jan-Feb season released in November for 2002, and a dry forecast (45% BN, 35% NN and 20% AN)
for the same season and lead-time in 2013 based on IRI Net Assessment Seasonal Climate Forecast (http://iri.columbia.edu). For
completeness, a hypothetical somewhat neutral-favored forecast (30% BN, 40% NN and 30% AN) was also tested.

For Philippines case, we used weather data (1976–2009) from PAGASA’s Pili station (13°34′ N and 123°15′ E) in Bicol region for
analysis. Rainfall regime is characterized by no pronounced dry season. We focused our analysis during the second cropping season,
Jan-May. We used a very wet forecast (3.75% BN, 13.38% NN and 82.86% AN) due to La Niña and a dry forecast (40.8% BN, 33.7%
NN and 25.5% AN) due to El Niño for JFMAM season in 2009 and 2010, respectively, based the IRI’s Climate Predictability Tool

Fig. 4. Map of Study Sites.

Fig. 5. Monthly average maximum and minimum temperature (Tmax and Tmin) and precipitation (PCP) observed at (a) Katumani, Kenya and (b) Pili, Philippines.
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(CPT) (Mason and Tippett, 2017) forecast tailored for the Bicol region (Lyon and Ines, 2014). Again, a neutral-dominated forecast
(30% BN, 40% NN and 30% AN) was also included in the analysis.

2.4. Analyses

We tested the statistics by comparing two seasonal rainfall distributions: theoretical distribution of a given probabilistic SCF and
distribution of reproduced seasonal rainfall by either predictWTD or FResampler1.

Before determining which statistical test to use for comparing the theoretical forecast CDF curve and CDF of downscaled SCF, we
checked for normality of the distributions. The appropriate method for normality test can vary from sample sizes. Following
Haslwanter (2016), we applied Shapiro-Wilk test (Shapiro and Wilk, 1965) with smaller (< 50) sample size, Kolmogorov-Smirnov-
test (Chakravarti and Laha, 1967) with larger (> 300) sample size, and Lilliefors test (Lilliefors, 1969) for intermediate sample size.
For example, in the case of Katumani site (KATU) weather data, the hypothesis that a sample comes from a normal distribution was
rejected at 5% significance, except for small sample size (< 50). Almost all the distributions of the seasonal rainfall in this study were
not normally distributed. Therefore, we resorted to a non-parametric test, Mann–Whitney–Wilcoxon (MWW) test (Mann and
Whitney, 1947) (rather than t-test for normally-distributed samples) for hypothesis tests for mean values of two different groups (i.e.,
H0: =μ μ1 2). Each empirical distribution of reproduced seasonal rainfall is compared with the reference distribution, theoretical
distribution based on a given probabilistic SCF. Secondly, in order to test if two samples have equal variances (i.e., H0: =σ σ1 2),
Levene test (Levene, 1960) was used because it is less sensitive to non-normality of the samples. Lastly, two-sample Kolmogorov-
Smirnov (KS) test (Chakravarti and Laha, 1967) was used to test a null hypothesis that two samples come from the same distribution.

We performed several sensitivity tests of predictWTD and FResampler1 for downscaling SCF. First, we tested the sensitivity of
predictWTD to different types of rainfall information (total amount, frequency and intensity). Second, we tested the sensitivities of
both methods to length of observed weather records. And lastly, we tested their sensitivities to number of realizations.

3. Results and discussion

3.1. Sensitivity of predictWTD to types of rainfall information

We tested how the predictWTD performs differently under six different disaggregation methods as explained in Section 2.1.2: 1)
π-only (conditioning on rainfall frequency), 2) μ-only (conditioning on rainfall intensity), 3) π-μ (conditioning on both rainfall
frequency and intensity), 4) Rm-only (constraining total rainfall amount), 5) Rm – π (conditioning on rainfall frequency and also
constraining total rainfall), and 6) Rm – μ (conditioning on rainfall intensity and also constraining total rainfall). This section shows
the results of sensitivity test of predictWTD to downscale the full distribution of a seasonal climate forecast (SCF).

When 10-representative seasonal rainfall totals were selected for temporal downscaling from the climate forecast’s CDF curve, the
downscaled rainfall distributions lay nearer with the theoretical CDF curves in both PILI and KATU sites (Fig. 6) (compared with
selecting only median of SCF distribution (not shown)). Analysis showed that all means of the distributions are statistically the same.
Except for the case of π-μ, the variances and distributions of the downscaled SCF are also statistically the same (Tables 1 and 2).
Tables 1 and 2 suggest that downscaling representative seasonal rainfall deviates from a CDF can better reproduce the theoretical
seasonal rainfall distribution from a given SCF than by downscaling only the median of the forecast (not shown).

Using both frequency and intensity (π-μ) to condition downscaling of the SCF distorted the seasonal rainfall total distribution
significantly. When frequency and intensity are estimated from climatological means (i.e., ′ = ′π R /μm and ′ = ′μ R /πm ), the product of
those can result to highly over-estimated total rainfall amounts ′ = ′ × ′(R μ π )m especially when sampled at the extreme right of the
distribution (95% probability; Fig. 2). Some caution therefore is needed when using both frequency and intensity parameters for
downscaling SCF.

Fig. 6. Forecasted and predictWTD-modeled seasonal rainfall distribution by selecting 10 representative seasonal rainfall as target rainfalls: (a) wet forecast, PILI for
JFMAM, 2009 (3.7%:13.4%:82.9% for BN:NN:AN) and (b) wet forecast, KATU for DJF, 2003 (25%:35%:40% for BN:NN:AN).
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In general, downscaled rainfall realizations have reproduced the means and variances of the theoretical distributions well (wet,
dry and neutral forecasts) in both PILI and KATU sites, except for some cases in π-μ downscaling. This result supports the use of the
full distribution of forecasts instead of selecting only median of the SCF distribution for climate risk management. The predictWTD
tool bridges this gap as it automatically downscales the full distribution of the SCF.

3.2. Sensitivity to data volume for predictWTD and FResampler1

Synthetic daily weather realizations are generated from the SCF based on long-term observations. This provides some important
information about local climatic conditions, including seasonality and monthly characteristics of rainfall. Parameters of the stochastic
models in predictWTD are determined from observed data. In FResampler1, the length of the observed data determines the size of the
sampling pool. Therefore, securing longer observed weather data is highly recommended but in reality they are not always available,
especially in developing countries. Here, we tested the sensitivity of two temporal downscaling methods (predictWTD and
FResampler1) to data volume (i.e., length of weather observations) by sampling the number of observed years from the original
34 years, in PILI, and 45 years, in KATU, to several shorter periods (e.g., recent 10, 15, 20, 25 years etc.).

3.2.1. predictWTD
The sensitivity analysis of predictWTD to data volume was done separately for three different types of rainfall information: 1)

constraining total rainfall amount (Rm-only), 2) conditioning stochastic model parameters on frequency (π-only) and 3) conditioning
stochastic model parameters on mean rainfall intensity (μ-only). From findings in Section 3.1, combinations of amount and frequency
(Rm – π) or amount and intensity (Rm – μ) are expected to behave similarly in terms of reproducing the seasonal rainfall total
distribution as the case of Rm-only, thus not tested here.

In PILI site, using the wet forecast, all downscaling cases reproduced equal means with the theoretical forecast distribution
(Table 3). Except for π-only case with 20 years of data, the downscaled distributions produced similar variance as the theoretical
distribution. While 10 years data was not enough to reproduce the theoretical SCF curve with Rm-only, the rest of the KS tests suggest
equality of distributions across time periods. When the predictWTD was conditioned on mean intensity (μ-only), all test statistics
support equality of mean, variance and distribution. Some similarity of results was found when downscaling dry and neutral forecasts
(shown in Appendix Table A). With the dry forecast, 10 years data was rejected from reproducing equal variance, but in this case,
with μ-only. With the neutral forecast, only 10 years was rejected for some of the hypotheses, in all downscaling cases.

Table 1
Test-statistic (p-value) of comparing mean, variance and distribution using MWW, Levene and KS, respectively for PILI.

Forecast (BN:NN:AN) Rm-only Rm – π Rm – μ π-μ π-only μ-only

Wet (3.7:13.4: 82.9) 0.927 0.841 0.874 0.075 0.427 0.361 MWW
0.935 0.953 0.964 0.000 0.739 0.798 Levene
0.966 0.966 0.966 0.010 0.214 0.214 KS

Dry (40.8:33.7:25.5) 0.455 0.386 0.436 0.304 0.275 0.71 MWW
0.802 0.737 0.715 0.047 0.926 0.612 Levene
0.997 0.966 0.966 0.003 0.987 0.441 KS

Neutral (30:40:30) 0.366 0.339 0.344 0.702 0.249 0.389 MWW
0.582 0.637 0.622 0.016 0.665 0.338 Levene
0.99 0.969 0.969 0.078 0.62 0.535 KS

*Note: P-value below 5% level of significance is shown in bold, which indicates rejection of test hypothesis.

Table 2
Test-statistic (p-value) of comparing mean, variance and distribution using MWW, Levene and KS, respectively for KATU.

Forecast (BN:NN:AN) Rm-only Rm – π Rm – μ π-μ π-only μ-only

Wet (25:30:45) 0.930 0.896 0.957 0.934 0.493 0.148 MWW
0.393 0.350 0.332 0.000 0.072 0.161 Levene
0.323 0.260 0.323 0.035 0.206 0.323 KS

Dry (45:35:20) 0.957 0.94 0.961 0.216 0.793 0.534 MWW
0.848 0.87 0.914 0.021 0.307 0.574 Levene
0.864 0.945 0.923 0.064 0.601 0.428 KS

Neutral (30:40:30) 0.927 0.873 0.9 0.809 0.693 0.458 MWW
0.949 0.98 0.932 0.003 0.732 0.467 Levene
0.951 0.923 0.895 0.17 0.964 0.424 KS

*Note: P-value below 5% level of significance is shown in bold, which indicates rejection of test hypothesis.
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While in KATU site, also using a wet seasonal forecast, all data periods and downscaling cases have produced statistically similar
means, except for the case of π-only, with 25 years of data. However, equality of variance and distribution were rejected for some
cases, mostly for shorter periods (10 and 15 years) and in the case of π-only (Table 3). It seems that in KATU ′ = ′π R /μm , less than
20 years is not long enough to build appropriate parameters for the stochastic models in predictWTD. In KATU site, predictWTD is
sensitive to data volume, especially for the case of π-only. Adjusting frequency parameters conditioned on the forecasted rainfall
amount may attribute too much of the variability of rainfall total to frequency and too little to intensity (Hansen and Ines, 2005).
When climatological values of intensity in the equation, were estimated inappropriately with limited observations, the adjusted
frequency parameters can distort rainfall total. As shown in Fig. 7d, the reproduced rainfall distribution from shorter observations
overestimated the left and right tails of the theoretical forecast distribution and underestimated its centroid. This sensitivity to data
volume and frequency parameter adjustment (π-only) was not observed in PILI. In semi-arid area like KATU, adjusting frequency
parameters may generate too many small amounts of rainfall (overestimation of the left tail of the distribution).

However, downscaling a dry forecast in KATU site showed lesser sensitivity on the data volume. Downscaling with only 10 years
data rejected few null hypotheses – equal distribution in case of Rm-only, and equal variance in case of π-only, as shown in Annex
Table A. With the neutral forecast, only Levene test (equal variance) was rejected with 10 years of data in case of π-only (Table B).

3.2.2. FResampler1
Since length of observed records determines the size of the sampling pool for FResampler1, it is important to test sensitivity to

data volume. In PILI, downscaling dry and neutral forecast were not sensitive to data volume. None of the null hypotheses was
rejected in downscaling a dry forecast, and only the hypothesis of equal variance was rejected with 15 years data when downscaling a
neutral forecast (Annex Tables C and D).

However, with the wet forecast, the hypothesis of equal mean and distribution is rejected for shorter than 25 years of data in PILI
(Table 4). Theoretical variance can be reproduced for any data volume. Note here that 300 realizations were used with FResampler1
due to possibility of unstable results with smaller sampling pool (see Section 3.3). As Fig. 8a shows, when recent 10 years of ob-
servations are used as the size of the sampling pool, the wetter region of the SCF cannot be represented properly. This is because
JFMAM seasonal rainfalls in PILI had lesser frequent above-normal rainfall in the recent 10–20 years compared with long-term
observations. Therefore, if a station has a high inter-annual variability like PILI, it is recommended to have at least 25 years of
observations to be able to use a non-parametric model like FResampler1 for temporal downscaling of a SCF. In addition, when
different epochs (e.g., 1976–1985 vs. 1986–1995) were selected with PILI data, the test statistics results (equal mean/variance/same
distribution) tend to be very sensitive for a chosen period, especially with lesser number of years (not shown). Climate variability may
impact FResmpler1’s performance, and long-term observations, which can fully reflect climate variability is more suitable for the use
of FResampler1.

Similar results in PILI site were found for KATU site. Downscaling dry and neutral forecasts showed lesser sensitivity to data
volume – only KS and Levene tests were rejected with 10 years of data for downscaling dry and neutral forecasts, respectively (Annex

Table 3
Test-statistics (P-value) of predictWTD compared with theoretical distributions for different data volume (wet forecast).

Type of rainfall information 10 yrs 15 yrs 20 yrs 25 yrs 30 yrs 34 yrs

(’99–’08) (’94–’08) (’89–’08) (’84–’08) (’79–’08) (’75–’08)

PILI Rm-only 0.110 0.608 0.316 0.565 0.503 0.619 MWW
0.738 0.778 0.222 0.083 0.995 0.984 Levene
0.004 0.212 0.062 0.318 0.716 0.966 KS

π-only 0.948 0.932 0.857 0.706 0.188 0.220 MWW
0.352 0.254 0.032 0.103 0.912 0.810 Levene
0.961 0.627 0.695 0.627 0.171 0.063 KS

μ-only 0.637 0.990 0.749 0.572 0.124 0.301 MWW
0.123 0.036 0.143 0.143 0.951 0.353 Levene
0.309 0.446 0.609 0.627 0.214 0.171 KS

Type of rainfall information 10 yrs 15 yrs 20 yrs 25 yrs 30 yrs 45 yrs

(’94–’03) (’89–’03) (’84–’03) (’79–’03) (’74–’03) (’59–’03)

KATU Rm-only 0.650 0.098 0.125 0.394 0.104 0.265 MWW
0.021 0.013 0.196 0.376 0.095 0.388 Levene
0.289 0.017 0.077 0.611 0.104 0.519 KS

π-only 0.603 0.551 0.153 0.028 0.147 0.265 MWW
0.005 0.001 0.017 0.135 0.010 0.128 Levene
0.121 0.017 0.083 0.072 0.021 0.125 KS

μ-only 0.521 0.070 0.468 0.945 0.660 0.422 MWW
0.118 0.008 0.325 0.097 0.225 0.142 Levene
0.168 0.013 0.396 0.260 0.660 0.206 KS

*Note: P-value below 5% level of significance is shown in bold, which indicates rejection of test hypothesis.
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Table 4
Test-statistic (p-value) of FResampler compared with theoretical distributions for different data volume (wet forecast with 300 realizations).

10 yrs 15 yrs 20 yrs 25 yrs 30 yrs 34 yrs

(’99–’08) (’94–’08) (’89–’08) (’84–’08) (’79–’08) (’75–’08)

PILI 0.000 0.003 0.031 0.079 0.215 0.434 MWW
0.557 0.952 0.067 0.259 0.284 0.964 Levene
0.000 0.000 0.009 0.115 0.663 0.851 KS

10 yrs 15 yrs 20 yrs 25 yrs 30 yrs 45 yrs

(’94–’03) (’89–’03) (’84–’03) (’79–’03) (’74–’03) (’59–’03)

KATU 0.142 0.107 0.100 0.251 0.227 0.394 MWW
0.024 0.082 0.747 0.046 0.163 0.123 Levene
0.109 0.046 0.152 0.043 0.298 0.356 KS

Fig. 7. predictWTD-generated seasonal rainfall distribution (wet forecast) with different data volume in PILI (left column) and KATU (right column):1) constraining
rainfall total (a, b), 2) conditioning on rainfall frequency (c, d), and 3) conditioning on average rainfall intensity (e, f).
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Tables C and D). However, with the wet forecast, observations less than 25 years could not reproduce the theoretical distribution
(Table 4). The hypotheses of equal means are accepted for any lengths of observations, but equality of variances and similarity of
distributions are rejected for some epochs (Table 4 and Fig. 8b). Similar to PILI, the results of KATU show that observations longer
than 30 years are required. In summary, resampling-based downscaling approach is more sensitive to the length of rainfall ob-
servations when downscaling a wet forecast than with dry or neutral forecast.

3.3. Sensitivity to number of realizations

Stochastic models require certain number of realizations to represent a statistical distribution. Usually, we expect more stable
solutions with larger number of realizations, but at what expense? In this section, the sensitivity of the two downscaling methods to
number of realizations is described. Tested number of realizations includes 30, 50, 100, 200, 500 and 1000.

3.3.1. predictWTD
As in Section 3.2.1, the sensitivity of predictWTD to number of realizations was tested separately for three different types of

rainfall information (i.e., Rm-only, π-only and μ-only). The predictWTD was not too sensitive for the range of number of realizations
tested, both for PILI and KATU sites (Table 5 and Fig. 9). For instance, with wet forecast, all statistical tests, MWW, Levene and KS test
failed to reject the hypotheses of equality of means, variances and distributions at 5% significance level against the test distributions
(Table 5). Similar results were observed when downscaling dry and neutral seasonal forecasts, both in PILI and KATU (not shown).
The predictWTD can reproduce similar seasonal rainfall distribution with the theoretical one, regardless of number of realizations.

3.3.2. FResampler1
FResampler1 is more sensitive to number of realizations. Smaller number of realizations could not select all available samples and

thus statistical results of MWW, Levene and KS test varied with different trials. Therefore, we repeatedly applied the FResampler1 200

Fig. 8. FResampler-generated seasonal rainfall distribution (wet forecast) with different data volume: (a) PILI and (b) KATU.

Table 5
Test-statistics (P-value) of predictWTD compared with theoretical distributions for different number of realizations (wet forecast).

Type of rainfall information Number of realizations

30 50 100 200 500 1000

PILI Rm-only 0.853 0.856 0.841 0.827 0.873 0.833 MWW
0.584 0.621 0.640 0.591 0.532 0.552 Levene
0.397 0.265 0.164 0.117 0.090 0.082 KS

π-only 0.568 0.530 0.608 0.617 0.445 0.583 MWW
0.146 0.763 0.967 0.176 0.785 0.238 Levene
0.432 0.757 0.855 0.571 0.661 0.504 KS

μ-only 0.907 0.907 0.845 0.779 0.693 0.577 MWW
0.109 0.429 0.129 0.143 0.176 0.180 Levene
0.414 0.996 0.682 0.402 0.542 0.425 KS

KATU Rm-only 0.927 0.932 0.951 0.908 0.933 0.926 MWW
0.836 0.750 0.667 0.686 0.626 0.628 Levene
0.998 0.989 0.959 0.971 0.961 0.943 KS

π-only 0.774 0.884 0.786 0.608 0.564 0.864 MWW
0.760 0.413 0.535 0.581 0.534 0.454 Levene
0.577 0.672 0.341 0.796 0.497 0.808 KS

μ-only 0.350 0.191 0.528 0.543 0.306 0.286 MWW
0.838 0.790 0.595 0.969 0.739 0.595 Levene
0.498 0.361 0.274 0.444 0.381 0.161 KS
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times for each target number of realizations to minimize this sampling drift. As Fig. 10 shows, the range of reproduced distributions
with 30 realizations has a wider spread than the ones with 1000 realizations (PILI site, with wet forecast). Table 6 shows that 2.5% (5
out of 200 simulations) of reproduced distributions rejected the hypothesis of, equality of means and variance in the case of 30
realizations when wet seasonal forecast was downscaled at PILI site. Even though a certain number of realizations produced different
sets of weather realizations (i.e., clouds of CDF curves around the theoretical distribution in Fig. 10), the hypothesis of equality of
means and variance were accepted for all simulations if the number of realizations are greater than 50 (Table 6). However, 0.5% of
simulations still rejected hypothesis of the KS test (similar distributions) even with 300 realizations. This suggests that, in PILI site,
more than 300 realizations is required to reproduce a theoretical distribution if a very wet forecast is downscaled. However, when a
dry or neutral forecast was tested, none of the null hypotheses were rejected, showing insensitivity to number of realizations. This
suggests some interactions on the statistical characteristics of rainfall distribution as affected by extremely wet rainfall events in a
humid climate represented by the PILI site. Thus, a larger number of samples (e.g., greater than 300 in this study) is required for a
more robust analysis.

In KATU, however, there were no downscaling results for any types of SCF (dry, neutral or wet), which rejected any hypothesis
test (MWW, Levene and KS test) even with smaller number of realizations (results are not shown). Smaller number of realizations
generated larger spread of distributions than larger number of realizations, similar to Fig. 10 for PILI, but none of them rejected any
hypothesis. In KATU, the FResampler1 is not sensitive to number of realizations. This could be because KATU has longer observations
(45 years compared to 34 years in PILI) and lesser year-to-year variability in seasonal rainfall than the PILI site. KATU site has a dryer
climatology.

Fig. 9. predictWTD-generated seasonal rainfall distributions (wet forecast) with different number of realizations in PILI (left column) and KATU (right column): 1)
constraining rainfall total (a, b), 2) conditioning on rainfall frequency (c, d), and 3) conditioning on average rainfall intensity (e, f).
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4. Summary and conclusions

Two stochastic temporal downscaling methods (a parametric, predictWTD and a non-parametric, FResampler1) were developed
and compared in this study using weather data from two contrasting climatic regions. FResampler1 is a simple downscaling approach,
but in general, can perform well as the parametric method, predictWTD although it requires some caution for applications due to its
sensitivity to data volume and number of realizations, especially with a very wet forecast. Daily weather sequences from FResampler1
can capture seasonality and temporal correlation structure of data, but tercile-category discretization of forecast CDF is still rather
crude (because of the nature of probabilistic SCF). FResampler1 is sensitive to data availability. Downscaled daily weather sequences

Fig. 10. FResampler1-generated seasonal rainfall distributions (wet forecast) with different number of realizations for PILI site.

Table 6
Number of simulations of which hypothesis test was rejected with wet forecast in PILI site.

Number of realizations MWW Levene KS test

30 5 5 8
50 0 0 7
100 0 0 3
200 0 0 4
300 0 0 1
500 0 0 0
1000 0 0 0

*Note: simulation was repeated 200 times.
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can be influenced by a few extreme years if the size of the sampling pool is not large enough. Therefore, adequate length of data (at
least 30 years) is required to rebuild the forecast CDF close to the theoretical distribution. FResampler1 is also sensitive to number of
realizations, especially if the local seasonal rainfall has a high year-to-year variability like PILI, thus requires adequate number of
realizations (> 300 in case of PILI) to obtain a more stable rainfall distributions of a given SCF. The non-parametric downscaling
method we used in this study can be further improved by expanding sampling window (e.g., sampling season ± n days) or adopting
k-NN method (i.e., resampling based on nearest analogue years).

The parametric stochastic downscaling method, predictWTD was found to be not too sensitive to number of realizations (for both
PILI and KATU sites). However, it is sensitive to length of observed data (i.e., number of observation years). In PILI site, more than
20 years of data could reproduce statistically similar mean, variance and distribution of the theoretical distribution of a given wet SCF
(although dry or neutral forecast allowed lesser number of observations). In KATU site, more than 30 years of data was needed not to
reject the null hypothesis of equality of mean, variance and distribution in case of wet forecast. Especially when the stochastic model
in predictWTD was conditioned on rainfall frequency alone, it required longer periods of observations than constraining on rainfall
amount or conditioning on intensity. Traditional practice uses one representative value for downscaling (either mean or median), but
our analysis suggests that sampling the SCF curve will result in rainfall realizations that represent better the full distribution of the
SCF. The tools, predictWTD and FResampler1, can bridge this gap as they downscale the probabilistic SCF on the fly.

The temporal downscaling tools introduced in this study are very critical components in applying seasonal climate information for
planning strategic and tactical decisions in crop production. The downscaled SCF can be linked with process-based crop simulation
models, such as Decision Support System for Agro-technology Transfer (DSSAT) or Agricultural Production Systems sIMulator
(APSIM) to develop tailored information for decision support.
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Appendix A. Appendix Tables

Table A
Test-statistics (P-value) of predictWTD compared with theoretical distributions for different data volume (dry forecast).

Type of rainfall information 10 yrs 15 yrs 20 yrs 25 yrs 30 yrs 34 yrs

(’99–’08) (’94–’08) (’89–’08) (’84–’08) (’79–’08) (’75–’08)

PILI Rm-only 0.551 0.53 0.878 0.805 0.713 0.886 MWW
0.078 0.722 0.469 0.754 0.84 0.748 Levene
0.099 0.099 0.099 0.099 0.099 0.099 KS

π-only 0.377 0.757 0.845 0.733 0.99 0.683 MWW
0.151 0.612 0.315 0.583 0.631 0.835 Levene
0.105 0.099 0.105 0.118 0.112 0.099 KS

μ-only 0.597 0.998 0.686 0.729 0.829 0.725 MWW
0.028 0.629 0.346 0.752 0.618 0.586 Levene
0.125 0.112 0.118 0.105 0.105 0.112 KS

Type of rainfall information 10 yrs 15 yrs 20 yrs 25 yrs 30 yrs 45 yrs

(’94–’03) (’89–’03) (’84–’03) (’79–’03) (’74–’03) (’59–’03)

KATU Rm-only 0.222 0.455 0.442 0.924 0.577 0.523 MWW
0.242 0.582 0.59 0.625 0.523 0.84 Levene
0.003 0.183 0.135 0.864 0.836 0.864 KS

π-only 0.719 0.203 0.613 0.926 0.835 0.409 MWW
0.028 0.055 0.055 0.37 0.196 0.213 Levene
0.193 0.17 0.507 0.88 0.465 0.48 KS

μ-only 0.457 0.594 0.515 0.499 0.735 0.914 MWW
0.623 0.784 0.679 0.946 0.34 0.255 Levene
0.213 0.702 0.42 0.413 0.585 0.275 KS

*Note: P-value below 5% level of significance is shown in bold, which indicates rejection of test hypothesis.
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Table C
Test-statistic (p-value) of FResampler1 compared with theoretical distributions for different data volume (dry forecast with 300 realizations).

10 yrs 15 yrs 20 yrs 25 yrs 30 yrs 34 yrs

(’99–’08) (’94–’08) (’89–’08) (’84–’08) (’79–’08) (’75–’08)

PILI 0.244 0.096 0.576 0.862 0.543 0.442 MWW
0.229 0.983 0.798 0.892 0.913 0.918 Levene
0.357 0.126 0.836 0.689 0.958 0.982 KS

10 yrs 15 yrs 20 yrs 25 yrs 30 yrs 45 yrs

(’94–’03) (’89–’03) (’84–’03) (’79–’03) (’74–’03) (’59–’03)

KATU 0.894 0.432 0.172 0.785 0.694 0.607 MWW
0.101 0.381 0.845 0.591 0.596 0.469 Levene
0.046 0.135 0.046 0.9 0.845 0.997 KS

Table D
Test-statistic (p-value) of FResampler1 compared with theoretical distributions for different data volume (neutral forecast with 300 realizations).

10 yrs 15 yrs 20 yrs 25 yrs 30 yrs 34 yrs

(’99–’08) (’94–’08) (’89–’08) (’84–’08) (’79–’08) (’75–’08)

PILI 0.164 0.024 0.361 0.788 0.559 0.484 MWW
0.102 0.919 0.924 0.607 0.848 0.899 Levene
0.13 0.024 0.377 0.632 0.867 0.993 KS

10 yrs 15 yrs 20 yrs 25 yrs 30 yrs 45 yrs

(’94–’03) (’89–’03) (’84–’03) (’79–’03) (’74–’03) (’59–’03)

KATU 0.792 0.695 0.39 0.789 0.486 0.673 MWW
0.033 0.336 0.592 0.51 0.446 0.722 Levene
0.242 0.363 0.218 0.946 0.919 0.989 KS

Table B
Test-statistics (P-value) of predictWTD compared with theoretical distributions for different data volume (neutral forecast).

Type of rainfall information 10 yrs 15 yrs 20 yrs 25 yrs 30 yrs 34 yrs

(’99–’08) (’94–’08) (’89–’08) (’84–’08) (’79–’08) (’75–’08)

PILI Rm-only 0.09 0.262 0.927 0.944 0.753 0.915 MWW
0.024 0.511 0.635 0.612 0.46 0.656 Levene
0.025 0.171 0.789 0.789 0.706 0.99 KS

π-only 0.148 0.48 0.89 0.71 0.956 0.53 MWW
0.014 0.161 0.576 0.488 0.439 0.385 Levene
0.061 0.257 0.922 0.926 0.706 0.381 KS

μ-only 0.163 0.461 0.59 0.377 0.675 0.821 MWW
0.005 0.139 0.271 0.403 0.588 0.471 Levene
0.08 0.167 0.695 0.535 0.91 0.789 KS

Type of rainfall information 10 yrs 15 yrs 20 yrs 25 yrs 30 yrs 45 yrs

(’94–’03) (’89–’03) (’84–’03) (’79–’03) (’74–’03) (’59–’03)

KATU Rm-only 0.747 0.327 0.379 0.945 0.455 0.678 MWW
0.061 0.561 0.58 0.63 0.391 0.92 Levene
0.392 0.45 0.297 0.792 0.622 0.981 KS

π-only 0.675 0.38 0.272 0.7 0.783 0.539 MWW
0.004 0.05 0.073 0.055 0.201 0.338 Levene
0.109 0.42 0.227 0.45 0.874 0.66 KS

μ-only 0.669 0.473 0.783 0.738 0.574 0.961 MWW
0.58 0.391 0.732 0.483 0.433 0.356 Levene
0.606 0.45 0.898 0.424 0.635 0.346 KS

*Note: P-value below 5% level of significance is shown in bold, which indicates rejection of test hypothesis.
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1 Introduction 

Climate change and increasing variability have been affecting the amount of precipitation and its 

seasonal distribution around the world (Easterling et al., 2000). Water availability is affectecd by 

these changing weather patterns and long-term climatic change. Our target area, the Bicol 

Region in the Philippines, is vulnerable to changing climate and extreme weather events such as 

tropical cyclones, floods and extended droughts according to Elazegui et al. (2016). Moreover, 

the El Niño-Southern Oscillation (ENSO) phenomenon generally intensifies dry spells in the area 

(Lyon and Camargo, 2009), which often leads to significant percentages of yield loss in rice, a 

key crop in the region. In addition, increasing population and associated socio-economic 

developments drive increases in the demand for food and water (Fereres et al., 2011). Hence, 

food security and water security are strongly interconnected and make it difficult for water 

managers to make appropriate decisions such as how much water to allocate to users in the 

watershed, how water resources can be shared based on priority and equity, how to manage 

excess water (flood management) and how management decisions can be altered for sustainable 

water use. Further, water availability information is essential to farmers and fishing communities 

to alter their livelihood activities based on available water.  

As water management is strongly linked to climate variability and change, policy makers and 

water managers have the responsibility to formulate and implement adaptation strategies and 

inform the water users accordingly (Lengoasa, 2016), accounting for both seasonal water 

availability variations and long-term changes in water availability. This is an essential step 

towards disaster risk reduction and climate change adaptation. In this regard, climate and crop 

simulation models (e.g., hydrologic or agricultural system models) can assist and support in 

appropriate decision making to develop the adaptation strategies. Furthermore, these decision 

support tools will guide users to anticipate and respond to water security risks and enhance the 

system resilience to the changes in seasonal weather and climate (Hansen et al., 2007; 

Rosenzweig et al., 2004; Winter et al., 2017). Thus, the overall goal of the Bicol Agri-Water 

Project (BAWP) was to improve the decision making capability for integrated water resources 

management, particularly in Buhi-Barit and Quinali A watersheds through integration of climate 

information into agriculture and water resources management. A modeling approach was 

employed to accomplish this goal of the BAWP.  
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This study focused on rice-based agricultural systems in the Bicol River Basin. The Bicol River 

Basin is one of the major basins in the country, covering approximately 3770 km
2
 of catchment 

area. Agriculture and fisheries are the major sources of income in the region. The Bicol region is 

highly vulnerable to climate-related risks, mainly typhoons and floods. However, droughts or dry 

spells also negatively affect rice farming in the Bicol region (Elazegui et al., 2016). Ella et al. 

(2010) ascribed inequitable distribution and inadequate supply of irrigation water to climate 

change/variability and deteriorating watershed conditions to rice farming impacts. As a result, 

there have been conflicts among water users of Lake Buhi (agriculture, fisheries, municipality 

and hydroelectric power generation). Therefore, climate-smart agricultural water use has become 

an important issue in the Bicol region, in spite of high annual rainfall. 

This report summarizes the work IRI and Michigan State University have done for the BAWP 

project from 2012 to 2017 mainly focusing on “Objective 2: To improve water resource 

management under climate variability and climate change at the watershed (or sub-basin) scale 

through development and validation of decision support tools” of the project.  It also outlines the 

development of Climate Agriculture Modeling and Decision Tool (CAMDT), WEAP models for 

Buhi-Barit and Quinali A watershed and the Knowledge Sharing Portal as well as generation of 

climate change scenarios tailored for the Philippines. In the course of the project, we also 

engaged in capacity building on climate-agriculture modeling and climate downscaling as well as 

contributing to inputs for the Climate Outlook and Extension Advisory (CLEA) developed under 

this project.  

The project has involved a number of researchers and staff from IRI, Michigan State University 

(MSU) and University of Main (UMain). Brad Lyon at UMain, formerly IRI, worked with 

PAGASA on a climate analysis that ultimately led to improved forecasts for the region. This 

improved climate information allowed Amor Ines at MSU and Eunjin Han at IRI to develop the 

CAMDT. Eunjin Han, Kye Baraong, Erica Allis at IRI and Amor Ines Rasu Eeswaran at MSU 

contributed to develop WEAP models. The information and outputs from all these activities are 

served via the IRI Maproom developed by Rémi Cousin at IRI. 
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2 Development of Decision Support Tools for Climate Risk Management in 

Agriculture 

2.1 Climate Agriculture Modeling and Decision Tool (CAMDT) 

2.1.1 Crop modeling 

Agricultural system models, which consider agricultural production, natural resources and 

human factors as well as interactions of those components, play increasingly important roles in 

addressing climate risk problems and the sustainable development of agro-ecosystem. 

Specifically, crop simulation models (e.g., Decision Support System for Agro-technology 

Transfer (DSSAT)) has been widely used to integrate knowledge of individual processes, 

understand their interactions and enhance transferability of traditional agronomic research results 

considering environmental heterogeneity. Furthermore, when we take into account climate 

change or variability, which includes temporal heterogeneity, agricultural system models enable 

us to explore possible management options and their expected outcomes under a range of soil 

and weather/climate conditions.  

We integrated one of the most popular cropping system models, DSSAT Cropping System 

Model (DSSAT - CSM) into a Climate-Agriculture-Modeling and Decision Tool (CAMDT) 

described in the next section. The DSSAT is a modular-based software package, which integrates 

various crop simulation models for 16 different crops. The crop models simulate crop growth 

and development, soil moisture, carbon and nitrogen dynamics under specific management 

practices at a spatially uniform field. Weather data including daily maximum and minimum air 

temperature, solar radiation and precipitation, are fundamental forcing variables to simulate 

hydrological processes and crop phenology. Temperature is used to estimate growing degree-

days which determine the rate of crop development (Jones et al., 2003). Soil properties are also 

critical variables to simulate water, carbon and nitrogen dynamics in the soil and their impacts on 

crop growth. Crop growth stages are simulated based on user-determined genetic coefficients, 

which vary with different cultivar types. Therefore, genetic coefficients of a target cultivar 

should be properly calibrated and tested using field experimental data before the models are used 

for any application. Biomass production of a crop is determined mainly by intercepted 



 

 

 Bicol Agri-Water Project FINAL REPORT (OCT. 1, 2012 – DEC. 31, 2017) | 8 

 

photosynthetically active radiation (PAR), and penalized by several stress factors, such as 

extreme temperature or limited water or nitrogen availability.  

2.1.2 Development and application of CAMDT 

Rice farmers in the Bicol region, Philippines are highly vulnerable to climate-related risks, 

mainly from typhoons and floods, and sometimes droughts or dry spells. Therefore, climate-

smart agricultural water use became more of an important issue in the region. Traditional 

approaches rarely utilize recent advances in seasonal climate forecasting (beyond weather 

forecast scale for about 7-10 days). For instance, probabilistic seasonal climate forecasts (e.g., 

higher/lower seasonal rainfall amount compared to long-term average rainfall) in the Bicol 

region can be predicted with high accuracy, especially for the dry farming season, taking into 

account the influence of El-Niño-Southern Oscillation (ENSO). Considering that there is a strong 

relationship between seasonal rainfall amount and rice production, seasonal climate information 

with better skill (accuracy) and enough lead-time may benefit farmers or agricultural water 

resources managers allowing more opportunities to reduce climate risks in agriculture and thus 

improve food security in the region. 

Unlike weather forecasts, seasonal climate anomalies can be predicted with a longer lead-time 

(e.g., a few months) for a coming season (next three to six months). Due to inherent uncertainty 

in climate prediction, seasonal climate forecasts (SCF) is released in probabilistic terms for 

rainfall (i.e., below- , near- and above-normal categories). For instance, in December 2015, IRIs 

net assessment forecasted 80% below-normal, 15% near-normal and 5% above-normal 

probability of rainfall for January – March, 2016 season due to super El Niño, which happened 

from the end of 2015 to early 2016. Seasonal climate forecasts alone could fall short of providing 

very useful information for improving farm-level decisions and policy-level interventions. 

However, if SCFs are linked with crop simulation models, it could help farmers improve 

strategic and tactical decisions to maximize benefits and minimize any climate-related risks in 

the growing season. 

In collaboration with the University of the Philippines Los Baños Foundation Incorporated 

(UPLBFI), IRI at Columbia University has developed a decision support tool, called CAMDT 

(Climate Agriculture Modeling and Decision Tool), which aims to guide decision-makers in 

adopting appropriate crop and agricultural water management practices that can improve crop 
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yields for given climatic condition. CAMDT takes a seasonal climate forecast and links it with 

the DSSAT- Rice model by downscaling the climate forecast into daily sequences of weather 

data. The results can inform decision-making for selecting agricultural management practices 

(e.g., cultivar and crop type selection, nutrient and water management, harvest logistics and 

insurance) before or during the growing season (Figure 2-1).  

  
Figure 2-1. Schematic diagram of CAMDT 

 

Translating tercile-based (probabilistic) SCFs into agricultural terms is not straightforward. It 

requires some technical expertise. It should be noted that all tercile probabilities of likely rainfall 

categories in the SCF (i.e., BN, NN and AN) comprise the full distribution (hence, information) 

of the forecast, opposite to the notion of taking the rainfall category with highest probability for 

convenience. When a SCF is disaggregated to daily weather sequences, uncertainties in 

weather/climate are reflected in the weather realizations. The CAMDT includes two downscaling 

(temporal) methods to link SCFs with the DSSAT-CSM-Rice model: (i) parametric, predictWTD 

(Ines and Han, 2014) and (ii) nonparametric, FResampler1 (Ines, 2013). The predictWTD is a 

spinup of the works of Hansen and Ines (2005) on conditional stochastic weather generator, but 

downscales the full distribution of SCF, not just the median. A stochastic weather generator can 

be constrained to generate rainfall realizations that match a target rainfall amount, or can be 

conditioned by altering rainfall intensity and/or frequency parameters based on a forecast 

(Hansen and Indeje, 2004; Hansen and Ines, 2005; Ines et al., 2011). FResampler1 uses the 

concept of “conditional block sampling” of weather data to create daily weather realizations of a 
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tercile-based probabilistic seasonal climate forecasts. For a season of interest, it draws randomly 

from historical records a set of daily weather data (rainfall, Tmin, Tmax and solar radiation) 

from years that belong to a certain rainfall tercile category (i.e., BN, NN or AN). In this way, 

FResampler1 preserves the covariance between rainfall and other weather parameters, as values 

of Tmin, Tmax and solar radiation are conditional on rainfall. Statistical comparison of the two 

methods can be found in Han and Ines (2017).  

The CAMDT integrates seamlessly the following procedures; disaggregating a given SCF, 

running a crop simulation model with the disaggregated weather realizations, and visualizing 

target model outputs in a more efficient way, and transforming model outputs to more useful 

information, such as, expected yields and gross profits. Detailed CAMDT workflows are shown 

in Figure 2-2. In addition, the user-friendly graphical interface of the CAMDT (Figure 2-3) 

allows a user to run “what-if” scenarios easily with different climate forecasts or crop 

management options. The CAMDT can translate crop model outputs to economic terms when the 

user provides expected crop price and cost. The tool will help users get a better idea of optimal 

management practices when a seasonal climate forecast is available beforehand.  
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Figure 2-2. Schematic of CAMDT processes 
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Figure 2-3. Graphical User-Interface of CAMDT 

Currently, the CAMDT has been used to produce expected yield outlook based on different 

planting dates and fertilizer application options for the Seasonal Climate Forecast and Extension 

Advisory (CLEA) in the Bicol region, Philippines. CLEA is a two-page briefer that contains six-

month climate outlook for the municipality and advisories on recommendations for planting and 

harvesting windows, crops or varieties to plant, and crop and water management practices 

suitable to the climate outlook. It is made in partnership with the local government units, with 

assistance of the Philippine Atmospheric, Geophysical and Astronomical Services 

Administration (PAGASA) and the Department of Agriculture – Region 5 (DA-5). It is released 

every onset of cropping season and updated on a monthly basis. Adoption of the CLEA and 

responses of farmers have been monitored and in 2016 it was reported that a total of 474 farmers 

and other stakeholders adopted CLEA as source of climate information and extension advisories 

for decision making in their farming activities. The CLEA is going to be applied to more 

regions/provinces in the Philippines.  

Figure 2-4 illustrates an example of how to use CAMDT for yield predictions in Bicol province 

given a SCF. Crop yield predictions based on wet SCF due to La Niña in 2009 (i.e., scenario 

names with (F)) have more skill than relying only on climatology (i.e., scenarios names with 

(C)). Each boxplot shows the distribution of model-predicted yields using 3 month-SCFs (i.e., 

JFM, FMA, MAM for Jan-Feb-Mar, Feb-Mar-Apr and Mar-Apr-May season respectively) with 
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1-month lead-time as time goes by in the growing season. Early in the growing season, predicted 

crop yield has a higher uncertainty mainly due to uncertainty in unknown climate (see JFM). As 

new SCF becomes available (FMA), observed weather can now be used for simulations until 

January, which significantly reduces uncertainty in predicted crop yields. Closer to harvesting 

time, yield predictions become more accurate with lesser uncertainty as majority of weather are 

now observed. Knowing crop yield forecasts with related uncertainties can better inform farmers 

on their decisions in advance.  

  

Figure 2-4. Rice yields predicted at different lead-times in Bicol province, 2009 dry season 

Note: Dotted horizontal line is the yield simulated with actual weather. For MAM season yield 

box-plots, February and earlier months are already observed. JFM – Jan-Feb-Mar season; FMA – 

Feb-Mar-Apr season; MAM – Mar-Apr-May season. F and C in parenthesis represent 

simulations based on wet seasonal climate forecast and climatology respectively. 
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More details on CAMDT development and model calibration/validations are described in journal 

article Han and Ines (Han et al., 2017). In addition, several case studies of CAMDT including 

testing effect of different fertilizer application and planting dates are introduced in the article.  

 

2.2 Water Evaluation and Planning System (WEAP) models for Bicol Lake and Quinali A 

watershed 

WEAP (Water Evaluation and Planning System) is a computer-based software tool developed by 

the Stockholm Environment Institutes (SEI) to provide users with an integrated approach for 

water resources planning and management in a river basin. IRI developed, tested and applied 

WEAP-Bicol models for the Buhi-Barit and Quinali A watersheds to serve as a decision support 

tool for allocating water in the watersheds. For Buhi-Barit watershed, the WEAP model was 

developed mainly for the appropriate water allocation of the Lake Buhi as a tool for resolving 

conflicts between water users (agriculture, fisheries, municipality and hydroelectric power 

generation). In Quinali A watershed, the impact of additional diversion channels or other 

infrastructure was one of interests in water resources management and thus more complicated 

water system was implemented for the watershed.  

 

Figure 2-5. Schematic Diagram of WEAP 

The WEAP-Bicol model takes user inputs (e.g., water demands for municipality and agriculture, 

water supplies from rain and/or Buhi Lake, and natural water loss due to evapotranspiration or 

stream outflow) and calculates a budget of available water to users in the target watershed. Then, 
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scenarios of interest can be modeled, enabling users to see the impacts of different water 

management schemes or weather events on water availability. For example, users can run the 

WEAP-Bicol models to see the impact of rainfall increases, future climate change scenarios or 

dam/canal construction on the available water for different stakeholders. The information 

generated from the WEAP-Bicol models will enable decision-makers such as Lake Buhi water 

managers, irrigators’ associations, or municipal agriculture officers to make informed decisions 

on how best to manage and allocate water resources for agriculture along with competing users 

in these watersheds.  

The WEAP-Bicol models were calibrated based on observed data including lake elevations, with 

some reasonable assumptions. The model output was validated using streamflow observations 

and remotely-sensed evapotranspiration data (MODIS-ET). In spite of limited data availability, 

the WEAP model could predict reasonable streamflow pattern and ET. In addition, the WEAP 

models were linked to short-term (seasonal climate forecast) and long-term (climate change 

scenario until 2041) climate variability/change scenarios for more operational decision making.  

More detailed explanations on development of WEAP model for Lake Buhi and Quinali A 

watershed can be found in Annex 1, a separate report only for the WEAP component. The 

WEAP models were used to predict water demands and supply capacities 1) with a tercile-based 

seasonal climate forecast and 2) climate change scenarios which were developed for this 

particular region. In addition the water management options under some proposed and projected 

scenarios were also tested for the Quinali A watershed.  
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2.3 The Knowledge Sharing Portal 

The Knowledge Sharing Portal (KSP) is an online decision support tool for water use and 

allocation developed by IRI, with the help of partners at the DA-5 and UPLBFI. It has been in 

development since 2012 as part of the BAWP project, and is one of the project’s main 

components. The overall goal of BAWP is to attain water security and climate resilient 

agricultural development by effectively and sustainably minimizing agricultural damages in 

Bicol River Basin areas frequented by climate-related hazards. The KSP supports the 

achievement of this goal, in concert with the other intermediate goals of capacity-building 

trainings (e.g. climate field schools for farmers) and small-scale irrigation improvements. 

Decision support tools for water use and allocation guide decision making in water allocation 

and other adaptation planning. Open data platforms such as the KSP help improve data access 

limitations with the intent of making services more efficient and reducing risk in climate-affected 

sectors such as water resources, agriculture, and energy. 

The development of the KSP began with the need to collect rainfall data for use in climate 

analyses. PAGASA and DA-5 installed 21 precipitation stations and farmers and irrigators’ 

associations have been collecting the data. The collectors gather data twice a day (8:00 a.m. and 

2:00 p.m). The KSP also mines data from other pre-existing sources (e.g. local and satellite-

derived datasets). They include information about models and observations for precipitation, 

climate prediction, soil water balance, crop information and vegetation at the monitoring, 

seasonal, inter-annual to climate change scales, with the decision support tools operating at the 

basin to farm scale. The KSP also provides inputs for modelers to use in related tools (i.e. WEAP 

and CAMDT). 

The KSP is a web-based tool that consolidates, hosts all data and models generated from local 

and global products and datasets, as well as the CLEA, CAMDT and WEAP-Bicol and displays 

them in one location (Figure 2-6) (https://iridl.ldeo.columbia.edu/maproom/Water/BAWKP/). It 

provides users with easy and convenient access to manage and show (as maps, time series plots, 

tables) climate, water and agricultural data generated and used by the project. These tools and the 

KSP can be used for evaluating proposed adaptation options and sharing them with stakeholders 

for consideration in their decision-making process. 
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Figure 2-6. Web-based user-interface of KSPM 

KSP is built using the IRI Data Library and Maproom technologies and hosted at the IRI 

website. They advance the dissemination of value added climate and environmental information 

to address specific real-world problems. In particular, the Data Library facilitates data inter-

operability for analysis and visualization while the Maprooms ease the manipulation of 

information for users and enables sharing to other analysis or dissemination tools. Once in place, 

it can be accessed and used by agricultural technicians and extension workers at the regional and 

municipal levels as well as agricultural specialists in partner state universities and colleges. 

The KSP is designed through interaction with project partners to further enhance its applications 

and uses. Technical stakeholder workshops were held to share information among scientists, 

local agencies, farmers and others. The workshops were key to scientists being able to produce 

relevant products in the KSP.   



 

 

 Bicol Agri-Water Project FINAL REPORT (OCT. 1, 2012 – DEC. 31, 2017) | 18 

 

In 2017 both the precipitation and Water Balance Monitoring Maprooms were finalized. They 

facilitate near-real time monitoring of rainfall and agronomic conditions, using the 21 DA 

weather data. The soil water balance seasonal forecast Maproom became available for both dry 

and wet seasons, which also rely on the near-real time 21 DA weather stations. In addition, a 

CLEA Maproom was created to facilitate quick visualization and download of the CLEA. 

Experimental Maprooms were set up for CAMDT and WEAP outputs for demonstration 

purposes and collection of feedback during the 5
th

 technical workshop.  

KSPM has various information classified to Climate, Agriculture and Water (Figure 2-5).  

Climate 

Under Climate tab, users can find three menus: PAGASA/IRI Bicol Region Historical 

Precipitation, Bicol Region Precipitation Monitoring and CLIMATE FORECAST AND 

EXTENSION ADVISORY. First, “PAGASA/IRI Bicol Region Historical Precipitation” allows 

users to explore historical daily precipitation by calculating simple seasonal statistics. Many 

options can be specified to produce yearly time series of a chosen seasonal diagnostic of the 

daily precipitation data. The user can then choose to map the mean, standard deviation or 

probability of exceeding a chosen threshold, over years. Second, “Bicol Region Precipitation 

Monitoring” allows the user to monitor recent daily precipitation available from stations in Buhi, 

Nabua and Polangui. Once the user select a station, three graphs are provided: the daily rainfall 

for the last 3 years; 5-day smoothed time series of rainfall for the current year and the past 2 

years; and daily cumulative rainfall from latest April 1st to latest available day with data as 

shown in Figure 2-7(a), (b) and (c) respectively. Lastly, the pdf version of CLEA can be also 

downloaded in the CLIMATE FORECAST AND EXTENSION ADVISORY menu. 
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(a) 

(b) 
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Figure 2-7. An example of Bicol Region Precipitation Monitoring – Pintor weather station in 

Polangui, Albay 

 

Agriculture 

Under the “Agriculture” tab, various agriculture-related information is available through Bicol 

Region Historical Drier Water Balance, Bicol Region Historical Wetter Water Balance, Bicol 

Region Water Balance Monitoring, MODIS Analysis Tool, Soil Water Balance Seasonal 

Forecast - Dry Season, Soil Water Balance Seasonal Forecast - Wet Season and Water Stress 

Prediction.  

First, Bicol Region Historical Drier Water Balance help explore historical daily water balance 

during the drier season by calculating simple seasonal statistics. The water balance algorithm is 

described in Box 2-1. For the 47 years of daily precipitation and average temperature available, 

the water balance is run continuously for a standard planting date of January 7th. Kc is also 

invariant and a visualization of it in days since planting is provided. Many options can be 

specified to produce yearly time series of a chosen seasonal diagnostic of the daily water balance 

data (e.g., soil moisture, reduced ET, effective precipitation, crop satisfaction factor, percent 

available water, and water stress). The user can then choose to map the mean, standard deviation 

or probability of exceeding a chosen threshold, over years. 

(c) 
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Box 2-1. Description of Soil Water Balance Model 

The concept of soil water balance can be expressed in Eq. (1) when upward capillary rise from 

the groundwater table was ignored. Soil moisture defined as the equivalent water depth in root 

zone at the end of day t (     is a function of incoming flows in the form of precipitation or 

irrigation and outgoing flows in the form of runoff, evapotranspiration and deep percolation 

loss. 

                                                        (1) 

where       is soil moisture from the previous day t-1, and                        are 

effective precipitation, surface runoff, actual crop evapotranspiration and water loss due to 

deep percolation on day t [mm day
 -1

] respectively.    was estimated by the Antecedent 

Precipitation Index (API), which depends on precipitation up to 6 days prior.     is calculated 

from potential crop evapotranspiration (   ) and a reduction factor (    as 

                                                                               (2) 

where is     is potential crop evapotranspiration determined by crop coefficient 

(    and reference crop evapotranspiration (   ) 

           .                                                                               (3) 

   is a coefficients which links evapotranspiration on reference grass surface to one on 

the cropped surface (Allen et al., 1998).     was determined for four different crop growth 

stages (initial, crop development, mid-season and late season).     curve for rice is shown 

below. 
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     is computed using Hargreaves equation (Hargreaves, 1994) which relies on 

extraterrestrial radiation and average temperature and temperature amplitude only (Allen et al., 

1998). Here, a simple reference ET estimator was implemented to ensure a wider utility of the 

tool in data scarce regions where data to run more complex ET models are not available.    is 

a reduction factor representing current water stress in soil and expressed as  

       [            ⁄   ]                                   (4) 

where TAW is total available water in the soil (i.e., difference between soil moisture held at 

field capacity and permanent wilting point), ρ is a parameter in the rage of 0-1 for scaling the 

TAW to readily available water. 

 

Bicol Region Historical Wetter Water Balance  works in a same ways to Bicol Region Historical 

Drier Water Balance but for a wet season. Figure 2-8 shows an example output – average 

number of days with water stress for a wet season (June 23 to November 4) calculated from 

historical precipitation data from 1961-2007.  
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Figure 2-8. Average number of days with water stress for wet season (June 23 – November 4) 

Bicol Region Water Balance Monitoring  menu helps user monitor daily water balance and puts 

it in historical context. The water balance is calculated same as above. The water balance is run 

from 365 days prior to last day of available rainfall station data. Planting date and Kc parameters 

are defined by the user. The current situation can be compared with another past growing season 

of interest where again the planting date and Kc parameters can be defined. Different water 

balance outputs can be plotted on a map for a given day (by default last day of available rainfall 

station data) or as a time series for a given soil type location. The time series will be shown 

starting at current season planting date and ending on the last day of available rainfall station 

data. See the Options tab for a detailed description of the available outputs. Figure 2-9 illustrate 



 

 

 Bicol Agri-Water Project FINAL REPORT (OCT. 1, 2012 – DEC. 31, 2017) | 24 

 

an example of soil water balance monitoring for a rice planted on April 1, 2016 with options to 

compute the soil water balance.   

 

 

Figure 2-9. Soil water balance monitoring for a rice planted on April 1, 2016 

  MODIS Analysis Tool shows estimated vegetation information in the form of NDVI, EVI and 

reflectance. NDVI and EVI are useful to estimate the presence of vegetation, but are subject to 

intrinsic commission and omission errors which lead to potential misrepresentation of land 

surfaces. The Normalized Difference Vegetation Index (NDVI) is the ratio between the 

difference of red and near-Infrared (NIR) divided by the sum of red and near-Infrared 

reflectances. The index provides some information on healthy vegetation by examining their 
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difference in wavelength absorption and reflectance. Healthy vegetation growth, such as forests, 

will yield high NDVI values closer to 1 while low vegetation will yield values close to 0.2.The 

Enhanced Vegetation Index (EVI) is provided as a complimentary index to NDVI. EVI is an 

'optimized' index designed to enhance the vegetation signal with improved sensitivity in high 

biomass regions and improved vegetation monitoring through a de-coupling of the canopy 

background signal and a reduction in atmosphere influences. Using simultaneous exploitation of 

MIR, NIR, and Red wavelengths in a Red-Green-Blue color space, reflectance images allow for 

a more robust and reliable qualitative discrimination between land surfaces with sparse 

vegetation and those without vegetation. Land surfaces such as water bodies can also be 

accurately mapped. The user can follow the spatio-temporal dynamic of green vegetation and 

identify water bodies using the combination of MIR, NIR and Red channels.  

Soil Water Balance Seasonal Forecast --Dry Season is an experimental seasonal forecast of soil 

moisture driven by probabilistic climate seasonal forecasts.Such a forecast provides added value 

to the agricultural community, in comparison to the climate seasonal forecast. The soil water 

balance model includes non-linear agronomical processes that the driving climate information 

does not contain. It allows the user to provide agriculture-relevant information that speak directly 

to the community. The probabilistic nature of the forecast with full distribution of the quantities 

gives both the flexibility to deliver interactive maps and point-wise distributions that become 

relevant to user-determined needs, along with the characterization of the uncertainty of the 

forecast. The comparison with historical conditions put the current forecast in context of normal 

conditions. The default map shows in Bicol soil type wise seasonally (4-months) averaged daily 

soil moisture probability (between 0 and 1) of exceeding the 50th percentile of the distribution 

from historical climatology. The forecast shown by default derives from the latest climate 

forecast (e.g. Climate Forecast issued in December 2016 and Soil Moisture forecast for January 

to April 2017). Note that the soil-plant-water balance simulation is spinned up by 2 months of 

observed meteorological stations, therefore in the previous example: SWB is driven by 

observations in November and December 2016, a climate forecast was made in December 2016 

to forecast January to April 2017, so the soil-plant-water balance simulation is driven by the 

ensemble of resampled daily climate data starting January through April. The soil-plant-water 

balance simulation is then re-averaged over the full target season. One can also take advantage of 
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having the full distribution by specifying the historical percentile or a quantitative value for 

probability of exceedance or non-exceedance. 

Water Stress Prediction visualize crop water stress or index predicted by CAMDT based on a  

given seasonal climate forecast. The Water Stress Index is defined as the relative difference 

between actual and potential evapotranspiration. Therefore higher values of the average index 

imply more stress on crop growth due to water deficit. Water Stress Risk can be evaluated with 

the probability of exceeding a certain value of the Water Stress Index, indicating that the crop is 

not meeting water requirement. The threshold can be set by the user (default is 0.5). So the Risk 

is computed as the probability of exceeding a chosen value according to many simulations driven 

by different predicted weather realizations. 

Water 

Under the “Water” tab, WEAP model simulated outputs are visualized. For the Quinali A 

Watershed, demand site reliability is shown to inform how much water demands meet at 

different demand sites. For Buhi Watershed, predicted elevation of Lake Buhi is provided.   

3 Development of Climate Scenarios 

A set of climate change scenarios for the coming 10-30 years in the Bicol region were 

developed. The climate change scenarios were developed using a statistical-dynamical approach.  

The method entailed development of a vector autoregressive (VAR) model that captured the 

statistics of the observed climate on inter-annual to decadal time scales as well as the observed 

covariance between maximum and minimum temperature and precipitation. The VAR model 

used regional climate indices for maximum and minimum temperature and rainfall based on 

gridded data from the University of East Anglia.  These data were first temporally de-trended 

before being used to obtain the model parameters for the VAR.  Once these parameters were 

obtained, the VAR could generate thousands of synthetic time series that capture the observed 

variability of the climate.   

Projected trends in temperature and precipitation were then an additional layer added on top of 

the VAR model results.  The climate scenarios were based on output from 24 climate models that 

were included in the IPCC Fifth Assessment report.  The methodology combined information on 
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observed climate variability in the Bicol region with climate model projections based on 

increasing greenhouse gas concentrations to derive three plausible scenarios which represented 

the mean expected change along with a “dry” (10th percentile) and “wet” (90th percentile) 

scenario (i.e., 3 sets of scenarios: 90th, 50th and 10th percentiles).  The methodology allowed 

these scenarios to be translated into plausible daily sequences of weather for use in WEAP and 

CAMDT. The dataset are at 0.25 deg lat/lon resolution for 1 Jan 2020 - 23 Dec 2050.  

An example of projected precipitation is shown in Figure 3-1 which is available via IRI’s Data 

Library 

(http://iridl.ldeo.columbia.edu/%28/beluga/data/Web/blyon/iri_html/BICOL/50th/PRCP.nc%29/r

eadfile/.PRCP/3000/maskgt/Time/-0.5/shiftGRID/figviewer.html?map.url=X+Y+fig-

+colors+coasts+lakes+-fig). Another example of generated dry, normal and wet rainfall 

scenarios for the Lake Buhi area is shown in Figure 3-2, Figure 3-3 and Figure 3-4. Entire 

datasets are available from https://iri.columbia.edu/~blyon/BICOL/ 

http://iridl.ldeo.columbia.edu/%28/beluga/data/Web/blyon/iri_html/BICOL/50th/PRCP.nc%29/readfile/.PRCP/3000/maskgt/Time/-0.5/shiftGRID/figviewer.html?map.url=X+Y+fig-+colors+coasts+lakes+-fig
http://iridl.ldeo.columbia.edu/%28/beluga/data/Web/blyon/iri_html/BICOL/50th/PRCP.nc%29/readfile/.PRCP/3000/maskgt/Time/-0.5/shiftGRID/figviewer.html?map.url=X+Y+fig-+colors+coasts+lakes+-fig
http://iridl.ldeo.columbia.edu/%28/beluga/data/Web/blyon/iri_html/BICOL/50th/PRCP.nc%29/readfile/.PRCP/3000/maskgt/Time/-0.5/shiftGRID/figviewer.html?map.url=X+Y+fig-+colors+coasts+lakes+-fig
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Figure 3-1. A snapshot of climate change scenario from 50
th

 percentile: rainfall on January 1, 

2020 
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Figure 3-2. Climate change projection of monthly precipitation for the period of 2020-2050 in 

Lake Buhi under dry scenario 

 

Figure 3-3. Climate change projection of monthly precipitation for the period of 2020-2050 in 

Lake Buhi under normal scenario 
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Figure 3-4. Climate change projection of monthly precipitation for the period of 2020-2050 in 

Lake Buhi under wet scenario 

4 Capacity Building  

In the course of the BAWP project, IRI engaged in capacity building on climate-agriculture 

modeling, climate downscaling, how to use apply seasonal climate information for decision 

making in agriculture and water resources management.  The capacity building was done mainly 

through annual technical workshops held in Naga City from 2012 to 2017. Since the decision 

supporting tools (i.e., CAMDT, WEAP models and KSPM) became available in 2015, the annual 

technical workshops more focused on training end-users or local stakeholders on the use of these 

decision support tools. Additionally, as the BAWP approaching its last year of implementation in 

2017, intensive training workshops were conducted to further enhance the knowledge and skills 

of end-users on the use of the tools. Some pictures of the intensive training workshops are shown 

in Figure 4-1. 
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Figure 4-1. Intensive training workshop held in September 2016 
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5 Concluding Remarks 

Bicol River Basin is an ideal example of small watershed regions in developing countries that are 

vulnerable to water resource conflicts due to both climate related risks and lack of effective 

water management mechanisms. Availability of water supply-demand dynamic patterns under 

plausible future scenarios mainly hinder the decision-making capacity of relevant institutions and 

stakeholders. Here we showed the potential of modeling approach using CAMDT, WEAP 

models and KSPM to derive the essential information for decision support especially under 

climate risks.  

We suggest a few recommendations for sustaining modeling efforts. First, the developed tools 

should be used in a proper way and the model outputs should be interpreted carefully. The tools 

described above should be used to give recommendations or assist decision making procedures. 

It is not for finding an ‘optimized’ solution. Despite their helpful qualities for representing actual 

systems or scenario analysis, it is always necessary to be cautious when stating recommendations 

to stakeholders based on the model results by emphasizing the role of uncertainty. It is important 

to use CAMDT or WEAP in appropriate ways and to interpret its outputs properly. For example, 

CAMDT users should carefully examine if CAMDT produces reasonable fluctuations in yield 

for past events, specifically for seasons, which produced exceptionally low/high yields. The user 

should interpret the simulated yield in relative terms, not by deterministic values. In addition, 

CAMDT users should fully understand the concept of probability density function or cumulative 

distribution function to correctly interpret outputs of CAMDT and suggest recommendations for 

actual decision-makers (e.g., farmers).  

CAMDT was developed to target mainly agricultural advisors or extension workers, possibly 

farmers. Limited knowledge on probabilistic seasonal climate forecast and crop simulation 

models may lead to misuse or misinterpret outputs of CAMDT.  Therefore, critical roles of 

intermediaries (agricultural advisors or consultants) include overcoming low adaptation rate of 

computer-based CAMDT and mastering and applying the said tool to help farmers.  To ensure 

right use of the CAMDT tool, the BAWP team conducted annual technical workshops 5 times 

(2013 – 2017) and one intensive training workshop in 2016 in Bicol by inviting staff from Local 

Government Units, faculties from local state universities and colleges (SUCs), and relevant 

stakeholders. To avoid any misuse of CAMDT or misinterpretation of CAMDT output, potential 
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users were encouraged to increase their understanding about crop simulation models, probability, 

and climate forecasts. The same principle is also applied for WEAP applications.  

Uncertainties in the model-produced outputs could be associated with unavailability of required 

data (e.g., weather, soil, crop cultivar, etc.) besides intrinsic limitations of the model mechanism. 

Therefore, every possible efforts should be made to secure as many and accurate observations as 

possible for model input (e.g., daily weather observation, local soil characteristics and rice field 

experiment data for calibrating crop model parameters) and for verifying model outputs (e.g., 

local crop yield for CAMDT and  streamflow measurements or regular reservoir level 

measurements for WEAP). 
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ANNEX 1.1. Application and Evaluation of the Water Evaluation and Planning System 

(WEAP) Model 

 

ANNEX 1.2. Publication 1 - Climate-Agriculture-Modeling and Decision Tool 

(CAMDT): A software framework for climate risk management in agriculture 

 

ANNEX 1.3. Publication 2 - Downscaling probabilistic seasonal climate forecasts for 

decision support in agriculture: A comparison of parametric and 

nonparametric approach 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Annex 2.1: TRACKING OF CAMARINES SUR ACTIVITIES FOR WATER 

GOVERNANCE1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
1 Prepared by Catherine M. Punzalan, Training Associate (October 2012-January 2016); Chrislyn Joanna P. Faulmino, 

Training Associate (February 2016-December 2017); Reviewed by: Dulce D. Elazegui, Policy and Institution Specialist 
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OUTCOME 3 - TRACKING OF GOVERNANCE ACTIVITIES IN CAMARINES SUR 

(Based on roundtable discussions, meetings, and training-workshops on policy 

analysis and participatory policy analysis) 

 

Expected outputs 

 

Municipal Level: Ordinances adopting climate risk management strategies (Climate Field School and 

Seasonal Climate Forecast and Extension Advisory) 

 

Sub-watershed Level: eater management agreements in Buhi-Barit watersheds, e.g. Memo of Agreement 

of all Lake Buhi stakeholders regarding Lake Buhi water management, draft ordinance for Buhi and 

Nabua on irrigation water management 

 

I. Study site:  Buhi-Barit sub-watershed   

Issue: Overuse/Unsustainable use of lake 

 

Agreements:  

 

 Form a Technical Working Group (TWG) of sub-watershed stakeholders 

- Local Government Unit of Buhi (LGU Buhi) to convene stakeholders 

- DENR (PENRO) to be invited as facilitator/co-chairman 

- Proposed members: National Power Corporation (NPC), National Irrigation Administration 

(NIA), People’s Energy Services Inc. (PESI), Provincial Government of Camarines Sur 

- Draft resolution for the creation of TWG 

- TWG to draft Memorandum of Agreement (MOA) 

 LGU Buhi to propose deputation regarding use of Lake Buhi for aquaculture/ fisheries to National 

Water Resources Board (NWRB) (Coordinate with NWRB and ask for sample MOA) 

 TWG to review policies for harmonization/resolving conflicts 

 Creation of Buhi-Barit Watershed Management Council (BBWMC) 

 

 

TRACKING FOR SUB-WATERSHED LEVEL AGREEMENTS 

 

Contact unit/persons: Beethoven Nachor, LGU Buhi; Counilor Sta. Rosa, LGU Buhi; Engr. Reuel De 

Claro, NPC-BBWAT 

 

Date Updates/Remarks 

November 11, 2013 SB session, Buhi 

 BAWP presentation  

 BAWP will help in drafting a resolution (to be presented to the Mayor)  

for the creation of a TWG (identify members, define functions of TWG,  

involve NWRB), and LGU to convene these potential members 

Nov. 28, 2013 

 

Annalyn Olaño’s meeting with Vice Mayor Belza 

 Ms. Olaño requested a copy of minutes of the SB session last Nov. 11 

 He said that he is disappointed with the issues regarding the NWRB 
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statements that the LGU has no right to use the lake resources. However, 

he agreed with that statement because it is stated in the law. He also said 

that he is very thankful for the BAWP’s the effort to help to resolve the 

lake issues. 

January 4. 2014 BAWP drafted a resolution entitled “Endorsing to the Honorable 

Mayor of Buhi to work with prospective members on the formation 

of a TWG on the management of Lake Buhi and the Buhi-Barit 

watershed.” 

 Kye Baroang and Dr. Cely Binoya commented on the draft 

 Sent to LGU after incorporating the comments of co-PIs 

January 27, 2014 

 

Meeting with Buhi LGU officials – LGU Vice-Mayor Belza, Coun. 

Sta Rosa, and Adm. Beethoven Nachor:  

 Vice Mayor Belza raised the following concerns on the resolution: 

- If the resolution/ordinance will be approved, it means that Buhi will 

be utilized by the NWRB while NIA and NAPOCOR has control 

over the lake since they have permits  

- He wants to request a copy of the NWRB agreement between NIA 

and NAPOCOR. 

- He prefers that a TWG within Buhi be created and he will draft a 

letter that will invite other stakeholders such as the Rotary, FARMC 

and NGOs 

 

 Coun. Sta Rosa said that the draft ordinance prepared by the BAWP will 

be presented on the next SB session and BAWP staff will follow up on this 

 

 Adm. Beethoven Nachor said that based on the last SB Session, the LGU 

will invite those who will be members and identify what their roles will be 

on the creation of technical working group.  The creation of TWG aims to 

neutralize all the stakeholders of the lake. 

 

 BAWP staff will attend the session or request for the minutes of the 

meeting (1st week of February) during which the creation of the TWG will 

be discussed. BAWP staff will request for the edited draft based on the 

reviews during the SB Session. 

January 29, 2014 

 

Meeting with Board Member Angel G. Naval (Committee on 

Environment)  

The creation of TWG for Lake Buhi was discussed with BM Naval 

who raised the ff. issues: 

 The implication of the TWG to be created on the existing Lake Buhi 

Management Office 

 The draft Resolution prepared by BAWP should indicate who shall head 

the   TWG 

 To fast track the creation of TWG, BAWP should provide a timeline and 

draft the structure of the TWG 

 The TWG will be created to harmonize existing laws but it is difficult to 

harmonize the stakeholders since they have their own mandates 

Feb 24, 2014 Ms. Olaño provided Mr. Nachor, Buhi Administrator, a copy of the minutes 

and attendance sheet during the Participatory Policy Analysis for Lake Buhi 
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Governance.  

March 25, 2014 Ms. Olaño had a meeting with Councilor Sta Rosa. 

 The purpose of the meeting was to give updates on the outcome of their 

council meeting dated March 24, 2014.  

March 25, 2014 Ms. Punzalan inquired to Ms. Emmie Ruales of NWRB about the 

process of application for deputation.  

 Ms. Ruales mentioned that the application for deputation is temporarily 

suspended and as of that moment, they are just processing MOAs with 

LGUs who are applying for deputation.  

 BAWP requested a draft MOA between an LGU and NWRB for the 

project to refer to. 

March 27, 2014 Ms. Dulce Elazegui had a short discussion with Ms. Jessie and Ma’am 

Peñaranda (OIC of Planning and Policy Division) of NWRB regarding the 

concerns on deputation specifically the guidelines for deputation. She also 

requested for a meeting with NWRB who advised the BAWP to write a 

letter stating the project’s concern and the request for a meeting with 

NWRB.  

March 31, 2014 Ms. Emmie Ruales of NWRB provided a copy of a draft MOA for BAWP’s 

reference. The draft MOA will be used by LGU Buhi on their request for 

deputation.  

April 2, 2014 Ms. Olaño reported that the Municipality of Buhi approved 2 

resolutions in support of the Project activities.  

1. Resolution endorsing to the Honorable Mayor of Buhi to work with 

Prospective Members on the Formation of a TWG on the 

Management of Lake Buhi and the BuhiBarit Watershed.  

2. Resolution endorsing the output of the Participatory Policy Analysis 

Workshop for Lake Buhi Governance 

The municipality is requesting a letter addressed to the Vice Mayor if the 

Project wants a copy of the proceedings during the SB session.  

April 23, 2014 Ms. Olaño requested for a copy of the approved ordinance, but the 

resolution was not yet signed  

April 28, 2014 Visit NWRB and PAGASA (Dr. Rola, Ms. Elazegui and Ms. 

Punzalan)  

 

NWRB -  (Ma’am Peñaranda, Emmie Ruales and Engr. Pacita Barba)   

1. Issues on deputation and water permit.  

 If a municipality requested to be deputized by the NWRB, their 

function will be to monitor and control who will apply for the 

permit. NWRB emphasized that the municipality will not issue 

permits, they will just recommend who will be given permits. 

 Since the LGU of Buhi implements the water code, and NWRB 

has been granted power to regulate the exploitation, 

development and conservation of the country’s water resources, 

the NWRB suggested that Buhi will have a tripartite MOA with 

NWRB and BFAR.  
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 Ms. Emmie Ruales suggested that the Municipality will draft the 

MOA and specify the functions of the LGU, BFAR and the 

NWRB. The Board of NWRB will then review the draft.   

 NWRB stated that government projects on SSIS should also apply 

for water permits for security purposes.  

2. Courtesy call with NWRB Director Sevillo David Jr.  

 Dr. Rola introduced the project to the new director and 

emphasized the involvement of NWRB to project activities.  

 

Meeting with Dr. Landrico Dalida of PAGASA 

1. Status of MOA  

 Dr. Dalida emphasized their concern on project branding and 

their involvement in the project.   

May 8, 2014 Project requested for an appointment with the Mayor of Buhi 

regarding the approved ordinance on the creation of a TWG.  

May 22, 2014  Meeting with the LGU of Buhi (Mayor Rey Lacoste, Coun. Anita 

Sta. Rosa and Beethoven Nachor) 

1. Meeting regarding the details of Resolution No. 14-021 also known as 

Resolution Endorsing to the Honorable Mayor of Buhi to Work with 

Prospective Members on the Formation of a TWG on the 

Management of Lake Buhi and the BuhiBarit Watershed. 

 The group decided to have the first TWG meeting on June 13, 

2014 at 9:00 in the morning with the Local Government of Buhi 

in charge of the communication and lunch during the meeting 

while BAWP will fund the snacks. 

2. CFS Graduation in Buhi 

 The mayor approved the request for the LGU of Buhi to provide 

the sound system for this event.  The BAWP will shoulder the 

expenses for the snacks during the CFS graduation. It also has 

provided funds for the new t-shirts of the farmer graduates. 

 

The LGU of Buhi provided the Project a copy of the signed ordinance on the 

“Resolution endorsing the output of the Participatory Policy Analysis 

Workshop for Lake Buhi Governance” 

June 13, 2014  BAWP collaborated with the municipality of Buhi in organizing a 

meeting with prospective members of the Technical Working 

Group (TWG) for Lake Buhi and Buhi-Barit watershed 

management as proposed in the Municipality of Buhi Resolution 

No. 14-027. 

The meeting was held at the Maguindara Hall, Buhi, Camarines Sur.  

There was a consensus on the formation of the TWG and the group 

designated the Chair/Co-Chair of the TWG. Dr. Cely S. Binoya from CBSUA 

and Co-PI and Social Scientist and Gender Specialist of BAWP were 

appointed as Chairs. Mr. Nestor Franz A. Fortuno from CENRO Iriga was 

appointed as the Co-Chair. Mr. Beethoven Nachor, Buhi Administrator and 

Ms. Annalyn Olaño, BAWP Project Assistant, were appointed as members of 

the secretariat of the TWG (Please see attached Annex 9 of 3rd QPR Y2 for 

the details of the meeting). 
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 9 of 3rd QPR Y2 for the details of the meeting)  

September 16, 2014 An RTD for improved irrigation water management at the watershed level 

was conducted. The main objectives of the roundtable discussion were to 

follow up on the activities of the TWG for Lake Buhi and Buhi-Barit 

Watershed and gain knowledge on agro-climate tools to support decisions 

for managing climate risks and for managing water resources at the watershed 

level. The TWG was scheduled to attend the meeting with the WQMA on 

November 19-20, 2014 to present the main objective of TWG and to discuss 

with the TWG members their specific roles and responsibilities for the 

Management of Lake Buhi. Highlights of the RTD are presented in Annex 15 
of the 2nd Annual Performance Report. 

October 13, 2014 Ms. Dulce Elazegui provided Dr. Cely Binoya and Mr. Beethoven Nachor 

copies of the MOA draft for their review.  

November 27, 2014  Dr. Cely Binoya, Co-Project Investigator (Co-Pi) of the BAWP and Chair of 

the Buhi TWG presented the project updates to The Lake Buhi Watershed –

Water Quality Monitoring Area (LBW-WQMA) Governing Board.  

The BAWP team is also on the look-out for possible harmonization of the 
BAWP plans with the WQMA plans.  

There are queries if BAWP can support or sponsor some activities of LBW-

WQMA. Dr. Cely Binoya answered that BAWP can support project-related 

activities of LBW-WQMA that are included in the plans of BAWP.  

During the WQMA Meeting, a plan to conduct a meeting with the TWG on 

December 9, 2014 was agreed upon. The agenda of the last meeting will be 

the finalization of the MOA and the proposed activities of the TWG.  The 

TWG members were also hoping that the event will end with a Christmas 

party. They were also requesting for Polo-shirts which they will use during 
the meetings called for by the BAWP.  

February 26, 2015 Dr.Cely Binoya attended the WQMA Governing Board meeting to identify 

areas of collaboration and integration of TWG issues in the WQMA strategic 

plan. 

March 18, 2015 The 3rd TWG meeting was conducted at the ESD Training room of the 

CBSUA. The agenda of the meeting were to a) Revisit the proposed MOA; b) 

Identify issues re: the MOA, especially the timeline; c) Plan to organize the 

Lake Buhi Management Council and; d) Schedule of MOA signing among 

TWG partners.  

 

During the discussion, BFAR representative Mr. Santiago Noblefranca 

suggested that the MFARMC should be a TWG member.  Dr. Elena Delos 

Santos from DA-RFO also suggested that the Buhi-Barit Watershed and Lake 

Buhi Management Council should be renamed to a consortium. She 

emphasized that the consortium will involve agencies that have a mutual 

consent to form a group to achieve common goals on the management of the 

Lake Buhi and Buhi-Barit Watershed. Highlights of the meeting are presented 

in Annex 10 of 2nd QPR Y3. 



Bicol Agri-Water Project FINAL REPORT (OCT. 1, 2012 – DEC. 31, 2017) | 7 

April 2015 Prepared documents for the scheduled Key Informant Interviews on May 

2015.  

May 19-20, 2015 BAWP conducted KIIs with selected members of the TWG.  

DENR: Mr. Nestor Franz Fortuno 

LGU of Buhi: Municipal Administrator Beethoven Nachor 

LGU of Nabua: Municipal Agriculturist Jesse Arnel Duran  

NPC-BBWAT: Engr. Reuel De Claro  

NIA: Engr. Edwin Ramos 

PESI: Atty. Aimee Moraña 

 

The main purpose of the KII was to identify policies that constrain 

performance of functions related to the management of the Buhi-Barit 

watershed including Lake Buhi. The interview revolved around the following 

questions: 

 

What policy(ies) (e.g., Republic Act, Executive Order) mandate your 

institution to perform watershed-related functions relevant to Buhi-

Barit watershed including Lake Buhi? 

 

Are there provisions in this/these policy(ies) or other policies that 

constrain your institution in performing your watershed-related 

functions? 

June 26, 2015 The agenda of the meeting was to finalize the MOA among the members for 

the effective management of Lake Buhi and Buhi-Barit Watershed. As also 

agreed, one of the immediate tasks of the TWG is to review policies, identify 

complementarities and seek to harmonize these policies and regulations for 

the sustainable management of Lake Buhi and its watershed. Part of the 

agenda was to discuss and validate with the respondents the output of the KII 

and agree on how to resolve identified issues. Highlights of the meeting are 

presented in Annex 10 of 3rd QPR Y3. 

August 6, 2015 Dr. Art Estrella from CBSUA initiated a meeting with the TWG members to 

discuss the crafting of the governance framework of the Lake Buhi 

Management Council. One of the highlights of the meeting was to explore 

ideas and insights about the Lake Buhi Management Council. They also 

discussed the scope of the council, who will chair, members and funding 

arrangement.  

 

The special meeting was attended by Mr. Nachor from the LGU of Buhi, Engr. 

De Claro and Mr. Gata from NPC-BBWAT and Ms. Olaño from BAWP at 

the BBWAT Office. Summary of the meeting is attached in Annex 9 (3rd 

Annual Performance Report (Jul 1- Sept 30, 2015).  
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September 14, 2015 Dr. Estrella had a small group discussion with some of the members of the 

TWG.  The agenda of the meeting was to discuss the Draft Lake Buhi 

Watershed Management Council. A copy of the draft governance framework 

is presented in Annex 9 of the 3rd Annual Performance Report for Year 3. 

 

The small group meeting was attended by Mr. Baluyot of the CBSUA, Engr. 

De Claro, Mr. Salvamante from the LGU ofBuhi and Ms. Olaño from the 

BAWP at BBWAT Office, Sta Justina, Buhi, Camarines Sur.  

October 6, 2015 The 5th Roundtable discussion with the TWG for Lake Buhi and Buhi-Barit 

Watershed Management was conducted this quarter. The main objective of 

the RTD was to present and discuss the draft Lake Buhi Watershed 

Management Council (WMC) Framework.  

 

During the RTD, the group discussed and agreed on the future activities of 

the TWG for the creation of the council. After the deliberation on the 

creation, the group agreed to revise the framework. Once done, the 

framework will be shared to the SB of Buhi and the BBWAT.  Members are 

also expecting to sign a MOA in order to legally bind the commitment of the 

members to the Council. Details of the RTD are presented in Annex 10 

(Year 4, 1ST QPR).   

November to 

December 2015 

Dr. Estrella, TWG Chair, revised the Lake Buhi Watershed Management 

Council (WMC) framework based on the comments elicited during the RTD 

last October 6, 2015.  

January  2016 Dr. Estrella revised LBWMC framework based on the last RTD where the 

initial draft was presented. 

February 17, 2016 Dr. Estrella, Ms. Elazegui and Ms. Olaño had a short meeting with Engr. De 

Claro, chief of the NPC-BBWAT, during the first day of the Technical 

Workshop on the use of decision support tools. They discussed the steps 

forward for the creation of the Lake Buhi Management Council. 

 

They agreed that the final report on the Lake Buhi Watershed Management 

Council Management Framework and a formal letter expressing the 

willingness of the BAWP to assist the NPC-BBWAT in facilitating a meeting 

with prospective members of the Council will be sent to NPC-BBWAT’s 

office. 

February 23, 2016 BAWP submitted a letter to the Mayor of Buhi to inform him about the 

status of the creation of the Lake Buhi Watershed Management Council and 

to provide a copy of the Lake Buhi Watershed Management Council 

Management Framework created by the TWG. 

BAWP submitted the letter and final report to the NPC-BBWAT.  

March 4, 2016 Ms. Olaño went to the municipal office of Buhi to follow up on the letter sent 

to the office of the Mayor, but she was informed that there were no 

comments yet from the Office of the Mayor. 
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March 9, 2016 Ms. Olaño visited the office of Engr. De Claro to follow up on the report and 

letter sent by BAWP. Engr. De Claro said that the documents were already 

forwarded to their head office. 

March 30, 2016 As of March 30, no comments or directives in relation to formation of the 

BBWMC have come from the NPC yet. The sessions of the SB of Buhi are 

also on hold due to the upcoming elections. 

April 22, 2016 Ms. Olaño-Agua reported that the NPC-BBWAT will have a stakeholders’ 

consultation workshop on April 26, 2016 to prepare for the creation of their 

watershed management master plan. Also to be presented during the 

conference is the management framework of the LBWMC as part of the 

master plan. 

April 26, 2016 Ms. Faulmino, Ms. Olaño and Mr. Castañeda participated in the Buhi-Barit 

Stakeholders’ Consultation Workshop for the creation of the NPC’s master 

plan. The stakeholders of the Buhi-Barit watershed were asked to conduct 

SWOT Analysis, to draft Vision, Mission and Goals (VMG) for the Master 

Plan and to propose projects and programs that may adopted for the final 

Master Plan. The creation of the watershed management council was included 

in the proposed activities. A second stakeholders’ consultation workshop will 

be scheduled as the Master Plan is intended to be finalized by June 30, 2016. 

June 13, 2016 During the partners’ meeting of BAWP,  Ms. Elazegui, Policy and Institutions 

Specialist of the BAWP, raised that the creation of the LBWMC can be 

initiated even before the Watershed Management Master Plan of the NPC is 

finalized. Since this NPC Plan is a nationwide plan, this may take some time 

and delay the creation of the Council. 

June 30, 2016 The second consultation workshop and the scheduled presentation of the 

Master Plan were postponed because of the election period. As of June 30, 

2016, no workshops were scheduled yet.  

July 11, 2016 BAWP sent a letter to Engr. De Claro of NPC-BBWAT to request for an 

appointment with him on July 20, 2016. 

The NPC head office followed up on the creation of the Buhi-Barit 

Watershed Management Council with Engr. De Claro, but he explained that 

they postponed the meeting with prospective members due to the upcoming 

election, hence possible changes in key leadership positions. 

July 20, 2016 Project Director, Dr. Rola, with Co-PI and Policy and Institutions Specialist, 

Ms. Elazegui and BAWP staff had a meeting with Engr.  De Claro (Chief of 

NPC-BBWAT) and Mr. Nestor Franz Fortuno (CENRO, Iriga). The subjects 

of the meeting were the Seasonal Climate Forecast and Extension Advisory 

(CLEA), the status of the creation of the Lake Buhi/Buhi-Barit Watershed 

Management Council, and the watershed level RTDs.  

 

Due to the unavailability of Engr. De Claro on 2 August 2016, the scheduled 

date for the Buhi-Barit RTD, it was agreed to reschedule the RTD on 

September 21, 2016. Discussions and agreements during the meeting are 

presented in Annex 18 of the 4th Annual Performance Report. 

August 15, 2016 Ms. Olaño-Agua followed up with Engr. De Claro on the status of the NPC-

BBWAT’s meetings with the prospective members of the Council. According 

to him they still have agencies to visit within the week. Thus the RTD for 

Buhi-Barit still cannot be finalized. 
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August 23, 2016 Ms. Olaño-Agua followed up on the schedule of the RTD of Buhi-Barit 

through SMS with Engr. De Claro, but no response was received. 

August 24, 2016 Ms. Olaño-Agua followed up with Engr. De Claro on the coordination with 

the prospective members of the BBWMC. She was informed that the NPC-

BBWAT had already met with ten of the fourteen to fifteen prospective 

members of the BBWMC, and that an initial meeting among them is 

scheduled on September 9, 2016. BAWP was invited to attend the said 

meeting. 

September 2, 2016 The schedule of the Buhi-Barit RTD was rescheduled from September 21, 

2016 to September 28, 2016. 

September 8, 2016 The meeting of the BBWMC prospective members was moved to September 

13, 2016. 

September 13, 2014 Ms. Olaño-Agua and Ms. Peñaserada attended the BBWMC prospective 

members’ meeting at the NPC-BBWAT office in Buhi, Camarines Sur. 

Member-agencies of the TWG were included in the Council except for the 

LGU of Nabua, People Energy Services Inc. (PESI), Municipal Fisheries and 

Aquatic Resources Management Council (MFARMC) and Philippine 

Atmospheric, Geophysical and Astronomical Services Administration 

(PAGASA). Proceedings of the meeting are presented in Annex 21 of the 4th 

Annual Performance Report. 

September 14, 2016 Ms. Olaño-Agua submitted a copy of the Governance Framework drafted by 

BAWP in collaboration with the TWG for the management of Lake Buhi and 

Buhi Barit watershed to the office of Mayor Margarita Aguinillo of Buhi as 

requested. 

BAWP provided Engr. De Claro a copy of the draft program for the Buhi-

Barit RTD on September 28, 2016 to solicit comments and suggestions 

regarding the program flow of the RTD. Engr. De Claro suggested that the 

review and finalization of the BBWMC Memorandum of Agreement (MOA) 

be included in the program. 

September 16, 2016 BAWP invited TWG member-agencies not identified by NPC among the 

prospective members of the BBWMC to attend the RTD. 

September 28, 2016 BAWP conducted the annual roundtable discussion for the Buhi-Barit 

watershed. Proceedings of the RTD are presented in Annex 17 of the 4th 

Annual Performance Report. 

October 4, 2016 BAWP followed up with the prospective member-agencies of the BBWMC 

about their suggested inputs to the MOA, but most of agencies are still 

reviewing the MOA through their legal departments. 

October 19, 2016 Ms. Olaño-Agua went to NPC-BBWAT to follow up on the MOA inputs from 

the concerned agencies and to schedule the meeting of Prof. Arthur Estrella 

and Engr. Reuel De Claro to update the MOA. She was informed by Mr. 

Ramil Gata that NIA, BFAR, the LGU of Iriga and DENR-CENRO have 

already submitted their inputs. The LGU of Buhi will submit the following 

week because they are currently in a state of calamity due to a massive fish 

kill in Lake Buhi. 

November 24, 2016 Ms. Olaño-Agua went to LGU-Buhi to follow up on the LGU’s mandate and 

comments to be included on the MOA for the creation of the BBWMC. 

November 28, 2016 Mr. Beethoven Nachor, Municipal Administrator of LGU Buhi, informed Ms. 

Olaño-Agua that the MOA was submitted to the Sangguniang Bayan 

(Municipal Council) of Buhi for review. 
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December 14, 2016 Mr. Felix Castañeda, Climate Data Processor of BAWP, followed up with Mr. 

Beethoven Nachor (Municipal Administrator) on the inputs of the LGU Buhi 

to the Memorandum of Agreement (MOA) of the BBWMC. Mr. Nachor said 

that they will send the updated version of the MOA via email. 

December 16, 2016 Mr. Castañeda followed up on the mandate of the National Commission on 

Indigenous Peoples (NCIP) to be included on the MOA for the creation of 

the BBWMC. Atty. Valenciano, Principal Legal Officer 5 of NCIP, presented 

Section 58 of RA 8371. 

Mr. Castañeda also followed up with Mr. Nachor. He said that the drafted 

MOA presented during the roundtable discussion held at Desny Grill, Iriga, 

City last Sept. 28, 2016 was already acceptable, but they are still open for 

comments once the final draft was crafted. 

January 16, 2017 BAWP requested for a meeting with Engr. De Claro to discuss the BBWMC 

MOA revision and to schedule his meeting with Prof. Estrella. But due to 

conflicting schedules, the meeting was postponed. 

February 1, 2017 Ms. Faulmino inquired about the availability of Engr. De Claro and Prof. 

Estrella to schedule their meeting. The tentative schedule is on February 14, 

2017 at CBSUA. 

February 6, 2017 Ms. Olaño-Agua visited the NPC-BBWAT office in Buhi to request for 

documents related to the revision of the BBWMC MOA including mandate 

inputs of prospective members for Prof. Estrella’s reference in preparation 

for his meeting with Engr. De Claro.  

February 13, 2017 Engr. De Claro informed Ms. Faulmino that he cannot attend the meeting 

with Prof. Estrella on Feb. 14 (Tuesday) because of conflicts in schedule with 

other NPC activities, but he will confirm with Ms. Faulmino and/or Ms. Agua 

his available day/s on Feb. 20 (Monday). 

February 20, 2017 The meeting of Prof. Estrella and Engr. De Claro was tentatively scheduled on 

February 28. 

February 28, 2017 Prof. Estrella and Engr. De Claro had a meeting to discuss the creation of the 

BBWMC. Prof. Estrella suggested that the MOA signatories be the heads of 

member institutions/offices, e.g. Dr. Georgina Bordado as president of 

CBSUA. 

Prof. Estrella also said that he will send the explanatory note for the MOA 

within the week. 

 

Updates and steps forward for the Council’s creation were also discussed. 

The NPC will present the draft MOA to the Mayor and Municipal Council of 

Iriga City on the third week of March to discuss issues and concerns 

regarding creation the Council. After the presentation to the LGU of Iriga, 

the latest version of the MOA will be sent to all prospective members of the 

Council for their final review and for appointment of permanent and alternate 

representatives to the Council. The target schedule for MOA signing is on the 

first or second week of April. 

March 14, 2017 Ms. Olaño-Agua and Ms. Faulmino had a short discussion with Engr. De Claro 

about the creation of the BBWMC. Engr. De Claro shared that their 

presentation to Iriga was postponed due to conflicts in schedule. 

April 4, 2017 Ms. Olaño-Agua went to the NPC-BBWAT office to follow up on the MOA 

of the BBWMC, but Engr. De Claro and Mr. Gata were not at the office. 

April 26, 2017 Ms. Olaño followed up on the meeting of NPC-BBWAT with the LGU of Iriga 

to discuss the BBWMC and to present the MOA. Engr. De Claro explained 
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that they have sent the meeting request two weeks ago, but no schedule had 

been set for them yet. They said they will follow up on it again within the 

week. 

May 26, 2017 Ms. Olaño followed up on the meeting of NPC-BBWAT with the LGU of 

Iriga. Engr. De Claro informed her that the schedule of the meeting is still to 

be set, 

June 5, 2017 Ms. Olaño followed up on the meeting of NPC-BBWAT with the LGU of 

Iriga. However, the request is still pending. NPC-BBWAT is to follow up on 

the request again within the week. 

June 14, 2017  Ms. Agua followed up on the meeting of NPC-BBWAT with the LGU of Iriga 

with Engr. De Claro. But he said there were still no directives from the 

mayor. 

June 22, 2017 Ms. Agua followed up on the meeting of NPC-BBWAT with the LGU of Iriga. 

But there were still no directives from the mayor. Ms. Agua requested for a 

copy of the letter submitted by the NPC-BBWAT to LGU Iriga from Engr. De 

Claro so she can follow up directly to the office of the city mayor.  

June 23, 2017 Ms. Agua followed up on the requested meeting of NPC-BBWAT to the 

office of the city mayor by presenting the request letter but there was still no 

response from the city mayor according to the secretary. 

June 26, 2017 Ms. Agua followed up the request letter of NPC-BBWAT to the office of the 

city mayor but there were still no updates. The secretary of the mayor 

advised her to email them a follow-up letter with regards to the previous 

letter request.    

June 28, 2017 Ms. Agua went to the NPC-BBWAT office to discuss the follow up letter 

request of the secretary of the city mayor. 

June 29, 2017 Mr. Ramil Gata sent an email to the office of city mayor regarding the follow 

up request to the meeting with the city mayor. 

July 3, 2017 Ms. Agua followed up on the request letter of National Power Corporation 

Buhi-Barit Watershed Area Team (NPC-BBWAT) to the office of the City 

Mayor of Iriga, but there was still no response from the City Mayor according 

to the Secretary. 

July 10, 2017 Ms. Agua followed up on the request letter of NPC to the office of the City 

Mayor.  According to the Secretary, Mayor Alfelor endorsed the letter to 

Councilor Sonny Magistrado, the Committee on Environment Chairman. She 

advised Ms. Agua to follow up the schedule with Councilor Magistrado.  

July 17, 2017 Ms. Agua went to the office of the Sanguniang Panlungsod (SP) of Iriga to 

follow up on the requested appointment with Councilor Magistrado. 

Councilor Magistrado invited Ms. Agua to attend the SP session for the 

inclusion of the l request in the session’s agenda. After the session, Councilor 

Magistrado advised Ms. Agua to wait for his response next week regarding 

the schedule of the committee hearing. 

July 18, 2017 Ms. Agua went to the NPC-BBWAT office to discuss with Engr. De Claro 

regarding the status of the Memorandum of Agreement (MOA) in LGU Iriga 

and her attendance to the SP session last July 17, 2017 to include their 

request in the SP session agenda and schedule of the committee hearing. 

July 21, 2017 Mr. Ramil Gata of NPC-BBWAT attended and presented the MOA on the 

Environmental Committee hearing of the LGU Iriga SP. 

July 27, 2017 Ms. Agua went to LGU Buhi and had a meeting with Mayor Margie Aguinillo 

to follow up on the MOA of the BBWMC. Mayor Aguinillo requested for 

another copy of the MOA. 
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July 28, 2017 Ms. Agua went to LGU Iriga for a follow-up meeting with Councilor 

Magistrado. He shared that Mr. Gata of NPC-BBWAT presented to the 

committee hearing last July 21, 2017 and the MOA was forwarded to the 

Legal office of LGU Iriga for review. 

 

Ms. Agua went to LGU Buhi and had a meeting with Mr. Bethoveen Nachor 

to follow up the MOA of the BBWMC. He reported that they already 

endorsed the MOA to the SB for resolution. 

August 1, 2017 Ms. Agua went to the Sangguniang Bayan of Buhi and had a meeting with the 

SB secretary to follow up on the status of BBWMC MOA. She reported that 

they received the MOA last July 28, 2017 and the SB deliberation will be 

scheduled on August 7, 2017 during the SB session. 

August 2, 2017 Ms. Agua reported the status of MOA in the LGU Buhi to Enrg. De Claro. 

August 7, 2017 Ms. Agua had a meeting with Prof. Arthur Estrella to report the progress and 

status of MOA in LGU Iriga and Buhi.  

September 4, 2017 Ms. Agua had a meeting with Engr. De Claro to follow up on the status of the 

MOA in the two LGUs. Engr. De Claro reported that they attended the 

committee hearing of the SB of Buhi last August 15, 2017 to present the 

MOA. On the other hand, there were still no updates on the MOA in LGU 

Iriga. He also reported that they have sent letters to the prospective agency 

members to ask for their permanent and alternate representatives in the 

council. 

September 18, 2017 Ms. Agua went to SB-Buhi and had a meeting with the SB secretary to follow 

up on the status of MOA. The secretary reported that a committee hearing 

was held last August 15, 2017 and a resolution was passed authorizing the 

Municipal Mayor to enter into the MOA for creation of the BBWMC with 

resolution no. 17-126 and approved last August 17, 2017.  

October 9, 2017 Ms. Faulmino requested for information on the permanent and alternate 

representatives of member-agencies to the Council, but Engr. De Claro told 

Ms. Agua that no agency has responded on the matter yet. 

October 17, 2017 Ms. Faulmino, Ms. Elazegui and Mr. Faderagao went to NPC-BBWAT to 

discuss updates on the creation of the BBWMC. Engr. Reuel De Claro was at 

a meeting so Mr. Ramil Gata accommodated the short discussion instead. He 

said they were planning to call for a meeting, but a schedule is yet to be 

determined. Ms. Faulmino asked for a copy of the latest BBWMC MOA. 

November 6, 2017 Ms. Faulmino inquired about the schedule of the BBWMC meeting. Engr. De 

Claro said they will inform BAWP staff once the schedule is confirmed. 

November 29, 2017 The NPC-BBWAT held a meeting with the prospective members of the 

BBWMC. They tackled revisions and additions to the draft MOA that will 

include sanctions and police power. The NPC-BBWAT will take over on the 

revision and give BAWP a copy of the MOA once it is updated. 

 

Engr. De Claro explain that the BBWMC was already created as agreed by 

the body; The official creation through the MOA signing will follow. 

December 7, 2017 Ms. Faulmino followed up on the updated MOA from Engr. De Claro; He said 

they were still to working on it. 

December 18, 2017 Ms. Faulmino asked Engr. De Claro if the MOA had been updated yet; Engr. 

De Claro said they will finalize the revision in January. 

January 25, 2018 Ms. Faulmino followed up on the updated MOA, but according to Engr. De 
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Claro, the NPC-BBWAT is still focusing on report preparations. He said he 

will get back to Ms. Faulmino on the following week. 

Note: The BBWMC was unofficially created as per the agreement of its members. 

The MOA signing will follow after all revisions have been made. 

 

II. Study site:  Buhi, Camarines Sur    

 

Targets: Ordinances on institutionalization of Climate Field School (CFS) and other project outputs 

 

Contact unit/persons: Mayor Rey Lacoste, Vice Mayor Diones Belza, Counilor Anita Sta. Rosa, 

Municipal Administrator Beethoven Nachor, Councilor Raul Libardo 

 

TRACKING FOR MUNICIPAL LEVEL TARGETS: 

 

Date Updates/Remarks 

July 3, 2014 Ms. Punzalan provided Coun. Sta Rosa a copy of the Draft Ordinance 
from Dumangas Iloilo.  

Ordinance No. 2011-02 “AN ORDINANCE DECLARING THE DUMANGAS 

CLIMATE FILED SCHOOL AT THE AGRO-MET STATION BUILDING IN 

BARANGAY P.D. MONFORT SOUTH, THIS MUNICIPALITY AS AN 

INSTITUTION FOR LEARNING FOR THE CLIMATE FORECAST 
APPLICATION FOR AGRICULTURE”  

Coun. Sta Rosa mentioned that she is scheduled to provide a privilege speech 
on July 7 regarding the ordinance on the adaptation of CFS in the municipality.  

She is currently coordinating with Ms. Carmelita Marquez, Buhi DRRMO, 

regarding the adoption of the ordinance.  

August 27, 2014  RTD for Improved Irrigation Water Management was conducted in the 

Municipality of Buhi. The Municipal Administrator together with the DRRMO 

head, barangay chairmen and committee chairs of agriculture were present. 

The main agenda of the RTD was to elicit views from the LGUs on the 

formulation of the municipal ordinance for the continued conduct of climate 

field school and to gain knowledge on agro-climate tools to support 

decisions for managing climate risks at the farm level.  Highlights of the RTD 

are presented in Annex 15 of 2nd Annual Performance Report. 

Nov. 18, 2014  Ms. Olano reported that the Municipality of Buhi crafted an ordinance on the 

institutionalization of the CFS. Councilor Sta. Rosa authored the ordinance 

and it is scheduled for 1st committee hearing. They are hoping that the 

ordinance will be scheduled for 2nd reading before the year ends.  

Dec. 11, 2014  Draft ordinance entitled “AN ORDINANCE ESTABLISHING THE BUHI 

CLIMATE FIELD FARMERS SCHOOL THRU THE OFFICE OF THE 

DEPARTMENT OF AGRICULTURE AND THE MUNICIPAL DISASTER 

RISK REDUCTION OFFICE OF THIS MUNICIPALITY, AS AN 

INSTITUTION FOR LEARNING FOR THE CLIMATE FORECAST 

APPLICATION FOR AGRICULTURE” authored by Councilor Anita Sta. 

Rosa was shared to BAWP.  

March 16, 2015 Ms. Olaño reported that according to Coun. Sta Rosa, they still don’t have a 
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concrete schedule for the reading of the ordinance.  

April –June 2015 Followed up Coun. Sta Rosa regarding the ordinance on the Institutionalization 

of the Climate Field School in their municipality.  

August 17, 2015 The Municipality of Buhi enacted Municipal Ordinance No. 14-154 entitled “An 

Ordinance Institutionalizing the Buhi, Climate Farmers Field School as 

a Venue for Learning Climate Change Adaptation for Agriculture.” Municipal 

Mayor Rey P. Lacoste signed the ordinance on September 23, 2015. A copy of 

the ordinance is presented in Annex 12 of the 3rd Annual Performance Report.  

September 23, 

2015 

 

BAWP officially launched the Seasonal Climate Forecast and Extension Advisory 

(CLEA). It was immediately followed by the annual RTD at the municipal level. 

The main agendum of the RTD was to elicit views from the various 

stakeholders on the future activities of the Buhi-Barit Watershed Management 

Council. Minutes of the activity is presented in Annex 11 (3rd Annual 

Performance Report) 

July 11, 2016 BAWP through Ms. Olaño sent invitation letters to LGU officials at the 

municipal and barangay levels, RDCs and Farmers’ Associations for the annual 

RTDs conducted by BAWP in Buhi.  

BAWP sent a letter to the Office of the Mayor and Municipal Agriculturist of 

Buhi to request for an appointment with them on July 19, 2016. 

July 19, 2016 Project Director, Dr. Rola, with Co-PI and Policy and Institutions Specialist, Ms. 

Elazegui and BAWP staff had a meeting with Hon. Margarita Aguinillo and Mr. 

Edgar Collao (municipal agriculturist) and Mr. Beethoven Nachor (municipal 

administrator) at the Office of the Mayor. Hon. Aguinillo is the newly elected 

mayor so Dr. Rola shared with her an overview of BAWP and its activities in 

Buhi with particular focus on the CLEA. The summary of discussions and 

agreements during the meeting are presented on Annex 18 of the Annual 

Performance Report. 

August 2, 2016 The updated version and CLEA for the wet season of 2016 (June-November) 

was presented during the annual RTD of BAWP in Buhi, Camarines Sur.  The 

climate forecast was explained by Ms. Vina Peñasarada, Climate Data Analyst of 

BAWP while the Good Practice Options (GPOs) advisory based on the climate 

outlook was presented by Mr. Philip Ignao, agricultural technician in MAS-Buhi. 

Comments and suggestions on how the CLEA can be improved were also 

elicited. Proceedings of the RTD are presented on Annex 15 of the 4th Annual 

Performance Report. 

August 17, 2016 BAWP requested for a special meeting with the Sangguniang Bayan (SB) of Buhi 

to present the Project to the new set of councilors and to discuss institutional 

support for the CLEA. A formal letter of request was submitted to the LGU of 

Buhi. 

September 12, 

2016 

The LGU of Buhi approved the request of BAWP to hold a special meeting with 

the SB of Buhi. The schedule set is on September 27, 2016 at the SB Hall of 

Buhi. 

September 15, 

2016 

Ms. Olaño-Agua had a meeting with Mr. Beethoven Nachor, Municipal 

Administrator, and Mr. Camasis, Executive Secretary of Mayor Aguinillo of LGU 

Buhi. They discussed the inclusion of the Governance Framework drafted by 

BAWP with the TWG on the presentation of BAWP to SB of Buhi members on 

September 27, 2016. 

September 27, 

2016 

Dr. Cely Binoya presented an overview of BAWP and discussed the activities of 

the Project in Buhi and at the Buhi-Barit watershed. Ms. Olaño-Agua discussed 

the governance framework of the proposed BBWMC. Members of the 
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Municipal Council expressed support to the CLEA. 

October to 

December 2016 

BAWP drafted the ordinance for the institutionalization of the CLEA. 

BAWP identified councilors who may sponsor the CLEA ordinance. 

January 19, 2017 BAWP transmitted the draft CLEA ordinance to the Mayor’s Office and 

Municipal Agriculture Office of Buhi. 

January 30, 2017 A soft copy of the CLEA ordinance was submitted to the LGU of Buhi via email. 

February 3, 2017 BAWP through Ms. Olaño-Agua requested for a meeting with Councilor Raul 

Libardo, Chairman of the Committee on Agriculture, to discuss the draft CLEA 

ordinance. Ms. Olaño-Agua was instructed to return to the LGU of Buhi on 

February 6, 2017 to schedule the meeting with Coun. Libardo. 

February 6, 2017 Coun. Libardo confirmed with Ms. Agua that the meeting will be on February 9 

(Thursday) at 9 in the morning. 

February 9, 2017 Ms. Faulmino and Ms. Peñaserada attended the meeting with Coun. Libardo. Ms. 

Faulmino discussed the contents of the draft CLEA ordinance with Coun. 

Libardo and took note of minor revisions needed. 

Ms. Faulmino also informed Coun. Libardo of the scheduled turnover ceremony 

of BAWP-introduced models to project partners, and invited him, Vice Mayor 

Rey Lacoste and Mayor Margarita Aguinillo to attend. Official invitations will be 

sent to them the following week. 

Ms. Peñaserada also presented the latest CLEA with CAMDT inputs to Coun. 

Libardo who provided assurance that the SB of Buhi will pursue the 

institutionalization of the CLEA. 

February 13, 

2017 

Coun. Libardo informed Ms. Faulmino that the first reading of the CLEA 

ordinance had already taken place, and that the schedule of the Committee 

hearing is on February 16 (Thursday). 

February 16, 

2017 

Ms. Olaño-Agua attended the Committee Hearing for the CLEA ordinance. 

Minor edits were discussed and incorporated on the draft during the meeting. 

March 6, 2017 Ms. Olaño-Agua went to LGU Buhi to follow up on the status of the CLEA 

ordinance. She assisted Coun. Libardo in submitting the edited copy of the 

CLEA ordinance to the SB Secretary. The public presentation of the CLEA 

ordinance is to be scheduled. 

March 27, 2017 Coun. Libardo invited Ms. Faulmino to attend the public hearing for the CLEA 

ordinance on March 30 to be held at the SB Hall of LGU Buhi. 

March 28, 2017 Coun. Libardo informed Ms. Faulmino that the schedule of the public hearing 

was moved to March 31. 

March 31, 2017 Ms.  Peñaserada presented the CLEA during the public presentation. It was 

attended by representatives from the various offices in LGU Buhi and irrigators’ 

associations. Minor changes in offices involved in the implementing mechanism 

section were suggested during the meeting. 

May 15, 2017 Coun. Libardo informed Ms. Agua during her visit to LGU Buhi that the CLEA 

ordinance is already in its final and third reading. 

The CLEA ordinance was signed and approved. 

TARGETS ACCOMPLISHED 

 

  

 

III. Study site:  Nabua, Camarines Sur 



Bicol Agri-Water Project FINAL REPORT (OCT. 1, 2012 – DEC. 31, 2017) | 17 

 

Issue:  Flooding (due to water overflowing from Lakes Buhi and Bato) 

 

Agreements:   

 Draft ordinance on irrigation water management 

 Creation of Development Council/management framework 

 Drafting of local environmental code 

 Drafting of barangay level ordinances related to irrigation management 

 IEC advocacy 

 Resource Generation Strategy 

 Private sector participation 

 Project on Reviving the Tabao River, siltation management and reforestation 

 

Contact person: Councilor Noel F. Grecia, Councilor Sonny Prades. Municipal Agriculturist Jesse 

Arnel Duran 

 

TRACKING FOR MUNICIPAL LEVEL TARGETS: 

 

Date Updates/Remarks 

November 

26, 2013 

Sangguniang Bayan (SB) special session, Nabua, Camarines Sur 

 BAWP project presentation 

 The SB has made some initiatives towards this such as draft Environment 

Code, resolutions and ordinances that need amendments but will need the 

assistance of the BAWP project team in refining them.  The Joint Committee 

on Agriculture and Environment will be addressing these concerns. 

 The SB also wants to address the mode of implementation of programs on 

water management with the NIA such that planning of the NIA should be 

harmonized with those of the farmers and the LGU. The prohibition of the 

establishment of brush dams should also be discussed. 

December 

19, 2013 

 

Meeting with Councilor Orbita 

 Requested a copy of minutes of the SB session last Nov. 26 

 Requested copies of ordinances and resolutions regarding agriculture and 

environment (see attached list of ordinances and resolutions) 

January 27, 

2014 

 Meeting with Councilor Orbita to follow up the following:  

 Minutes of the committee hearing and council meeting (environment and 

agriculture committee) 

 Minutes of the special session conducted last December 2013  

 Environment code (for review of BAWP to include management of water 

irrigation) 

March 12, 

2014 

Suggested additions to the draft Nabua Environment Code were written and sent 

to Coun. Virgenia Oñate 

July 3, 2014 Ms. Punzalan provided MAO Arnel Duran a copy of Ordinance No. 2011-02 “AN 

ORDINANCE DECLARING THE DUMANGAS CLIMATE FILED SCHOOL AT 

THE AGRO-MET STATION BUILDING IN BARANGAY P.D. MONFORT 

SOUTH, THIS MUNICIPALITY AS AN INSTITUTION FOR LEARNING FOR THE 
CLIMATE FORECAST APPLICATION FOR AGRICULTURE”  

July 4, 2014 Ms. Aya Pentecostes, Project Assistant in Bicol was assigned to follow up activities 
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in Nabua. 

August 6, 

2014 

Ms. Aya Pentecostes followed up on the draft of the Nabua Environment Code to 

Coun. Virgenia Oñate. The Environment Code was scheduled to be submitted on 

the last week of August and was scheduled for public hearing in September.  

September 

16, 2014 

RTD for Improved Irrigation Water Management was conducted in the Municipality 

of Nabua. Municipal Agriculturist Jesse Arnel Duran, headed the RTD. Municipal 

councilors of Committees on Agriculture and Environment, barangay chairmen and 

committee chairs of agriculture were also present. The main agenda of the RTD 

was to elicit views from the LGUs on the formulation of municipal ordinance for 

the continued conduct of the Climate Field School and to gain knowledge on agro-

climate tools to support decisions for managing climate risks at the farm level.  

Highlights of the RTD are presented in Annex 15 of 2nd Annual Performance 

Report.  

February 6, 

2015 

BAWP provided a copy of the draft ordinance for the Institutionalization of CFS in 

Nabua. The draft ordinance was crafted by Councilor Sta. Rosa of the Municipality 

of Buhi.  

February 23, 

2015 

The municipality enacted the “Ordinance No. 052-2015  entitled“AN 

ORDINANCE INSTITUTIONALIZING THE CONDUCT OF CLIMATE-SMART 

FARMERS FIELD SCHOOL THRU THE OFFICES OF MUNICIPAL AGRICULTURE 

(MA) AS A VENUE FOR LEARNING CLIMATE CHANGE ADAPTATION FOR 

AGRICULTURE APPROPRIATING FUNDS THEREOF AND FOR OTHER 

PURPOSES. A copy of the ordinance is presented in Annex 12 of 2nd QPR Y3. 

May 19, 2015 Mr. Jesse Duran, MAO of Nabua, served as a respondent for the KII with the 

members of TWG for Lake Buhi and Buhi-Barit Watershed Management. The main 

purpose of the KII was to identify policies that constrain agency or institutional 

performance of functions related to management of Buhi-Barit watershed including 

Lake Buhi. Nabua is one of the members of the TWG for the watershed 

management of Buhi-Barit. 

September 

22, 2015 

BAWP officially launched the Seasonal Climate Forecast and Extension Advisory. It 

was immediately followed by the annual RTD at the Municipal Level. The main 

agenda of the RTD was to elicit views from the various stakeholders on the future 

activities of theBuhi-Barit Watershed Management Council and the Irrigation 

Committee of the ATQAWMC. Highlights of the RTD are presented in Annex 11 

of the 3rdAnnual Performance Report.  

July 20, 2016 Project Director, Dr. Rola, with Co-PI and Policy and Institutions Specialist, Ms. 

Elazegui and BAWP staff had a meeting with municipal agriculturist of Nabua, Ms. 

Duran, in MAS-Nabua. They discussed the upcoming RTD in Nabua, the CLEA and 

some recommendations of Mr. Duran on the future activities of BAWP. Highlights 

of the meeting are presented on Annex 18 of the 4th Annual Performance Report. 

September 

14, 2016 

Dr. Cely Binoya presented an overview of BAWP and discussed the activities of the 

Project in Nabua. Councilors received the CLEA and other Project activities 

positively. 

October to 

December 

2016 

BAWP drafted the ordinance for the institutionalization of the CLEA. 

BAWP identified councilors who may sponsor the CLEA ordinance. 

February 3, 

2017 

BAWP through Ms. Bolivar requested for a meeting with Councilor Noel Grecia, 

Chairman of the Committee on Agriculture and Environment, to discuss the draft 

CLEA ordinance.  

February 9, Ms. Faulmino, Ms. Bolivar and Ms. Peñaserada attended the meeting with Coun. 
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2017 Grecia. They discussed the contents of the CLEA and the process of ordinance 

approval. One of the questions asked by Coun. Grecia was about the determination 

of the budget needed, to which Ms. Faulmino replied that it may be advised by the 

Municipal Agriculturist in consultation with the Mayor. 

 

Coun. Grecia said that they are already fast-tracking the approval of the CLEA 

ordinance, and that the public presentation of the CLEA will be on February 15. It 

was agreed that Ms. Peñaserada will attend to present the CLEA. 

 

Coun. Grecia also informed the BAWP team that a resolution adopting and 

promoting the CLEA in Nabua had been made last September 2016 (See Annex 10), 

and that the CLEA ordinance will only be a further institutional support for the 

production and dissemination of the CLEA. 

 

Lastly, the BAWP team also met with Vice Mayor Marissa Velitario-Hao for 

courtesy. Ms. Faulmino informed Vice Mayor Hao of the scheduled turnover 

ceremony of BAWP-introduced models to project partners and invited her to 

attend with Coun. Grecia and Mayor Delia Simbulan. However, Vice Mayor Hao 

cannot attend due to a prior week-long engagement in conflict with the schedule, 

but she will send a representative to attend on her behalf. 

February 15, 

2017 

Ms.  Peñaserada presented the CLEA during the public presentation. It was 

attended by barangay captains and chairmen on committees on agriculture of 

barangay councils. No revisions were suggested, and the CLEA ordinance was 

received positively. 

February 27, 

2017 

The CLEA ordinance was approved during the 8th regular session of the Sangguniang 

Bayan of Nabua, Camarines Sur. 

TARGETS ACCOMPLISHED 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Annex 2.2: TRACKING OF ALBAY ACTIVITIES FOR WATER GOVERNANCE1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
1 Prepared by Catherine M. Punzalan, Training Associate (October 2012-January 2016); Chrislyn Joanna P. Faulmino, 

Training Associate (February 2016-December 2017); Reviewed by Ms. Dulce Elazegui, Policy and Institution Specialist 
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OUTCOME 3 - TRACKING OF GOVERNANCE ACTIVITIES IN ALBAY 

(Based on roundtable discussions, meetings, and training-workshops on policy 

analysis and participatory policy analysis) 

 

Expected outputs: 

Municipal Level: Ordinances adopting climate risk management strategies (Climate Field School and 

Seasonal Climate Forecast and Extension Advisory) 

Sub-watershed Level: Resolution creating a Committee on Irrigation in the Albay Tres Quinale A 

Watershed Management Council (ATQAWMC) (January 2014 – July 2016); 

Resolution adding the National Irrigation Administration (NIA) and Federation of 

Irrigators’ Administration to the Executive Committee of the ATQAWMC (August 

2016 – August 2017); Executive Order including the   National Irrigation 

Administration Provincial Irrigation Management Office (NIA-PIMO) and Albay 

Federation of Irrigators’ Association (AFIA) (September 2017 onwards) 

I. Study site:  Quinale A sub-watershed   

Issues:   

Management-related 

 Siltation of waterways or dilapidation of canals  

 Poor irrigation and water distribution  

Technology-related 

 Poor efficiency of irrigation water structures 

Agreements:   

 

A. SUB-WATERSHED LEVEL 

 Set meetings with directors of various institutions involved and raise the solutions for 

implementation 

 Creation of a sub-committee on irrigation management in the ATQAWMC (January 2014 – July 

2016) 

 Inclusion of the National Irrigation Administration (NIA) and the Federation of Irrigators’ 

Association in the membership of the ATQAWMC Executive Committee (August 2016- August 

2017) 

 Inclusion of the National Irrigation Administration (NIA) and the Federation of Irrigators’ 

Association in the membership of the Albay Biosphere Management Council (ABMC) Executive 

Committee (September 2017 – December 2017) 

 

B. PROVINCIAL LEVEL 

 Draft resolutions based on the major problems identified 

- Dredging of irrigation waterways 

- Water balance 

- Provide funds for restoration of irrigation structures 
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TRACKING FOR SUB-WATERSHED LEVEL AGREEMENTS 

 

Contact unit/persons:  ATQAWMC; Forester Joseph Guiriba, DENR; OIC-RD Crisanta Marelene 

Rodriguez, DENR; ARD for Technical Services Roberto Sheen, DENR; Ms. Grace Carino, DENR; Ms. 

Karol Go, PLGU Albay 

 

Date Updates/Remarks 

December 6, 

2013 

BAWP presentation to the Bicol Regional Development Council full 

council meeting in NEDA, Legazpi City, Albay 

This provided the Council knowledge about the expected outcomes from the 

project. This is an initial step to exploring opportunities for further discussion on 

the creation of a sub-committee on irrigation management in the Albay Tres 

Quinali A Watershed Management Council. 

January 28, 2014 

 

Meeting with Mr. Luis Banwa, NEDA Region 5 

 Mr. Banwa suggested that the proposal to create a sub-committee on 

irrigation in the ATQWMC be discussed with the Council (c/o DENR) 

 

Meeting with Forester Joseph Guiriba, DENR Region 5 

 BAWP provided a copy of the draft resolution entitled “Endorsing to the 

Watershed Management Council of Quinale A to Forester Guiriba”.  He 

said he will discuss this in the next council meeting.  

April 7, 2014 BAWP provided Mr. Joseph Guiriba of DENR the draft resolution for the 

ATQAWMC on irrigation sub-committee and requested him to provide a 

timeline on when he will present it to the Council Meeting of ATQAWMP.  

April 15, 2014 Mr. Guiriba reviewed and edited the draft resolution.  BAWP requested Mr. 

Guiriba his timeline on when to present the agreement on “Creation of a Sub- 

Committee on Irrigation Management in ATQAWMP”.   

June 18, 2014 Ms. Napay followed up Mr. Guiriba regarding the creation of the sub-irrigation 

committee to be presented at the ATQAWMP meeting, however, Mr. Guiriba 

was not able to secure dates for the meeting. 

July 3, 2014 Ms. Punzalan talked to Mr. Guiriba regarding the creation of the sub-irrigation 

committee to be presented at the ATQAWMP meeting. However, Mr. Guiriba 

mentioned that the council still doesn’t have a special meeting. BAWP suggested 

that if the ATQAWMP will not able to secure dates for the special meeting, the 

project will invite the council at the annual RTD of the project and one of the 

agenda of RTD will be the creation of the sub-irrigation committee.  Mr. Guiriba 

requested that the venue be in Albay.   

September 17, 

2014 

BAWP sent a letter to ATQAWMC requesting to include in their agenda the 

proposal on the creation of sub-irrigation committee and to discuss to the 

council the details of the proposal. Both parties including the proposed members 

of the sub-irrigation committee agreed to discuss the issue during the RTD on 

September 30, 2014.  

September 23, 

2014 

Project partners from Albay suggested to reschedule the RTD due to the state 

of calamity situation of Albay.   
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September 25, 

2014 

BAWP sent letters to RTD participants requesting to reschedule the RTD in 

October 2014 due to the situation of Albay.   

November 5, 

2014 

An RTD was conducted at Alby’s Albay Café, Sagpon, Daraga Albay. It was 

attended by the members of the ATQAWMC and the proposed members of the 

Committee on Irrigation. It was agreed that a committee will be created instead 

of sub-irrigation committee since the council doesn’t have a committee on 

irrigation yet. Highlights of the RTD are presented in Annex 9 of Year 3, 1st 

Quarterly Report.  

January 28, 2015 Ms. Punzalan and Ms. Polo had a meeting with Mr. Joseph Guiriba of DENR to 

follow up on the meeting of the ATQAWMC. Mr. Guiriba requested BAWP to 

prepare and initiate the drafting of the responsibilities of the proposed members 

of irrigation committee. Mr. Guiriba also introduced the BAWP staff to Mr. 

Jeffrey Sa-ong of B+WISER, also a project funded by the USAID. He suggested 

that the BAWP coordinate with B+wiser when conducting meetings.     

March 2015 An agreement was drafted and shared to the proposed members of the 

Irrigation Committee for their review.  

March 26 2015 The BAWP headed by Dr. Agnes Rola, Co-PI Dr. Antonio Payonga and BAWP 

staff had a meeting with Mr. Joseph Guiriba of BRBPCO, DENR. The 

chairmanship of the committee was discussed. It was agreed that the temporary 

chairman of the committee will be BUCAF as NIA refused to hold the position 

due to the current voluminous work load as explained on their formal letter 

dated March 4, 2015. The project also requested for a meeting with the TWG of 

ATQAWMC to discuss the creation of the Irrigation Committee and the 

chairmanship. Mr. Guiriba mentioned that the meeting will be on April 7, 2015 in 

Legazpi City, Albay. He also suggested that the Project should write a letter 

requesting that the activity be one of the agenda of the ATQAWMC TWG 

meeting.  

April 28, 2015 The project team presented the BAWP project in the Joint DENR Regional 

Working Group and LGU Watershed Management Council TWG meeting on 

April 28, 2015.  The TWG appreciated the BAWP effort in facilitating the 

creation of Irrigation Management Committee in the ATQWMC.  

June 4, 2015 Following the NIA’s decline to chair the committee, the BAWP sent a letter to 

NIA Regional Director, Engr. Vicente Vicmudo, requesting for a 

recommendation on the chairmanship of the committee. Engr. Cristeta Mesias, 

IMO of Albay, was endorsed to chair the committee. The Regional Office of NIA 

will send an endorsement letter addressed to the IMO of Albay.  

June 17, 2015 Dr. Antonio Payonga had a meeting with DENR Asst. Regional Director for 

Technical Services, Dr. Al Orolfo. Dr. Orolfo was appointed as the new ARD as 

a replacement to Atty. Antonio Abawag.  

 

The main agenda of the meeting was to request for a meeting with the TWG of 

the ATQAWMC and to discuss the proposed creation of Irrigation Committee 

Dr. Payonga also introduced the BAWP Project and enumerated some of its 

activities.  

June 25, 2015 The BAWP presented an agreement for the creation of Irrigation Committee 

within the TWG of the ATQAWMC on June 25, 2015 at CENRO Guinobatan. 

The first part of the presentation highlighted the project activities for the past 2 

years. The 2nd part of the presentation focused on discussing the proposed 

creation of the Committee on Irrigation in the ATQAWMC and finalization of 



  Bicol Agri-Water Project FINAL REPORT (Oct. 1, 2012 – December 31, 2017)| 5 

the draft agreement on the creation of the Committee on Irrigation. Details of 

the meeting are presented in Annex 11 of the 3rd QPR Y3. 

 

The BAWP will submit the agreement to Ms. Grace Cariño of DENR.  A draft 

endorsement letter will also be prepared for the creation of the committee.  

June 27, 2015 Draft endorsement letter and agreement on the creation of Irrigation 

Committee was forwarded to Ms. Polo. Ms. Polo will submit the documents to 

Ms. Grace Cariño of DENR.  

July 22-23, 2015 Dr. Agnes Rola, together with Ms. Punzalan, attended the First State of the 

Watershed Governance Reporting: Quinale A Watershed at the St. Ellis Hotel, 

Legazpi City. The activity was spearheaded by the Biodiversity and Watersheds 

Improved for Stronger Economy and Ecosystem Resilience (B+WISER) Program. 

As part of the IEC of the Irrigation Committee, Dr. Rola presented to the group 

the proposed creation of the Irrigation Committee within the TWG of 

ATQAWMC.  

August 12, 2015 The BAWP conducted its Annual Roundtable Discussion (RTD) at the 

Watershed Level. The TWG of the ATQAWMC headed by Dr. Al Orolfo as 

well as representatives from the Philippine Institute of Volcanology and 

Seismology (PHILVOCS), National Irrigation Administration (NIA), Department 

of Environment and Natural Resources (DENR), Department of Interior and 

Local Government (DILG), National Economic and Development Authority 

(NEDA) and Local Government Units (LGUs) of Polangui, Ligao, Oas, and 

Guinobatan were present during the said activity. Highlights of the RTD is 

presented in Annex 11 (3rd Annual Performance Report)  

 

The main agenda of the RTD was to discuss and finalize the creation of 

Committee on Irrigation within the TWG of ATQAWMC.  Before the activity 

ended, Dr. Al Orolfo, fully endorsed and signed the endorsement letter for the 

creation of Irrigation Committee. The BAWP will facilitate the signing of the 

TWG members who are not present during the RTD.  

Sept. to Oct. 

2015  

Ms. Polo facilitated the signing of the endorsement letter of all the members of 

the TWG of ATQAWMC.  

Nov. 16, 2015 The BAWP requested to have a meeting with Dr. Orolfo to officially submit the 

signed endorsement letter of the TWG for the ATQAWM Council. Ms. Polo 

inquired on the availability of Dr. Payonga and Dr. Orolfo and requested to have 

a meeting to discuss the signed endorsement letter. 

 

The project will inquire and request for the schedule of the Council meeting.  

The proposed agenda of the council meeting will focus on the endorsement 

letter of the TWG for the creation of the Irrigation Committee to the Council.  

Dec. 4, 2015,  To secure a schedule with Dr. Al Orolfo, TWG head of ATQAWMC, the 

BAWP sent a formal letter requesting for an appointment to inquire about the 

Executive Committee Meeting of the Council. The meeting with the council aims 

to formally endorse the creation of the Irrigation Committee.  

January 2016 ARD for Technical Services and TWG head of ATQAWMC Dr. Al Orolfo was 

re-assigned to the Negros Region and was replaced by Crisanta Marlene 

Rodriguez. The change in institutional arrangement became a constraint for the 

BAWP to facilitate the endorsement of the Irrigation Committee to the 

ATQAWMC. 
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February 23, 

2016 

The BAWP submitted a letter to DENR Director Gilbert Gonzales, co-chair of 

the Executive Committee of the ATQAWMC, to request that the draft 

resolution regarding the proposed Committee on Irrigation Management be 

included in the agenda of the ATQWMC’s next meeting. 

March 9, 2016 Ms. Polo followed up on the letter submitted to the Director’s Office, and she 

was informed that the letter was forwarded to the office of the ARD for 

Technical Services on March 7 because the Director Gonzales was on trip. 

However, ARD Crisanta Marlene Rodriguez was also on trip and has not read 

the letter yet. 

 

Ms. Polo suggested that the BAWP request for a meeting to formally introduce 

the BAWP and orient ARD Rodriguez about its goals, current activities and the 

creation of the Irrigation Committee so that the Project may garner more 

support and be responded to with greater priority. 

March 28, 2016 Ms. Polo reported that the scheduled meeting with ARD Rodriguez is on April 4, 

2016 at the DENR office in Rawis, Legazpi. She and Dr. Payonga will be attending 

the meeting. 

April 4, 2016 Dr. Payonga and Ms. Polo met with the recently appointed Asst. Regional 

Director for Technical Services - DENR Region 5, Ms. Crisanta Marlene 

Rodriguez. Dr. Payonga presented an overview of the BAWP and discussed the 

proposed creation of the Irrigation Committee within the ATQAWMC to ARD 

Rodriguez and other new focal persons from the BRB and FMS offices. ARD 

Rodriguez agreed to coordinate with Ms. Polo regarding the schedule of the 

ATQAWMC’s Execom meeting. 

June 6, 2016 Ms. Faulmino followed up on the schedule of the ATQWMC Execom meeting. 

Ms. Polo said that no feedback has come from DENR yet, and she was informed 

that the Execom meeting would most likely be scheduled after the inauguration 

of newly elected officials. 

July 11, 2016 Ms. Polo submitted a letter to DENR for ARD Rodriguez inviting the 

ATQAWMC to the annual watershed RTD conducted by BAWP, but she was 

informed that there had been changes on the set of directors in DENR Region 5. 

Ms. Crisanta Marlene Rodriguez is the newly appointed OIC-Regional Director 

while Mr. Roberto D. Sheen is the new ARD for Technical Services. 

July 12, 2016 Following the changes on key positions in DENR Region 5, BAWP sent a letter 

to DENR requesting for an appointment with Regional Director Rodriguez and 

ARD Sheen on July 19, 2016, but DENR has a scheduled activity on the 

requested date. BAWP inquired about the soonest available dates of OIC-RD 

Rodriguez and ARD Sheen as it was important to discuss with them the 

upcoming RTD for Quinale A tentatively scheduled on August 3, 2016. BAWP 

was informed that the appointment can be scheduled on July 26, 2016. 

July 26, 2016 Dr. Elena De Los Santos, Co-Project Director of BAWP, attended the 

appointment with OIC-RD Rodriguez and ARD Sheen. She presented the 

overview of BAWP and explained the status of activities in Quinale A, 

particularly the creation of the Irrigation Committee within the ATQAWMC. 

 

Due to time constraints, it was agreed that the RTD for Quinale A be 

postponed to September 21, 2016. The RTD will be one of the agenda of the 

ATQAWMC Execom meeting in August 2016 to be sponsored by the B+WISER 

project. 
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The ATQAWMC/DENR will be in charge of inviting members of the Council to 

the RTD, and Ms. Polo will coordinate with them regarding this.  

 

To gain more insight on the creation of the Irrigation Committee, OIC-RD 

Rodriguez and ARD Sheen requested for the proceedings of the previous 

Quinale A RTDs. 

August 10, 2016 Ms. Polo submitted a copy of the minutes of the previous RTDs in Quinale A to 

Ms. Grace Cariño. She also followed up on the schedule of the Execom meeting 

of the ATQWMC, and Ms. Cariño said that Engr. Nerissa Herrero, BRB Focal 

Person, had already been instructed to coordinate with the Execom for the 

meeting. Ms. Polo went to Engr. Herrero’s office, but she was not present at the 

time of the visit. Ms. Polo was advised to return the following week. 

August 17, 2016 Ms. Polo visited the office of Engr. Herrero to follow up on the Execom meeting, 

but she was informed that Engr. Herrero had not attended to the coordination 

yet. She informed Ms. Polo that she has no definite ideas about how to 

coordinate and schedule the meeting, and that she currently has a voluminous 

workload. She suggested that Ms. Polo ask Ms. Cariño about the agenda of the 

Execom meeting. With that, she was advised to return on August 22, 2016 

(Monday) to meet with Ms. Cariño and Mr. Joseph Guiriba so that Engr. Herrero 

can be briefed about the specific points of action. 

August 22, 2016 The meeting of Ms. Polo with Ms. Cariño, Mr. Joseph Guiriba and Engr. Herrero 

was postponed. She was requested to return on Wednesday (August 24, 2016). 

August 24, 2016 Ms. Polo reported that the date set for the Execom of the ATQAWMC is on 

August 30, 2016. 

August 25, 2016 DENR 5 sent an invitation letter through email to BAWP staff inviting Dr. Rola 

to present updates on the activities of BAWP. 

August 30, 2016 Dr. Payonga, Co-PI and Upland Agriculture Specialist of BAWP, along with Ms. 

Polo, Ms. Faulmino and Ms. Sambajon attended the Execom meeting of the 

ATQAWMC. The agenda of meeting was to create acquaintances among the 

new members of the Council following recent appointments in key positions, 

project updates from the ATQAWMP, B+WISER and BAWP, and creation of 

the Irrigation Committee as proposed by the TWG of the ATQAWMC with 

assistance from BAWP. Dr. Payonga presented the BAWP overview and updates 

on behalf of Project Director Dr. Rola. After the projects’ presentation of 

updates, the program’s emcee read the draft resolution for the creation of the 

irrigation committee, followed by an open forum. After deliberating, the Execom 

decided to expand the membership of the ATQAWMC to include the NIA and 

the Federation of Irrigators’ Association instead of creating an Irrigation 

Committee within the TWG of the Council. (Annex 22 of the 4th Annual 

Performance Report) 

September 29, 

2016 

BAWP conducted the annual roundtable discussions with the TWG of the 

ATQAWMC to report updates on the creation of the Irrigation Committee. 

Proceedings of the RTD are presented in Annex 17 of the Annual Performance 

Report. 

October 6, 2016 BAWP sought to clarify with DENR/ATQAWMC which irrigators’ organization 

(e.g. Federation of Irrigators’ Association, Confederation of Irrigators’ 

Association) will be included to the Executive Committee of the ATQAWMC. 

Ms. Polo communicated with Mr. Joseph Guiriba, but he was attending a training. 

He requested Ms. Polo to follow up on the matter again the following week. 
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October 11, 

2016 

Ms. Polo submitted the copy of the minutes of the RTD last September 29, 2016 

to the Bicol River Basin (BRB) office upon request of Engr. Nerissa Hererro.  

Ms. Polo also asked Engr. Herrero which irrigators’ organization (e.g. Federation 

of Irrigators’ Association or Confederation of Irrigators’ Association) will be 

included to the Executive Committee of the ATQAWMC. Engr. Herrero said 

Mr. Guiriba knows more about the matter, but Mr. Guiriba was out for a field 

visit that day. 

October 27, 

2016 

Ms. Polo coordinated with the ATQAWMC Secretariat thru Mr. Joseph Guiriba 

if they already have a draft resolution endorsing the addition of the National 

Irrigation Administration (NIA) and Federation of Irrigators’ Association to the 

ATQAWMC Execom. Mr. Guiriba said there was still none because the TWG is 

yet to discuss agreements during the Execom meeting last August 30, 2016, and 

which irrigators’ association to include in the Council.  

November 10, 

2016 

Ms. Polo submitted the draft resolution for the expansion of the ATQAWMC 

membership drafted by BAWP to the secretariat of the Council.  

December 1, 

2016 

Ms. Polo followed up on the status of the resolution, but she was informed that 

the secretariat has not reviewed the draft yet. She was also informed that there 

might be a re-shuffling of positions among the officers in DENR 5, which can 

affect the activities of the ATQAWMC. 

December 14, 

2016 

Ms. Polo inquired about when the next Council meeting will be scheduled; Mr. 

Guiriba responded that the next Council meeting will be held next year. There 

were also no updates about the resolution during her visit. 

January 20, 2017 Ms. Polo-Loremia transmitted the draft resolution to the office of Assistant 

Regional Director for Technical Services of DENR and Chairman of the 

Technical Working Group (TWG) of the ATQAWMC Engr. Roberto D. Sheen. 

January 23, 2017 Ms. Polo-Loremia inquired about the availability of Engr. Sheen for a meeting 

from his secretary in DENR. The meeting was tentatively scheduled on February 

1, 2017. 

February 1, 

2017 

Ms. Dulce Elazegui and Ms. Polo-Loremia had a meeting with Engr. Sheen and 

Ms. Romela Balingasa of the Bicol River Basin office. Ms. Elazegui presented an 

overview of BAWP, some of its accomplishments and the activities of the project 

for the Quinali A watershed. Upon review of pertinent documents and 

discussion of next steps, Engr. Sheen agreed to endorse the resolution adding 

the National Irrigation Administration and the Federation of Irrigators’ 

Associations to the Executive Committee of the ATQAWMC. He will 

coordinate with Ms. Polo-Loremia once the endorsement letter had been 

drafted. 

February 10, 

2017 

Ms. Polo-Loremia was informed that the endorsement letter had already been 

drafted by the secretariat but was not yet signed by ARD Sheen because he was 

on official trip. 

February 24, 

2017 

Ms. Polo-Loremia followed up on the endorsement letter for signature of ARD 

Sheen, but it had not yet been signed. 

March 8, 2017 Ms. Polo-Loremia followed up on the endorsement letter for signature of ARD 

Sheen, but it had not yet been signed. 

March 22, 2017 Ms. Polo-Loremia followed up on the endorsement letter; She was informed by 

his secretary that Engr. Sheen forwarded the letter to Engr. Nerissa Herrero of 

the BRB office. Ms. Polo-Loremia went to the BRB office, but Engr. Herrero was 

on field. She tried to contact Engr. Herrero via mobile, but her call was not 

answered. 
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March 27, 2017 Ms. Polo-Loremia followed up on the endorsement letter for signature of ARD 

Sheen, but it had not yet been signed. 

April 4 2017 Ms. Loremia followed up on the endorsement letter; however, it was still 

unsigned. She was informed that there were new Bicol River Basin Focal 

Persons: Ms. Marlene Francia and Liezel Valenciano. 

April 18, 2017 Ms. Loremia followed up on the status of the endorsement letter. According to 

the staff, the letter and the attachments cannot be found. New set of documents 

were provided. 

May 9, 2017 Ms. Polo followed up on the endorsement letter for signature of ARD Sheen, but 

the rejection of Ms. Gina Lopez’s appointment as DENR secretary preceded 

possible re-shuffling/re-appointment of staff and officials. Signing of similar 

documents were halted.  

May 25, 2017 Ms. Loremia followed up on the endorsement letter, but it was not yet signed. 

 

June 2, 2017 Ms. Polo re-submitted drafts of the endorsement letter and resolution to ARD 

Sheen. 

June 19, 2017 

 

Ms. Loremia followed up on the status of the endorsement letter; it was still not 

yet signed by ARD Sheen. 

June 28, 2017 Ms. Loremia followed up on the endorsement letter, however ARD Sheen is out 

of town for the past week and had not signed the endorsement yet. 

July 4, 2017 Ms. Retumban, Bicol River Basin office staff, informed Ms. Loremia that she 

needs to consult with Engr. Sheen again before he signs the endorsement letter. 

July 10, 2017 Ms. Loremia had a meeting with ARD Engr. Sheen and CDD Chief Ms. Cariño. 

They suggested to conduct a TWG meeting in order to present the 

endorsement letter and the draft resolution. The proposed date of the meeting 

is July 27, 2017. 

July 18, 2017 Ms Loremia delivered the request letter to convene the TWG, however ARD 

Sheen, Ms. Cariño and Ms. Francia were on travel. She was requested to return 

the following day. 

July 19,2017 Ms. Loremia had a meeting with Ms. Francia (Officer-in-charge CDD Chief in the 

absence of Ms. Cariño). She suggested to hold the TWG meeting on August 2, 

2017 instead of July 27, 2017 because of conflicts in schedule. She requested Ms. 

Loremia to assist in the distribution of communication to TWG members upon 

approval of RD Rodriguez.  

July 24, 2017 Ms. Loremia followed up on the status of the communication letter for the 

TWG meeting scheduled on August 2, 2017. Ms. Barreda informed Ms. Polo that 

the letter is still in the office of RD Rodriguez.  

July 27, 2017 Ms Loremia picked up the communication letters from the CDD office and 

distributed it to the TWG members. 

July 31, 2017 Ms. Barreda informed Ms. Loremia that the TWG meeting scheduled on August 

2, 2017 is cancelled because presiding officer ARD Sheen was called for at the 

central office DENR. Ms. Loremia requested DENR CDD to provide BAWP an 

official communication about cancellation of the meeting. 

Aug 1, 2017 Ms. Loremia informed the TWG members that the meeting was cancelled.  

Aug 4, 2017 Ms. Loremia followed up the new schedule of the TWG meeting, however the 

CDD has not come up with the new schedule yet.  
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Aug 9, 2017 Ms. Loremia had a meeting with Ms. Francia regarding the new schedule of the 

TWG meeting. It was scheduled tentatively on the week of Aug 21 – 25, 2017. 

Ms. Francia said she will inform Ms Loremia of the final schedule. 

Aug 14, 2017 Ms. Loremia followed up with DENR CDD regarding the new schedule of the 

TWG meeting, but there is no new schedule yet.  

Aug 23, 2017 Ms. Loremia went to the DENR to finalize the schedule and venue of the TWG 

meeting on September 6, 2017. 

Aug 31, 2017 Ms. Loremia picked up the communication letter for distribution to the TWG 

members. 

Sept 4. 2017 Ms. Loremia distributed the communication to TWG members.  

Sept 6, 2017 The TWG meeting was held at Hamada Hall DENR R5 Rawis Legazpi City. 

Proceedings of the meeting are in Annex 8 of the 5th annual performance report. 

Sept. 11, 2017 Ms. Faulmino communicated with Ms. Go about the office/organization to be 

included in the TWG of the ABMC. An official letter recommending the NIA 

Provincial Irrigation Management Office (PIMO) and the Albay Federation of 

Irrigators Association (AFIA). A copy of the letter is presented in Annex 9 of the 

5th annual performance report. 

Sept. 18, 2017 Ms. Faulmino followed up on the Executive Order (EO) to be issued by the 

PLGU of Albay. She was informed by Ms. Go that they will no longer issue the 

EO, but the ABMC will convene on September 29, 2017. Representative/s of 

BAWP may attend the said meeting. The PLGU will send an invitation letter 

addressed to Dr. Agnes Rola. 

Sept. 25, 2017 Ms. Faulmino followed up on the invitation letter for the ABMC meeting through 

Ms. Go. 

Sept. 26, 2017 The Provincial Office of Tourism, Culture and Arts of Albay sent an invitation 

letter to BAWP for the ABMC’s meeting on October 2, 2017. 

October 2, 2017 Dr. Antonio Payonga of BUCAF as BAWP Co-Principal Investigator and Ms. 

Edlynne Kaith Ravago attended the ABMC meeting with the following agenda: 

1. Updating and orientation 

2. Drafting of management plan 

3. Creation of TWG for management planning 

4. Determination of budget for management planning and resource 

assessment 

5. Schedule of regular meeting of ABMC and TWG 

 

Dr. Payonga recommended the inclusion of the National Irrigation 

Administration among the ABMC’s members. It is to be reflection on the revised 

Executive Order along with suggestions from other members. s 

October 18, 

2017 

Ms. Faulmino asked Ms. Karol Go if the revised Executive Order for the re-

organized ABMC had been drafted. Ms. Go replied that they were still working 

on it with their legal department. She also informed Ms. Faulmino that they will 

call for a Technical Working Group meeting for the ABMC, but the date is yet 

to be determined. 

October 30, 

2017 

Ms. Faulmino followed up on the schedule of the TWG meeting. Ms. Go replied 

that the meeting will be held on November 16, 2017. Ms. Faulmino inquired if a 

representative of BAWP can attend the meeting. 

November 2, 

2017 

Ms. Go informed Ms. Faulmino that a BAWP representative can attend the 

TWG meeting. The PLGU Albay will send Ms. Faulmino an invitation. 
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November 14, 

2017 

Ms. Faulmino followed up on the invitation letter to the ABMC TWG meeting 

from Ms. Go. She replied that their staff will send the invitation. 

November 15, 

2017 

Ms. Faulmino followed up on the invitation letter from Ms. Go. The letter was 

received within the day. Ms. Faulmino informed Ms. Go that Ms. Edlynne Kaith 

Ravago will attend the TWG meeting. Ms. Go asked if Dr. Payonga will attend 

the meeting because a representative of UNESCO Jakarta will attend the 

meeting, however Dr. Payonga had a prior commitment to attend to on the 

same day of the meeting 

November 16, 

2017 

Ms. Ravago attended the ABMC meeting with the following target agenda: 

 

1. Updating and levelling off in terms of availability of the following per area of 

        responsibility: 

a) Management Plans 

b) Maps 

c) Resource Assessments 

d) Other Data/ Documents which may be relevant/useful to ABMC 

Management 

e) Planning 

2. Presentation of the above listed documents/data to the TWG 

3. Determination of steps to be taken to address identified lack/needs based  

on the availability/absence/lack of the above listed 

4. Short talk by Hans Thulstrup, UNESCO Jakarta- Water and Environment   

Specialist 

5. MVNP World Heritage nomination Stakeholder’s Meeting 

 

However, since none of the member-agencies brought  

November 22, 

2017 

Ms. Go asked for the full name of BAWP’s focal person for inclusion in the 

updated Executive Order of the ABMC. Ms. Faulmino submitted the name of Dr. 

Agnes C. Rola as the Project Director. 

December 6, 

2017 

Ms. Faulmino inquired about the status of the revised Executive Order for the 

ABMC. Ms. Go informed Ms. Faulmino that the TWG meeting for December 

was cancelled due to other concerns of PLGU Albay that need immediate 

attention. The Council meeting and finalization of the Executive Order will be 

held in 2018, beyond the duration of BAWP’s implementation, but Ms. Go 

assured Ms. Faulmino that BAWP will be a member of the ABMC regardless of 

the project’s status. Ms. Faulmino suggested that since BAWP can no longer 

participate in the Council once the project ends, the Project may just be 

included among the introductory clauses of the Executive Order. 

 

Ms. Go also hoped that there could be a transition of some of the concerns 

addressed by BAWP. Ms. Faulmino said BAWP will provide PLGU Albay through 

Ms. Go a copy of the book that chronicles the project’s intervention once it is 

published. 

January 12, 2018 Ms. Faulmino asked Ms. Go if there are upcoming activities for the ABMC. Ms. 

Go replied that they will hold the meeting in February after the updated 

Executive Order is signed. 

Note: The NIA-PIMO and AFIA will be included among the members of the ABMC to be reflected by the 

updated Executive Order being prepared by the PLGU Albay for Council approval. Ms. Karol Go will continue 

coordinating with Dr. Antonio Payonga, BAWP Co-Principal Investigator of BAWP and Dean of BUCAF 

Graduate School, for irrigation sector concerns in the ABMC. 
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TRACKING FOR PROVINCIAL LEVEL AGREEMENTS 

 

Contact unit/persons:  BM Belen  

 

Date Updates/Remarks 

Nov. 19, 2013 SP regular session Legazpi City, Albay  

 BAWP project presentation 

 BAWP staff reiterated the agreement made during the BAWP Training-

workshop on Policy Analysis. The SB will formulate a local policy, e.g., an 

ordinance, Environment Code, but is requesting assistance from the BAWP 

team 

Feb 18, 2014 

 

The BAWP provided a draft ordinance entitled ‘Endorsing to the Honorable 

Governor of Albay an Ordinance for the Protection, Conservation, Rehabilitation 

and Management of the Watershed Areas within the Jurisdiction of the Province of 

Albay, Creating/reviving the Albay Watershed Management Council therefore and 

for other purposes’ to BM Belen for review, additional input or further revision 

March 3, 2014 The BAWP provided (through email) a copy of the Integrated Ecosystems 

Management (IEM) Plan from DENR to BM Belen for reference in drafting a 

provincial ordinance supporting the plan.  

March 4, 2014 

 

Meeting with BM Belen of the Sangguniang Panlalawigan of Albay: 

BM Belen  suggested the following for revision of the draft of the ordinance 

prepared by BAWP: 

1. Change title to: ‘Ordinance for the Protection, Conservation, Rehabilitation and 

Management of the Watershed Areas within the Jurisdiction of the Province of 

Albay, Creating/Reviving the Albay Watershed Management Council therefore and 

for other Purposes 

2.  Make a cover letter addressed to the Governor  of Albay, endorsing the draft 

of ordinance the project authored to the Sangguniang Panlalawigan thru the Vice-

Governor for legislative action of the proponents (the concerned committees,  

e.g., Environment & Agriculture) 

July 8, 2016 BAWP sent a letter to the office of Albay governor Hon. Al Francis Bichara to 

request for an appointment with the Provincial Agriculturist of Albay on July 19, 

2016. 

July 19, 2016 Project Director Dr. Agnes Rola and Policy and Institutions Specialist Ms. Dulce 

Elazegui along with BAWP staff had a meeting with the new OIC-Provincial 

Agriculturist of Albay, Ms. Cherry O. Rebeta, and Engineer Jose Galen Nyuda of 

the provincial office. Summary of discussions are presented in Annex 18 of the 4th 

Annual Performance Report. 

Note: Enactment of provincial ordinances not pursued to focus on sub-watershed level agreement where 

more irrigation water management institutions are involved. 

 

II. Study site:  Polangui, Albay    

 

Issues: 

Lowland 
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- Dilapidated/old/clogged irrigation canals  

- Flooding 

Upland 

- Deforestation/degradation 

- No irrigation 

- Low production due to soil condition 

 

Agreements:  

 Municipal ordinance in support of the provincial ordinance 

 Passage of ordinances supporting the continuous implementation of the Climate Field School 

and dissemination of Seasonal Climate Forecast and Extension Advisory 

 

Contact unit/persons:  Councilor Edgar Arbo, Sangguniang Bayan-Polangui and Municipal Agriculturist 

Alfredo Mariscotes, Municipal Agriculture Services-Polangui 

 

TRACKING FOR MUNICIPAL LEVEL TARGETS: 

 

Date Updates/Remarks 

November 

18, 2013 

SB session, Polangui, Albay 

 BAWP presentation 

 The SB will formulate a local policy, e.g., an ordinance, Environment Code, but 

is requesting assistance from the BAWP team 

March 5, 

2014 

Polangui LGU provided Engr. Angie Napay a copy of the IEM Plan for BAWP 

reference  

May 22, 2014 Meeting with Councilor Arbo and Salceda (Please see Annex 9 of 3rd 

QPR Y3 for the details of the meeting)  

1. Dr. Rola updated the Sangguniang Bayan of Polangui on the status of the 

draft ordinance by Albay province in support of the proposed irrigation 

management for Quinale A watershed 

 

2. While waiting for the creation of the irrigation sub-committee agreement, 

Councilor Arbo expressed his desire to draft an ordinance at the municipal 

level. Ms. Dulce Elazegui of BAWP suggested that Polangui SB can create an 

ordinance on the protection and conservation of other sources of irrigation 

water that will ensure water security at the municipal level. 

July 3, 2014 Ms. Punzalan provided Mr. Meliton (representative of Coun. Salceda) of Polangui, 

Albay a copy of Ordinance No. 2011-02 “AN ORDINANCE DECLARING THE 

DUMANGAS CLIMATE FIELD SCHOOL AT THE AGRO-MET STATION 

BUILDING IN BARANGAY P.D. MONFORT SOUTH, THIS MUNICIPALITY AS 

AN INSTITUTION FOR LEARNING FOR THE CLIMATE FORECAST 

APPLICATION FOR AGRICULTURE”.  

August 26, 

2014 

RTD for Improved Irrigation Water Management was conducted in the Municipality 

of Polangui. LGUs headed by Vice Mayor Raul Lim, municipal councilors for 

agriculture and budget, barangay chairmen and committee chairs of agriculture were 

present during the RTD. The main agenda of the RTD was to elicit views from the 

LGUs on the formulation of a municipal ordinance for the continued conduct of 

climate field school and to gain knowledge on agro-climate tools to support 

decisions for managing climate risks at the farm level.  Highlights of the RTD is 
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presented in Annex 15 of the 2nd Annual Performance Report. 

During the RTD at the local government of Polangui last August 26, 2014, it was 

agreed that the Climate-Smart Farmers Field School implemented by the BAWP will 

be institutionalized/adopted by the other barangays of Polangui. Municipal Councilor 

Edgar Arbo said that institutionalization of Climate Field School in Polangui will be 

presented in the Sangguniang Bayan session on September 1, 2014 given that the 

calendar of activities and budget allocation will be provided. 

September 

24, 2014, 

Ms. Duran reported that according to Councilor Edgar Arbo, the municipality has 

the draft ordinance on the institutionalization of CFS. The ordinance is being 

discussed in the Sangguniang Bayan session. He will provide the BAWP a copy of 

the draft ordinance. 

October 15, 

2014 

The BAWP staff asked Councilor Edgar Arbo for the copy of the ordinance and he 

said he will furnish it as soon as possible. 

November 

17, 2014 

Ms. Edeliza Polo requested for a copy of the ordinance from Mr. Arbo and he 

promised to email it within the day.  

November 

20, 2014 

Ms. Polo requested for copy of the ordinance, however, according to the assistant 

of Mr. Sabaybay (SB Secretary), what they have is the title of the ordinance only, 

and it is still on the first reading.  

According to Mr. Meliton, they will draft the body of the ordinance after the MOA 

has been signed by the partners. Currently, the MOA was approved by the Mayor 

and will be scheduled for signing   

 

Ms. Polo will confirm the statement to Coun. Arbo.  

December 2, 

2014 

Ms. Polo reported that according to Councilor Arbo, the municipality has the 

approved title of the ordinance and they are still drafting the body of the ordinance.   

February 

2015 

Ms. Polo reported that the ordinance was for public hearing.  

March 19, 

2015 

Ms. Polo reported that according to Councilor Arbo, the ordinance was 

transmitted to the Sangguniang Bayan for final review and approval.   

May 4, 2015 The LGU enacted the Municipal Ordinance No. 03, 2015 entitled “Enacting An 

Ordinance Promulgating The Institutionalization Of The Climate Smart Farmer Field 

School In The Municipality Of Polangui, Albay” on March 4, 2015 and was submitted 

to the Province for final approval on March 25, 2015. The Municipality of Polangui 

got the inspiration of crafting the ordinance through the initiative of BAWP 

Activities. A copy of the Ordinance is presented in Annex 12 of 3rd QPR Y3.  

September 

22, 2015 

 

The BAWP officially launched the Seasonal Climate Forecast and Extension 

Advisory in the Municipality. The said activity was held at the Bicol University 

Polangui Campus Audio Visual Room, Polangui, Albay. Mr. Anthony Lucero from 

PAGASA gave a presentation on the El Niño updates and Climate Outlook for 

September 2015 to February 2016.  

The launching was immediately followed by the Annual RTD at the municipal level. 

Ms. Dulce Elazegui gave a recap on the activities conducted for Year 3. Her 

presentation also highlighted the future activities of the Irrigation Committee of the 

TWG of ATQAWMC.  

July 19, 2016 Project Director, Dr. Rola, with Co-PI and Policy and Institutions Specialist, Ms. 

Elazegui and BAWP staff had a meeting with Mr. Alfredo Mariscostes, municipal 

agriculturist, and Hon. Andy Maricostes, Councilor and Chairman of the Committee 

on Agriculture of Polangui. They discussed the schedule of the RTD in Polangui and 

the continued production and dissemination of the CLEA after the Project 

concludes. The summary of discussions and agreements during the meeting were 
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presented on Annex 18 of the 4th Annual Performance Report. 

August 3, 

2016 

The updated version and CLEA for the wet season of 2016 (June-November) was 

presented during the annual RTD of BAWP in Polangui, Albay.  The climate forecast 

was explained by Ms. Vina Peñasarada, Climate Data Analyst of BAWP while the 

Good Practice Options (GPOs) advisory based on the climate outlook was 

presented by Mr. Jonel V. Llagas, agricultural technician in MAS-Polangui. 

Proceedings of the RTD are presented on Annex 15 of the 4th Annual Performance 

Report. 

August 17, 

2016 

BAWP sent a formal letter requesting for a special meeting with the Sangguniang 

Bayan (SB) of Polangui to orient its newly elected members about BAWP to provide 

them a better perspective of the project activities, and to discuss possible support 

for the institutionalization of the CLEA through an ordinance. 

September 

20, 2016 

Ms. Polo reported that a meeting with the Municipal Council of Polangui has no 

schedule yet because the Chairman on Agriculture Coun. Edgar Arbo is currently 

suspended from office. 

October 5, 

2016 

Ms. Polo followed up on the requested meeting with the Municipal Council, but no 

feedback was received yet. 

November 

2016 

Councilor Andy Mariscostes informed Ms. Polo that the CLEA ordinance will be 

prioritized after the ordinance they are currently institutionalizing have been 

approved. 

January 23, 

2017 

BAWP through Co-PI and Upland Agriculture Specialist Dr. Antonio Payonga 

conducted a BAWP 101 orientation and meeting with the Sangguniang Bayan (SB) of 

Polangui. Dr. Payonga presented the background and activities of BAWP, and 

presented the draft CLEA ordinance. Highlights of the meeting are presented in 

Annex 11 of the 2nd quarterly performance report for year 5. 

January 30, 

2017 

The CLEA ordinance was approved during its first reading at the SB Hall. Attendees 

were provided with the CLEA, and Ms. Polo discussed its contents. No revisions to 

the draft ordinance were suggested. Coun. Andy Mariscotes Mariscostes, Chairman 

of the Committee on Environment,  said that funds for the implementation of the 

CLEA production and distribution will come primarily from DA RFO 5 as 

supported by a Memorandum of Agreement (MOA) between MAS-Polangui and DA 

RFO 5. 

February 6, 

2017 

Ms. Polo followed up on the status of the CLEA ordinance submitted to the SB of 

Polangui. Councilor Andy Mariscostes ordered for the CLEA ordinance to be 

translated to Tagalog and presented the draft to barangay captains and association 

presidents in Polangui to elicit comments and suggestions. No revisions were 

suggested. 

February 13, 

2017 

The CLEA ordinance was briefly discussed during the Municipal Council’s regular 

session. It was scheduled for deliberation on February 20, 2017. 

February 20, 

2017 

The CLEA ordinance was approved during the deliberation of the Municipal 

Council. It was agreed that the ordinance will be signed upon turnover of the new 

automatic weather station (AWS) to the Municipal Agriculture Services Office 

(MAS) of Polangui. 

March 16, 

2017 

Dr. Rola with USAID representatives Mr. Eric Schaeffer and Ms. Marian Cruz-

Navata visited the Municipal Agriculture Services (MAS) Office. It was discussed 

that the CLEA ordinance will be signed upon purchase of the new AWS. 

April 2017 Purchase of the AWS was processed by BAWP.  
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May 19, 2017 The new AWS was ceremonially turned over to MAS-Polangui, but was brought to 

PAGASA for calibration. 

June 5, 2017 Coun. Mariscostes informed Ms. Polo that the CLEA ordinance is on its third and 

final reading. 

June 13, 2017 The calibrated AWS was installed at MAS-Polangui. 

June 2017 The CLEA ordinance was signed and approved. 

Note: No official copy of the CLEA ordinance had been turned over.  

  



 

 

 

 

 

 

 

 

Annex 5.1: Project Proposal Development Training Outputs of Farmers’ Organizations 

in Nabua, Camarines Sur1 

 

 

 

 

 

 

 

 

 

 

 

1Drafted by training participants; Packaged by Dr. Celerino Llesol, Training Resource Person  
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WORKSHOP OUTPUT  
USING SIMPLE PROJECT PROPOSAL FORMAT 

San Antonio Ogbon Farmers Association  
 

I. Basic Information 

 Project title 
 
 
 

 Proponent (Name of 
Organization)  
 
-Name of Contact Person/s 
 

 Collaborating Agencies 
 
 

 

 Project Duration 
 

 Project Location 
 

 Total Budgetary Requirement 

 
Taro Production 
 
 
 
San Antonio Ogbon Farmers Association  
 
 
Pedro Cuadro Jr. 
  
Dept. of agriculture, Land Bank National Irrigation 
Administration  
 
 
1 year 
 
Brgy. San Antonio Ogbon Nabua Cam. Sur 
 
905,5000.00 

II. Background/Rationale Importance why you need the project 
1. Sustainable Livelihood 
2. increase Production  
3. generate Income 
4. produce nutritious and healthy food 

 

III. Objectives 
Increase yield and productivity 
among farmers these for 
adaptation of mechanized  
transplanting machine  

Generally, the project intend to; support the 
demand of dried taro leaves in the market at 
high quality  
 
 

 
Specific Objectives are as follows 

1. to educate taro farmers  
2. to enhance building capacity of members 

to increase taro income about 40 
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IV. Project Component/ Activities a. Capability building/ training 
training on taro  farmers on good product 
packaging and marketing 
 
capability building on financial management 

 
b. Product Development  
Canned Taro Leaves 
Bikol Express 
Export Dried 
 
c. Livelihood Component 
Laborer  
Unemployed persons 
Smalls investors 
farmers 
 
d. Marketing Component 
Restaurants 
Entrepreneur 
e.  Monitoring and Evaluation 
Officers and members of the association 
Department of Agriculture CBSUA Technical staffs 
f. other components (specify) 

 

V. Input Requirement a. Needed Manpower- Tasks/ Duties 
Laborer 
b. Needed Tools/ Equipment/Supplies and Materials 
hand tractor with trailer  
weeder 
dryer 

VI. Implementation of Schedule 
 
 
 
  
 
 
 
 
 
 
 
 
 
 

Calendar of Activities (Gantt Chart) 
 

Activities Expected 
output 

 
Duration 

 

    

  D J F M A M J 

Land 
Preparation 

  * *     

planting     *    

weeding  * * * * * * * 

Harvesting  * * * * * * * 
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VII. Expected Output and Result Sustainable livelihood with an increased return on 
investment 
Taro Runners - 40,000 
Dried taro 

VIII. Project Beneficiaries BAWP beneficiaries in San Roque, San Vicente, San 
Antonio, San Esteban 
BAWP San Antonio Ogbon  and Nearby community 

IX. Implementation Arrangement MOA/ between San Antonio, Ogbon Farmers and 
Nabua, Gabi, Farmers Association 

X. Estimated Budgetary 
Requirement 

1. Personal Services 

Labor (land prep) 7,000 

Labor(planting) 2500 

Labor(weeding) 5,000 

Labor (harvesting) 600 

Labor 
(sorting/packaging) 

1,000 

Security Guards  2,000 

drivers 2,000 

 
 

2. Maintenance Operation Expenses 
   

Transportation  1,500 

Gasoline 1,200 

Snacks and lunch 2,700 

 
 
 

3. Capital outlay  

Handtractor with 
trailer 

140,000 

Dryer 300,000 

Delivery van 400,000 

Total project cost 905,500.00 
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Prepared by: 
 

PEDRO CUADRO JR. 
Project Proponent 
 
Noted: 

 
 

Board of Trustees 
 
Recommending Approval: 
 
MARGARITO L. MASIPAG 
Municipal Agriculture Officer 
 
 
Approved: 
 
 
ELENA DE LOS SANTOS 
REGIONAL EXECUTIVE DIRECTOR, DA-RFO 5 
 
DTI 
DOST 
NEDA 
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WORKSHOP OUTPUT  
USING SIMPLE PROJECT PROPOSAL FORMAT 

Climate Smart Field School Farmers’ Association (CSFSFA) 

 
I. Basic Information 

 Project title 
 
 

 Proponent (Name of 
Organization)  
-Name of Contact 
Person/s 
 

 Collaborating 
Agency/ies 

 
 
 
 
 

 Project Duration 
 

 Project Location 
 

 Total Budgetary 
Requirement 

 
Making San Roque Madawon Community Safer, Productive and 
Resilient through Sustainable Bamboo Industry 
 
Climate Smart Field School Farmers’ Association (CSFSFA) 
 
Mrs. Nellie O. Tabornal, 0946432677 
President, CSFSFA 
 
Department of Agriculture-RFU 5 
DA-Agricultural Training Institute RTC 5 
Department of Trade and Industry 
Department of Science and Technology 
NEDA  
Bicol Agri-WaterProject  (BAWP) 
 
January 2018 to January 2019 (2 year project) 
 
San Roque Madawon, Nabua, Camarines Sur 
 
 
Php 1,000,000.00 

II. Background/Rationale Importance why you need the project 
1. Intensify bamboo craft making in Brgy. San Roque 

Madawon, Nabua, Camarines Sur 
2. To enhance additional knowledge and skills in bamboo 

industry 
3. Additional source of income for farming family 

 

III. Objectives Generally, the project intends to help members of the association 
to have a sustainable livelihood. 
 
Specific objectives are as follows: 

1. To develop/upgrade innovative design for local/export 
quality to increase income; 

2. To create additional employment in the community; 
3. To uplift the socio-economic development; and 
4. To establish bamboo craft enterprise 

 

IV. Project Component/ a. Capability building/Training  
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Activities  Training on Good Quality Raw Materials suited for 
bamboo craft 

 Training on Bookkeeping/Recording and simple 
accounting procedure 

 Training on Good Manufacturing Practices (GMP) in 
bamboo industry. 
 

b. Product Development 

 Field visitation to different local bamboo craft industry 

 Attend and participate agri-trade fair exhibit 

 Research and develop innovative bamboo craft 
design such (such as bamboo furniture, bamboo 
basket, bilao, etc,) 

 
c. Livelihood Component 

 Identify product marketing 

 Mass production of bamboo craft 

 Establish bamboo craft souvenir center 
 

d. Marketing Component 
 

 Production/Product Quality Controller 
 

e. Monitoring and Evaluation 

 Conduct regular monitoring and evaluation of 
bamboo craft to ensure smooth operation 

 
f. Other components (specify) 

 

V. Input Requirement a. Needed Manpower –Tasks/Duties 

 Resource person/technical expert/consultant 

 Labor 
b. Needed Tools/Equipment/Supplies and Materials 

 Saw 

 bolo 

 knife 

 Hammer 

 Plastic rattan 

 Stick wheel 
 

VI. Implementation of 
Schedule 

 
 
 

Calendar of Activities (Gantt Chart) 
 

Activities Expected 
output 

 
Duration (2 years) 
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  Dec Jan Feb M  A M J 

Project 
Proposal 
Preparation 

Approved 
Proposal 

       

Procurement of 
Supplies and 
Materials 

        

Implementation 
of the Project 

        

Capacity 
Building 

        

Product 
Development 

        

Livelihood         

Marketing         

Monitoring and 
Evaluation 

        

 

VII. Expected Output 
and Result 

Sustained Bamboo craft making industry with an increased ROI 
among CSFAFA members. 
quality bamboo craft products. 
 
 

VIII. Project 
Beneficiaries 

Members of the Climate Smart Field School Farmers’ Association 
(CSFSFA), San Roque Mandawon, Nabua, Camarines Sur 
 
 

IX. Implementation 
Arrangement 

Memorandum of Agreement, task, duties and responsibilities 
between the project proponent and collaborating partners. 

X. Estimated Budgetary 
Requirement 

4. Personal Services 

 Trainings………………………………………… 150,000 

 Honorarium & Labor ………………………………80,000 
 

5. Maintenance Operation Expenses  

 Electricity……………………………………………30,000 

 Supplies and materials………………………….100,000 

 Tools and equipment..…………………………..100,000 

 Office supplies …………………………………….30,000 

 Transportation expenses……………………… 100,000 
 

6. Capital Outlay 
 

 Small building………………………………….. 410,000 
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Total Project Cost : …..…………………………P1,000,000.00 

 

 
 
Prepared by: 
 
NELIE O. TABORNAL  
Project Proponent 
 
Noted: 

 
Board of Trustees 
 
 
Recommending Approval: 
 
MARGARITO L. MASIPAG 
Municipal Agriculture Officer 
 
 
Approved: 
 
 
ELENA DE LOS SANTOS 
REGIONAL EXECUTIVE DIRECTOR, DA-RFO 5 
 
DTI 
DOST 
NEDA 
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WORKSHOP OUTPUT  
USING SIMPLE PROJECT PROPOSAL FORMAT 

San Vicente Ogbon Farmers’ Association (SVOFA) 
 

I. Basic Information 

 Project title 
 
 
 
 
 
 

 Proponent (Name of 
Organization)  
 
-Name of Contact 
Person/s 

 Collaborating 
Agency/ies 

 
 

 

 Project Duration 
 

 Project Location 
 

 Total Budgetary 
Requirement 

 
Adoptability of “Bigante” Rice Variety and Capacity Enhancement on 
Livelihood of San Vicente Ogbon Farmers’ Association (SVOFA) 
 
Suggested title: Productivity Enhancement through Integrated 
mechanized rice-based farming system  of San Vicente Ogbon Farmers’ 
Association (SVOFA) 
 
San Vicente Ogbon Farmers’ Association (SVOFA) 
 
 
Francisco Agnas 
09993639781 
 
Department of Agriculture 
PhilRice 
Bicol Agri-Water Project  (BAWP) 
 
January 2018 to January 2019 
 
San Vicente, Ogbon, Nabua, Camarines Sur 
 
 
P 478,850.00 

II. Background/Rationale Importance why you proposed the project 
4. Alleviate poverty  
5. Increase the production of palay through mechanized and integrated 

system 
6. Minimize cost of production 
7. Produce resilient rice variety “bigante”  

 

III. Objectives 8. Generally, the project intends to help members of the association to 
have a sustainable livelihood through increased rice production and 
adoption of “bigante”  

 variety. 
 
Specific objectives are as follows: 

5. To educate the members of the association on modern practice of rice 
technology. 

9. To adopt the knowledge in the production of “bigante”  
6.  rice variety 
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7. To increase the income of the members of the association by adopting 
integrated farming system. 

 

IV. Project Component/ 
Activities 

g. Capability building/Training  
Training on pre, during and post production of “bigante”  

  rice variety and integrated farming system. 
 

  
h. Product Development  

 
 
 

i. Livelihood Component 

 Training on Mushroom Production  

 Training on Vermicomposting 
 

 
j. Marketing Component 

 

 Training on record keeping and financial analysis 

 Training on marketing of farm products 
 

 
k. Monitoring and Evaluation 

 Regular monitoring and evaluation will be conducted within the 
duration of the project. 

 
 

l. Other components (specify) 
 
 
 

V. Input Requirement c. Needed Manpower –Tasks/Duties 
Project Manager-Take charge the operation and management project 
Project Assistant- assist the manager in performing routinary activities 
being implemented in the project, prepare report and work on the 
financial transactions relative to the project. 
Resource persons with needed technical expertise – to tackle matters 
regarding the technical knowledge and skills needed during the 
capacity building activities. 

 
d. Needed Tools/Equipment/Supplies and Materials 

 Rice seed 

 Fertilizer  

 Insecticide 

 Training materials 
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VI. Implementation of 
Schedule 

 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

Calendar of Activities (Gantt Chart) 
 

Activities Expected 
output 

 
Duration 

 

  D J F M  A M J 

Capacity 
Building 
(trainings)  

Farmers 
Association 
with well-
versed 
technical 
skills in 
integrated 
farming and 
mechanized 
farming 
system 

 
* 

      

Land 
Preparation 

   
* 

     

Transplanting   *      

Fertilization    *     

Pest 
Management 

   * *    

Harvesting      *   

Product 
Marketing 

      ** ** 

 

VII. Expected Output 
and Result 

Sustainable Livelihood with an Increased Return on Investment 
among SVOFA members 
 
 

VIII. Project 
Beneficiaries 

50 Members of  San Vicente Ogbon Farmers Association  
 
 

IX. Implementation 
Arrangement 

Memorandum of Agreement/Understanding with the partner agencies will be 
made stating the responsibilities and obligations of both partner agencies 
and proponents. 

X. Estimated Budgetary 
Requirement 

7. Personal Services 
 

Project Manager 
(honoraria) 

  60,000  

Project Assistant 120,000  

Resource Persons 100,000  

Sub-total 380,000  
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8. Maintenance Operation Expenses  

Particulars Budget Source of Fund 

1. Training materials 

 Notebook 

 Pen 

 Envelope 

 Hands out 

 Certificates  
 

 
500 
250 
300 
300 
300 

 

2. Venue Rental 
20, 000 x 4 days 
 

 
80,000 

 

3. Food 

 Snack 
100x4dayx50pax 

 Lunch 
150x4dayx50pax 
 

 
 

20,000 
 

30,000 

 

4. Planting Materials 

 Seeds 

 Fertilizer 

 Insecticides 
 

 
75,000 
30,000 
65,000 

 

Sub-total  681, 650.00  

 
9. Capital outlay (through donation from DA) these equipment will 

add income to the association from rentals of the equipment  
Palay thresher                   50,000.00  
One hand tractor          1,000,000.00 

 

Total Project Cost                 1,731,650.00 
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Prepared by: 
______________________ 
Project Proponent 
 
Noted: 
_____________________ __________________ ________________ 
_____________________ __________________ 
Board of Trustees 
 
Recommending Approval: 
___________________________ 
Municipal Agriculture Officer 
Approved: 
____________________________ 
Head of Funding Agency 
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WORKSHOP OUTPUT  
USING SIMPLE PROJECT PROPOSAL FORMAT 

United farmer and Irrigates Association of San Esteban 
 

I. Basic Information 

 Project title 
 
 
 

 Proponent (Name of 
Organization)  
 
-Name of Contact Person/s 

 Collaborating Agency/ies 
 
 

 

 Project Duration 
 

 Project Location 
 

 Total Budgetary Requirement 

 
Capacity enhancement in rice production and income 
of united  farmers and irrigates association of San 
Esteban 
 
United farmer and Irrigators Association of San 
Esteban 
 
 
Narciso Ballecter- President 09998557059 
LGU Nabua and DA 
 
 
 
Two years 
 
San Esteban Nabua, Camarines Sur 
  
307,200.00 

II. Background/Rationale Importance why you need the project 
5. To increase in the production capacity 
6. To increase in the efficiency of farmers 

 

III. Objectives 
Increase yield and productivity 
among farmers these for 
adaptation of mechanized  
transplanting machine  

Generally, the project intend to increase in the 
production and efficiency of farming families 
 
Specific objectives are as follows; 

1. reduce production labor cost 
2. improve weeding activity 
3. reduce planting problem thru mechanized 

planting 
 

IV. Project Component/ Activities a. Capability Building/ Training 
1. training and demonstration on the 

mechanization procedures of transplanter 
2. troubleshooting and maintenance operating of 

mechanization 
3. demonstration of production of palay seedlings 

 
 
b. Product Development  
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c. Livelihood Component 
to earn income of the association thru rental of 
mechanization 
 
d. Marketing Component 
to earn income of the association thru rental of 
mechanization 
 
e. Monitoring and Evaluation  
monitor the performance of mechanized transplanter 
 
f. other components (specify) 

 

V. Input Requirement a. Needed Manpower- Tasks/ Duties 
operator- to operate the transplanter 
labor- to assist the operator 
 
b. Needed Tools/ Equipment/Supplies and 
Materials 

1. diesel = 44/liter 
2. oil 

VI. Implementation of Schedule 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

Calendar of Activities (Gantt Chart) 
 

Activities Expected 
output 

 
Duration 

 

  D J F M A M J J 

Transplanting 
used 
mechanized 
transplanter 
 

  * * *     

          
 

VII. Expected Output and Result Sustainable livelihood with an increased return on 
investment 

VIII. Project Beneficiaries BAWP beneficiaries in San Roque, San Vicente, San 
Antonio, San Esteban 
United Farmers and Irrigattors Assn. of San Esteban 
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IX. Implementation Arrangement MOA/ Understanding with partners agencies will be 
made stating responsibilities and obligations of the 
parties 

X. Estimated Budgetary 
Requirement 

10. Personal Services 
 

 
11. Maintenance Operation Expenses 

  5,000.00 
 
 
 

12. Capital outlay  

Particulars  Budget Source of 
fund 

1. Training 
Materials and 
meals (snack and 
lunch 

10,000.00 DA,RFO5 

2. Labor/ operator 
of mechanized 
transplanter 

2,200.00/day UFAISE 

3. mechanized 
transplanter  

290,000.00 DA, RFO5 

Total project cost  307,000.00  

Total Project Cost       321,000.00           
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Prepared by: 
 

_______________________ 
Project Proponent 
 
Noted: 
______________________ _______________ ________________ 
______________________ _______________ 
 
 
Board of Trustees 
 
 
Recommending Approval: 
 
MARGARITO L. MASIPAG 
Municipal Agriculture Officer 
 
 
Approved: 
 
 
ELENA DE LOS SANTOS 
Regional Executive Director, DA-RFO 5 

 

 



 

 

 

 

 

 

 

 

Annex 5.2: Project Proposal Development Training Outputs of Farmers’ Organizations 

in Buhi, Camarines Sur1 

 

 

 

 

 

 

 

 

 

 

 

1Drafted by training participants; Packaged by Dr. Celerino Llesol, Training Resource Person 
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WORKSHOP OUTPUT  
USING SIMPLE PROJECT PROPOSAL FORMAT 
De La Fe United Farmers Association (DUFA) 

I. Basic Information 
         

 Project Title 
 
 
 

 Proponent (Name of 
Organization) 

 

 Name of Contact 
Person/s 

 

 Collaborating 
Agency/ies 

 

 Project Duration 
 

 Project Location 
 
 

 Total Budgetary 
Requirement 

 
 
Quality Improvement of the Farmers’ Crops in Dela Fe, 
Buhi, Cam. Sur through Establishment SOLAR DRYER 
Facility 
 
De La Fe United Farmers Association (DUFA) 
 
 
HERSON MACHADO – 09553598003 
DUFA PRES, De La Fe B.C.S. 
 
 
Department of Agriculture/ATI 
 
January 2018 – January 2019 
 
De La Fe, Buhi, Camarines Sur 
 
SOLAR STREETLIGHTS 2 million 
SOLAR DRYER 1 million 
 
Total: 3 million 

II. Background/Rationale  
Solar Dryer and Street Light 

1. The community do not have enough areas for 
drying corn and copra 

2. The income of the farmers are low due to poor 
quality of products, they need additional income to 
to augment family needs and patronize the farmer’s 
association 

3. During important events the solar dryer will serve 
as venue for other occasions 

4. The solar dryer would help drying rice and other 
crops during rainy seasons 

5. The area is relatively very dark the solar street light 
will make the community safe and peaceful during 
night time 

 
 

III. Objectives Generally, the project intend to: help the 
community improve the quality of their product and raise 
their income and make them more safe and peaceful.     
 
Specific objectives are as follows: 
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Solar Dryer 
1.To have another source of income and improve the 
lives in the community 
2. Improve the living conditions of the community. 
Solar Streetlight 
1.To make the are illuminated thus ward off thieves 
and protect the community from other crimes specially 
during the night time  

IV. Project Component/ 
Activities 

a. Capability Building/Training 
1.) Skills Training on Modernized/ Solar Dryer  
2.) Improved Crop Post harvest and Processing  
3.) Product Packaging and Marketing 

 
b. Product Development:  

1.) Good quality of rice and corn 
2.) Quality Copra processing 
 

c. Livelihood Component  
Rental of Solar Dryer would give additional income 
and would help unemployment by providing labor  

 
d. Marketing Component 

Good quality – good price 
 

e. Monitoring and Evaluation 
Conduct regular monitoring of SOLAR DRYER 
FACILITY. 
Participatory  monitoring and evaluation = funding 
institution or beneficiary 
Purpose – to ensure proper usage and quality 
products 
 

f. Other components (specify): 
DUFA president and members 

 

g. Input Requirement  a. Needed Manpower – Tasks/Duties 
Less expenses on transportation 
Less Labor, more income 
 

b. Needed Tools/Equipment/Supplies and Materials 
Kagkag 
Sodsod 
Dust Musk 
Sayap  
Boots 

 
 

c. Implementation of 
Schedule 

Calendar of Activities (Gantt Chart) 
 

Activities Expected  Remarks 
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output Duration 

  Jan Feb Mar …  

  15d
ays 

15 
days 

   

       

       
 

d. Expected Output and 
Result  

Sustainable Livelihood with an Increased Return on 
Investment 
 

e. Project Beneficiaries BAWP beneficiaries in San Roque, San Vicente, San 
Antonio, San Esteban 
 
65 members of DUFIA Association and Community of 
De La Fe, Buhi, Camarines Sur 

f. Implementation 
Arrangement 

 

g. Estimated Budgetary 
Requirement 

Personal Services 
 

 
10 Laborer = Php 250 per day x 30 days 
                     Pho 2, 500 x 30 days = Php 750, 000. 00 
 
 

PS  Unit price  Amount 

Laborer -                   400/30 days                                        12, 000.00 

Foreman -                 500/30 days                                        15, 000.00  

Engineer -                 500/ 3days                                          1, 500. 00 

Sub-total  28,500 

  

MOOE  Amount 

Cement  200/200bags 40,000 

Gravel and sand 9 cubic feet 10,000 

RSB 120/60pcs 7,200 

Tie wire 80/50kls 4,000 

Transportation   500 

Sub-total  61,700 

        

Capital Outlay  779.600.00 
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Prepared by: 

HERSON  MACHADO 

Project Proponent 

 

 

Noted: 

 

Board of Trustee 

 

 

___________________  ________________  _________________ 

___________________  ________________ 

 

Recommending Approval: 
 

MR. ALFREDO N. LAVADIA 
Municipal Agriculture Officer 

 
 

Approved: 
 
 

ELENA DE LOS SANTOS 
Regional Executive Director, DA-RFO 5 
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WORKSHOP OUTPUT  
USING SIMPLE PROJECT PROPOSAL FORMAT 

Integrated Sagrada Farmers Association 
 

I. Basic Information 
 

 Project Title 
 
 

 Proponent (Name of 
Organization) 
 

      Name of Contact 
Person/s 

 

 Collaborating 
Agency/ies 
 

 Project Duration 
 

 Project Location 
 

 Total Budgetary 
Requirement 

 
 
RICE PRODUCTIVITY ENHANCEMENT PROJECT FOR 
ISFA 
 
Integrated Sagrada Farmers Association 
 
 
FELIMON N. SARTO 
Contact No. O9998557055 
 
Department of Agriculture RFO 5 
 
 
5 years 
 
Sagrada Famila, Buhi, Camarines Sur 
 
Php 2,000,000.00 

II. Background/Rationale 
DOLE Registration 

Importance why you need the project 
1. Easy harvest 
2. Quality rice crops 
3. Easy drying and storage of rice crops 
4. To benefit the 100 farmers who will share the rice 

harvester equipment  
 

III. Objectives Generally, the project intend to: To improve the farmers 
crop production and income.                                              
 
 
Specific objectives are as follows: 

1. To increases fund and benefits the farmer-members 
from the ISFA 

2. To have an income generating projects 
3. To mobilize the farmers towards progress and 

productivity 
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IV. Project Component/ 
Activities 

a. Capability Building/Training 

 Train and educate the members to manage 
and operate the farm machinery 

 
 

b. Product Development:  

 Quality rice product 
 
 

c. Livelihood Component  

 It will create job opportunities for the 
members of the ISFA 

 IGP for rice harvester rental 
 
 

 
d. Marketing Component 

 To sustain product in various Market Sites in 
the nearby by town 

 To supply products in Hotel and Restaurant 
 
 

e. Monitoring and Evaluation 

 For actual operation of the farm machinery 
We need to monitor during the operation of 
project with help of: DA, BAWP, funding 
Agency:USAID 

 
f. Other components (specify): 

 
 

V. Input Requirement  a. Needed Manpower – Tasks/Duties 
3 operators 
Operators and Laborer 
 

b. Needed Tools/Equipment/Supplies and Materials 
 

  

VI. Implementation of 
Schedule 

Calendar of Activities (Gantt Chart) 
 

Activities Expected 
output 

Duration 

J F M A M J J A S O N D 

1.For 
Project 
Proposal 

Approve
d 
proposal 

            

2.Procure Material             



 Bicol Agri-Water Project FINAL REPORT (OCT. 1, 2012 – DEC. 31, 2017) | 8 

 

ment of 
Materials 

were 
procured 

3.Organiz
ation of 
Project  

Team 
were 
organize
d 

            

4.Orientat
ion of the 
Members 
Capacity 
building 
and Solar 
Dryer 
Training 

Member 
were 
trained 
and 
capacita
ted on 
solar 
drying 

            

5.Constru
ction of 
Dryer 
Facilities 

Solar 
dryer 
construc
ted 

            

6.Utilizatyi
on of 
Farm 
Harvester, 
Solar 
Dryer and 
Rolling 
Rice Mill 

Rice mill 
and 
Solar 
dryer is 
operatio
nalyzed 

            

7.Monitori
ng and 
Evaluatio
n 

 M&E 
report 

            

 
 

VII. Expected Output and 
Result  

Sustainable Livelihood with an Increased Return on 
Investment 
 

VIII. Project Beneficiaries BAWP beneficiaries in San Roque, San Vicente, San 
Antonio, San Esteban 
 

 

IX. Implementation 
Arrangement 

MOA will be instituted to come up with the terms and 
condition on the operation and management of the project 
with various stakeholders  
 
 

X. Estimated Budgetary 
Requirement 
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Capital Outlay  Amount 

Rice harvester  700,000 

Rolling Rice Mill  500,00 

Jeep  300,000 

 
 

 
Total Project Cost                              Php 2,150, 000. 00 
 

Personal 
Services  
 

 Amount 

Manager  100,000 

Machine 
Operator 

 100,00 

Driver   50,00 

Maintenance 
and Operation 
Expenses 

 Amount 

Capacity building  100,000 

Monitoring and 
Evaluation 

 50,000 

   

 

Prepared by: 

 

FELIMON N. SARTO 
President, Integrated Sagrada Farmers Association 
 

Noted: 
_____________________ ___________________  ___________________ 
 
_____________________ ___________________  
 
Board of Trustees 
 
 
Approved: 
 

Funding Institution 
USAID  

WORKSHOP OUTPUT  
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USING SIMPLE PROJECT PROPOSAL FORMAT 
Iraya Planters Association 

I. Basic Information 

 PROJECT TITLE 

 

 Proponent (Name of Organization) 
 

-Name of Contact Person/s 
 
 

 Collaborating Agency/ies 
 
 
 

 Project Duration 
 

 Project Location 
 
 

 Total Budgetary Requirement 

 
 
CONSTRUCTION OF IRRIGATION CANAL FOR 
PRODUCTIVITY ENHANCEMENT AND ECO TOURISM 
DEVELOPMENT 
 
IRAYA PLANTERS ASSOCIATION 
 
 
BENJAMEN CLAVICILLAS  
Contact Number: 09364741506 

 
Department of Agriculture 
BSWM      
NIA 
 
6 months 
 
Caloocan to Comiling Iraya, Buhi, Camarines Sur 
 (11, 300 square meters) 
 
Php 2, 847, 300. 00 
 

II. Background/Rationale Importance why you need the project 
1. To irrigate the Rice land 
2. To increase crop production and  
3. To reduce flood occurrence 
4. To promote Agri - Tourism 

 

III. Objectives Generally, the project intend to: Improve and uplift the 

socio economic status and the locality                            

                                                                                             

                                                                                    

 

Specific objectives are as follows: 

4. To increase crop production 
5. Increase Furrows Income 
6. Additional Labor Income 

 

IV. Project Component/ Activities g. Capability Building/Training 

 Project Management Training  
Cooperativism, Marketing Strategies 
Financial Management 
Training on Product Development 
and Ecotourism Enterprise 
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h. Product Development:  

1. Dried Sinarapan 
2. Smoked Fish – Tilapia 
3. Pinangat 
4. Balisoso 

 
 
i. Livelihood Component  

Marketing of Rice and other developed products  
 
 
j. Marketing Component 

Promotion of Agricultureal product through 
Advertisement exhibit and Trade Fair 

 
 

k. Monitoring and Evaluation 
Regular monitoring and evaluation of the Project 
with participation of various stakeholders such as 
Funding institution and the communities 
 

l. Other components (specify): 
 

V. Input Requirement  c. Needed Manpower – Tasks/Duties 
Mason 
Foreman  
Laborer 
Engineer 
Surveyor 
 Timekeeper 

d. Needed Tools/Equipment/Supplies and Materials 
Tools 

Cement  
Sand 
Hollow Blocks 
Gravels 
Cavella 
Tie Wire 
Nails 
Coco Lumber 
 
 
 
 
 
 
 

VI. Implementation of Schedule Calendar of Activities (Gantt Chart) 
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Activities Expected 
output 

 
Duration 

Remarks 

  J F M A M J  

  √ √ √ √ √ √  

         

         
 

VII. Expected Output and Result  Sustainable Livelihood with an Increased Return on 
Investment 
Establish agro – ecotourism., spof 
 

VIII. Project Beneficiaries BAWP beneficiaries in San Roque, San Vicente, San 
Antonio, San Esteban 
 

1. Agta Tabanon (IPs) 
2. Member and Non- members of Association 
3. Other Tourism 

IX. Implementation Arrangement MOA of Contract  
Terms and Conditions between Proponent and other 
parties 

X. Estimated Budgetary 

Requirement 

1. Personal Services 
 

Item Unit/ Price Amount 

Engineer  48,000 

Surveyor  12,000 

Foreman 7000/day x 144days 100,800 

Timekeeper 500/day x 144days 57,600 

3 Mason  500/day x 144days 216,000 

1 Bodigero  350/dayx 144days 50,400 

10 laborer 350/dayx144days 504,000 

Hauling  160,000 

Sub-total  1,148,800.00 

 
 
2. Maintenance Operation Expenses 

 

Materials: Unit /Price Amount 

Cement 2000bags/225 450,000 

Cabilla 
12mm 
10mm 

 
300pcs/220 
200pcs x 190 

 
66,000 
38,000 

Sand 1000cubic/600 600,000 

Gravel 1000cubic/500 500,000 

Tie wire 30kls/80 2,4000 

Hollow Blocks 2000pcs/12 24,000 

Nail  
3” 
2” 

 
10kls/60 
10kls/60 

 
600 
500 

Cocolumber  100pcs/100 17,000 
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Total  1,698,500 

 
 

3. Capital Outlay 
Maintenance and Operating Expense 1, 698, 500 
Personal Services                                1, 148, 800 
 

Total Project Cost                                            2, 847, 
300.00 

 

Prepared by: 
 

BENJAMEN CLAVICILLAS  
President, Iraya Planters Association 
 
 
Noted: 
 
                                               
                                               
 
 
Board of Trustees 
___________________ ___________________ ____________________ 
 
___________________ ___________________ 

 
 
 
Recommending Approval: 

 
MR. ALFREDO N. LAVADIA 
Municipal Agriculture Officer 

 
 

Approved: 
 
 

ELENA DE LOS SANTOS 
Regional Executive Director, DA-RFO 5 

 

 

 
 

WORKSHOP OUTPUT  
USING SIMPLE PROJECT PROPOSAL FORMAT 
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Monte Calvario Small Farmers Association (MOCSFA) 
 

I. Basic Information 
 

 Project Title: 
 

 Proponent (Name of 
Organization) 
 

 
           Name of Contact Person/s 
 

 Collaborating Agency/ies 
 

 Project Duration 
 

 Project Location 
 

 Total Budgetary Requirement 

 
 
FARM TO MARKET ROAD IN MONTE CALVARIO 
 
MONTE CALVARIO SMALL FARMERS ASSOCIATION 
(MOCSFA) 
 
 
Jejomar C. Aguilar 

 
Department of Agriculture RFO 5 
 
1 year 
 
Sitio Dimadao to Sitio Mabacog 
 
10 Million 

II. Background/Rationale Importance why you need the project 
5. Easy transport of Agri. Products 
6. To minimize losses and produce quality products 
7. To lessen the risk of the commuting public 
8. To facilitate market accessibility of agricultural 

produce 
 

III. Objectives Generally, the project intend to: Minimize labor cost in 

handling or transporting agricultural products. Timely 

delivery of agricultural products to the 

market.                                  

                                                                                          

 

 

Specific objectives are as follows: 

7. Additional income to the commuter specially in 
the riding public 

8. Serves as drying pavement for agricultural 
product as substitute multi – purpose drying 
pavement 

9. Help in the promotion of agri – tourism in the 
barangay 

10. It beautifies the community 
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IV. Project Component/ 
Activities 

m. Capability Building/Training 

 Laborer of skilled worker for safety measures 
 

 
n. Product Development:  

 Fruits, vegetables unlike coconut, banana 
 

 
o. Livelihood Component  

 Raising of native chicken 

 Swine Production 

 Livestock Dispersal 
 

p. Marketing Component 

 To enhance and improve marketing of 
product 

 
 

q. Monitoring and Evaluation 

 Engineer supervision and evaluation 

 Monitoring when they have work 

 Evaluation from start of work to finish 
 
 

r. Other components (specify): 
 

V. Input Requirement  
 
 
 
 
 
 
 
 
 
 
 

e. Needed Manpower – Tasks/Duties 
Truck 
MOCSFA Members 
 

f. Needed Tools/Equipment/Supplies and 
Materials 

Shovel  
Mixer 
Gravel and Sand 
Nail 
Cement 
Plywood  

VI. Implementation of 
Schedule 

Calendar of Activities (Gantt Chart) 
 

Activities Expected 
output 

Duration Remarks 

J F M … 

1.Project 
Prep. 

 X      

2.Impleme
ntation of 
Project 

  X    

3.Procure
ment 

   X    
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VII. Expected Output and 
Result  

Sustainable Livelihood with an Increased Return on 
Investment 
Have a finished farm to market Road 
 

VIII. Project Beneficiaries BAWP beneficiaries in San Roque, San Vicente, San 
Antonio, San Esteban 

Monte Calvario and other Barangays 
 

IX. Implementation 
Arrangement 

MOA, POW 
Terms and Conditions 

X. Estimated Budgetary 
Requirement 

 

Personal 
Services  

Unit/Price Amount 

 Engineer 1000/day x 90dayx 2 180,000 

Formeman 700/day x90days x 4 252, 000 

Skilled Labor 500/day x90 days x 
10 

450, 000 

Laborers 400/day x 90days x 
40  

1,440.00 

Timekeeper 500/day x 90days x 
4 

180, 000 

Traffic 
Enforcer 

300/day x 90days x 
8 

216,000 

Bodegero 400/days x 90days 
x4 

144, 000 

Sub-total  2, 862, 000 

 
  
 

Maintenance 
Operation 
Expenses 

 Amount 

Material and 
Equipments 
Cost 

 7,800,000 

                                 
                                                        
 

Total Project Cost                                            10 Million 
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Prepared by: 

__________________________ 

Project Proponent 

 

 
 
Noted: 
 
Board of Trustees 
 
__________________  _____________________ _____________________ 
__________________ _____________________ 
 
 

Recommending Approval: 
 

MR. ALFREDO N. LAVADIA 
Municipal Agriculture Officer 

 
 

Approved: 
 
 

ELENA DE LOS SANTOS 
Regional Executive Director, DA-RFO 5 
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WORKSHOP OUTPUT  
USING SIMPLE PROJECT PROPOSAL FORMAT 

Sta. Cruz Farmer’s Organic Association(SCOFA) 

I. Basic Information 

 Project title 
 
 
 

 Proponent (Name of 
Organization)  
 
Name of Contact Person/s 

 
 

 Collaborating Agency/ies 
 

 
 

 Project Location 
 

 Total Budgetary Requirement 

 
SWINE PRODUCTION AND MEAT PROCESSING 
LIVELIHOOD PROJECT 
 
 
Sta. Cruz Farmer’s Organic Association(SCOFA) 
 
 
SCOFA 
President  
 
Department of  Agriculture, Department of Agrarian 
Reform 
1 year 
 
BarangaySta Cruz, Buhi, Camarines Sur  
 
Php305,000.00 

II. Background/Rationale Year Organized: 2012 
Number of Member: 33 
Average Size of the Land (ha): 70has 
Average farm Yield (cavan/ha):  
 

 The project will provide additional income among  

the members farmers 

 Additional capital among members 

 For food and nutrition of the farming community 

 
 

III. Objectives Generally, the project intended to knowledge and skills 
on swine production and meat processing 
 
Specifically to; 

 To provide training skill among members who 
are interested in swine production and meat 
processing 

 To provide alternative source of income among 
members 

 To ensure food and nutrition among the farming 
communities 
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IV. Project Component/ Activities Capacity building/ Training 
 

 Training the members with best practices in 
Swine production and  

 Conduct hands on training on meat processing 
and entrepreneurships. 

 Training on swine production and meat 
processing 

 
Production Development 
 

 Quality  product in meat processing such as 
longanisa, shomai, tosino and burger patty  

 
Marketing Component 
 

 Members will be distributor in areas with swine 
production project to process meat and market 
of their products 

 
Monitoring and Evaluation 
 

 Members will be monitored by the officers of the 
association to supervise and manage the project  

 

V. Input Requirement a. Needed Manpower-tasks/Duties 

 Members who will engage in the project will have 
a counterpart in tools for meat processing and 
housing for swine production. 
 

b. Needed Tools/ Equipment/ Supplies and 
Materials 
 

 PPEs (gloves, hairnet, apron, etc,) 

 Kitchen Utensils 

 Meat grinder 

 Ingredients  

VI. Implementation of Schedule 
 
 
 
  
 
 
 
 

Calendar of Activities (Gantt Chart) 
 

Activities Expected 
output 

 
Duration 

 

  D J F M  A M J 
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Construction of 
pigpens  
 
Purchasing of 
materials for 
meat 
processing 

Members 
who  will 
engage in 
respective 
project will 
be  
preparing 
their 
respective 
counterpart 

*       

Implementation 
of  swine 
project for 
meat 
production 

 

 * * *   

 

Implementation 
of meat 
processing 
production   

 

 
 
 

  * * 

 
* 

Marketing          

Monitoring and 
Evaluation 

 
* * * * * * 

 
* 

 
 

VII. Expected Output and Result At the end of the project each member who will engage 
in swine production and meat processing will earn 20% 
return of investment. 
 

VIII. Project Beneficiaries SCOFA member and other non-members in Sta. Cruz 
who are interested in Swine production and meat 
processing. 
 

IX. Implementation Arrangement Members will make the project sustainable in which the 
members who engage in swine production project will 
provide the raw materials in the meat processing 
project making the basic raw materials of meat 
processing readily available. 
 

X. Estimated Budgetary 
Requirement 

1. Personal Services 
 

Honoraria for Officer 
for monitoring 

5,000 X12  
 

Sub-total   60,000 

 
2. Maintenance Operation Expenses  

Particulars Budget Source of 
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Fund 

1. Training materials 10,000  

2. Food for trainings 35,000  

3. Piglet  
10 piglets 

15,000  

4. Equipment 20,000  

5. PPEs 15,000  

6. Ingredients 30,000  

7. Feeds and 
Biologic 

120,000  

Sub-total  245,000  

 
 

Total Project Cost                 305,000 

 

 
 
 
 
Prepared by: 

 
 
___________________ 
President SCOFA 
Project Proponent 
 
 
Noted: 

 
__________________ ___________________ ___________________ 
 
__________________ ___________________ 
Board of Trustees 
 

Recommending Approval: 
 

MR. ALFREDO N. LAVADIA 
Municipal Agriculture Officer 

 
Approved: 

 
ELENA DE LOS SANTOS 
Regional Executive Director, DA-RFO 5 
 



 

 

 

 

 

 

 

Annex 5.3: Project Proposal Development Training Outputs of Farmers’ Organizations 

in Polangui, Albay1 

 

 

 

 

 

 

 

 

 

 

 

 

1Drafted by training participants; Packaged by Dr. Celerino Llesol, Training Resource Person 
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WORKSHOP OUTPUT 

USING SIMPLE PROJECT PROPOSAL FORMAT 
Palay Checker Palayamanan Farmer's Association 

I. Basic Information 
 

 Project title 
 

 Proponent (Name of 
Organization)  

 
    -Name of Contact 

Person/s 
 
 

 Collaborating Agency/ies 
 

 Project Duration 
 

 Project Location 
 

 Total Budgetary 
Requirement 

 
Palayamanan Farmer's Training Center 
 
 
FFS/ Palay Checker Palayamanan Farmer's Association 

 
 
Pablo Santos 
09972180745 
 
BAWP 
DA RFO 5 
 
10 years 
 
Balangibang, Polangi, Albay 
 
 
5.5 Million 
 

II. Background/Rationale Year Organized: 2012 

Number of Member: 41 

Average Size of the Land (ha): 262.2has 

Average farm Yield (cavan/ha): 86 cavan/has 

 
Importance why you proposed the project 

1. A training center that will cater farmers needs in skills 
development 

2. To provide  technical skills on new rice farming technology 
3. To help farmers in the adaptation of new farm technology 
4. To produce a new way of rice production through organic 

agriculture 
 

III. Objectives Generally, the project intends to help the  farmers to improve the 
rice the rice production of Brgy. Balangibang. 

 
Specific objectives are as follows: 

1. To served as training center for rice farming in Polangui 
Albay 

2. To facilitate the dissemination of information  of new 
technology among farm families 
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3. To enhance the  entrepreneurial skills of farmer beneficiaries 
4. To increase the income of farm families through new farm 

techniques. 
5. To be able to produce organic fertilizer and pesticide that will 

be used by local farmers 
6. To be able to adopt a climate resilient rice variety. 

IV. Project Component/ Activities a. Capability building/Training  

 To institutionalized the used of organic  fertilizer and 
pesticide  

  
b. Product Development  

 
 
 

C. Livelihood Component 

 To produce new rice variety for adoptive to climate 
change 

 To produce organic fertilizer and pesticide. 
 

 
c. Marketing Component 

 

 Training on record keeping and financial analysis 

 Training on marketing of farm products 
 

 
d. Monitoring and Evaluation  

 The association will conduct meeting every quarterly 
to discuss the progress of the project 

 
 

e. Other components (specify) 
 
 
 

V. Input Requirement a. Needed Manpower –Tasks/Duties 
Project Manager-Take charge the operation and 
management project 
Project Assistant- assist the manager in performing routinary 
activities being implemented in the project, prepare report 
and work on the financial transactions relative to the project. 
Resource persons with needed technical expertise – to 
tackle matters regarding the technical knowledge and skills 
needed during the capacity building activities. 

 
b. Needed Tools/Equipment/Supplies and Materials 
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 Rice seed 

 Fertilizer  

 Insecticide 

 Training materials 
 

VI. Implementation of Schedule 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

Calendar of Activities (Gantt Chart) 
 

Activities Expected 
output 

 
Duration 

 

  D J F M  A M J 

Capacity 
Building 
(trainings)  

Farmers 
Association 
with well-
versed 
technical 
skills in 
integrated 
farming and 
mechanized 
farming 
system 

 
* 

      

Land 
Preparation 

   
* 

     

Transplanting   *      

Fertilization    *     

Pest 
Management 

   * *    

Harvesting      *   

Product 
Marketing 

      * * 

 

VII. Expected Output and Result Sustainable Livelihood with an Increased Return on Investment 
among SVOFA members 
 
 

VIII. Project Beneficiaries 50 Members of  San Vicente Ogbon Farmers Association  
 
 

IX. Implementation Arrangement Memorandum of Agreement/Understanding with the partner 
agencies will be made stating the responsibilities and obligations of 
both partner agencies and proponents. 

X. Estimated Budgetary 
Requirement 

1. Personal Services 
 

Project Manager 
(honoraria) 

  60,000  
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Project Assistant 120,000  

Resource Persons 100,000  

Sub-total 380,000  

 
2. Maintenance Operation Expenses  

Particulars Budget Source of Fund 

1. Training materials 

 Notebook 

 Pen 

 Envelope 

 Hands out 

 Certificates  
 

 
500 
250 
300 
300 
300 

 

2. Venue Rental 
20, 000 x 4 days 
 

 
80,000 

 

3. Food 

 Snack 
100x4dayx50pa
x 

 Lunch 
150x4dayx50pa
x 
 

 
 

20,000 
 

30,000 

 

4. Planting Materials 

 Seeds 

 Fertilizer 

 Insecticides 
 

 
75,000 
30,000 
65,000 

 

Sub-total  681, 650.00  

 
3. Capital outlay (through donation from DA) these 

equipment will add income to the association from 
rentals of the equipment  
 
PS………………………380,000 
MOOE…………………. 681, 650.00 
Construction of Farmers Training Center Facility 
Capital Out Lay ……… 4,400.,000 

Total Project Cost                 1,731,650.00 
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Prepared by: 
 
PABLO SANTOS 
Project Proponent 
 
Noted: 
 
____________________ ___________________ ___________________ 
____________________ ___________________ 
 
Board of Trustees 
 
Recommending Approval: 
 
_________________________________ 
Municipal Agriculture Officer 
 
 

Approved: 
 

ELENA DELOS SANTOS 
Director DA-RFU 5 
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WORKSHOP OUTPUT  
USING SIMPLE PROJECT PROPOSAL FORMAT 

Galuda Farmers Association 

I. Basic Information 

 Project title 
 
 

 Proponent (Name of 
Organization)  
 
-Name of Contact 
Person/s 

 Collaborating 
Agency/ies 

 
 

 Project Duration 
 

 Project Location 
 

 Total Budgetary 
Requirement 

 
Establishment of Dryer Facility 
 
 
Galuda Farmers Association 
 
 
Felix Bonut 
09092833061 
 
Department of Agriculture 
LGU 
 
60 calendar days / February to April 2018 
 
Brgy. Gamot, Polangui, Albay 
 
 
 

II. Background/Rationale Year Organized: 2012 

Number of Member: 30 

Average Size of the Land (ha): 45has 

Average farm Yield (cavan/ha):  

 
Importance why you proposed the project 

1. No proper place or facilities for solar drying thus increase the 

wastage during the process of drying. 

 

III. Objectives Generally, the project intends to To establish a facilities that will cater 
the needs of the farmers during solar drying activity 
 
Specific objectives are as follows: 

1. To help the farmers for their need for a solar dryer facilities 
2. To reduced the amount of wastage during the drying activity 
3. To generate income out from the fees in the usage  of solar dryer 

facility 
 

 

IV. Project Component/ 
Activities 

f. Capability building/Training  
The members of the association will be trained on how to 
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operate the drying facilities 
 

  
g. Product Development  

 
 
 

h. Livelihood Component 
 

 
i. Marketing Component 

To be a source of income of the association 
 

 
j. Monitoring and Evaluation 

 Regular monitoring and evaluation will be conducted within the 
duration of the project. 

 
 

k. Other components (specify) 
 
 
 

V. Input Requirement c. Needed Manpower –Tasks/Duties 
Project Manager-Take charge the operation and management project 
Project Assistant- assist the manager in performing routinary activities 
being implemented in the project, prepare report and work on the 
financial transactions relative to the project. 
Resource persons with needed technical expertise – to tackle matters 
regarding the technical knowledge and skills needed during the 
capacity building activities. 

 
d. Needed Tools/Equipment/Supplies and Materials 

 Mechanical Dyer 

Personal/ 
Manpower 

Duties/Function Man-day Salary/ Wage 

Laborer/Utility  30 day 90,000 

Manager Overall Mgt  22 day 6,600 

Caretaker   3,000 

Subtotal   102,600 

 

Supplies and 
Materials 

Unit Price/Unit Amount 

Cement 200 bags 200 40,000 

gravel 25 cubic 450 11,250 

sand 75 400 30,000 
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Coco lumber 50 pcs 156 7,800 

Subtotal   89,050 

VI. Implementation of 
Schedule 

 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

Calendar of Activities (Gantt Chart) 
 

Activities Expected 
output 

 
Duration 

D J F M  A M J 

Proposal 

Preparation 

  
* 

      

Organization 

and orientation 

of staff 

   
* 

     

Procurement of 

Materials 

  *      

Project 

Implementation 

   *     

Capability 

Building 

   * *    

Monitoring and 

evaluation 

     *   

Proposal 

Preparation 

      ** ** 

 

VII. Expected Output 
and Result 

Established the dryer facility and minimize the wastage of during the drying 
activity  
 

VIII. Project 
Beneficiaries 

50 Members of  San Vicente Ogbon Farmers Association  
 
 

IX. Implementation 
Arrangement 

All member and non-members of the association who wants to avail the 
facility  

Role of Project Partner/ Collaborating Entities 

 DA 
 

Policy on the Utilization of Project Assets 
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Fees will be collected for the operation and maintenance for the 
farmers that will be using the facillity 
 
MOA/ MOU or other mode of contract 

   
  MOA with DA, DTI DOST, LGU and SUCs 
 

X. Estimated Budgetary 
Requirement 

4. Personal Services 
 

Personal services Amount 

Project Manager (honoraria)   60,000 

Project Assistant 120,000 

Resource Persons 100,000 

Sub-total 380,000 

 
5. Maintenance Operation Expenses  

Maintenance and Operating 
Expenses 

Amount 

a. Supplies and materials  5,000 

b. Travel Expenses 2,000 

c. Fuel/ gasoline/oil 3,000 

d. Communication  2,000 

e. Rentals  10,000 

f. Electrical 12,000 

g. Catering 50,000 

TOTAL 89,050 

 
6. Capital outlay (through donation from DA) these equipment will 

add income to the association from rentals of the equipment  
 

Total Project Cost                 660,700.00 

 

 
 
 
 
 
 
 
 
 
Prepared by: 

 
 
FELIX BONUT 
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Project Proponent 
 
Noted: 
Board of Trustees 
 
Recommending Approval: 
 
____________________________ 
Municipal Agriculture Officer 
 
 

Approved: 
 
 

ELENA DE LOS SANTOS 
Regional Executive Director, DA-RFO 5 
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WORKSHOP OUTPUT  
USING SIMPLE PROJECT PROPOSAL FORMAT 
Kinuartelan Development Farmers Association 

I. Basic Information 

 Project title 
 
 

 Proponent (Name of 
Organization)  
 
-Name of Contact 
Person/s 
 
 

 Collaborating 
Agency/ies 

 
 

 Project Duration 
 

 Project Location 
 

 Total Budgetary 
Requirement 

 
Palay Trading (Buy and Sell of other agricultural products) 
 
 
Kinuartelan Development Farmers Association 
 
 
Mr. Ruben Rubio Sr. 
President  
09092833061 
 
Department of Agriculture 
Department of Agrarian Reform 
 
 
One year on pilot 
 
San Vicente, Ogbon, Nabua, Camarines Sur 
 
 
________________________ 

II. Background/Rationale Year Organized: 2012 

Number of Member: 33 

Average Size of the Land (ha): 70has 

Average farm Yield (cavan/ha):  

 
Importance why you proposed the project 

 This project will help the members of the association in the 

marketing of their farm produced. 

 

III. Objectives Generally, the project intends to To increase the income of association 
members and to engage on other entrepreneurship 

 
Specific objectives are as follows: 

 To establish a buy and sell trading that will help the association 
in the marketing  

 To serve as credit organization for the farmer members of the 
association  
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IV. Project Component/ 
Activities 

l. Capability building/Training  
Training on pre, during and post production of “bigante”  

           rice variety and integrated farming system. 
 

  
m. Product Development  

 
 
 

n. Livelihood Component 
 

 
o. Marketing Component 

 

 Training on record keeping and financial analysis 

 Training on marketing of farm products 
 

 
p. Monitoring and Evaluation 

 Regular monitoring and evaluation will be conducted within the 
duration of the project. 

 
 

q. Other components (specify) 
 
 
 

V. Input Requirement e. Needed Manpower –Tasks/Duties 
Project Manager-Take charge the operation and management project 
Project Assistant- assist the manager in performing routinary activities 
being implemented in the project, prepare report and work on the 
financial transactions relative to the project. 
Resource persons with needed technical expertise – to tackle matters 
regarding the technical knowledge and skills needed during the 
capacity building activities. 

 
f. Needed Tools/Equipment/Supplies and Materials 

 Industrial Weighing Scale 

 Calculator 

 Bags/sack 
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VI. Implementation of 
Schedule 

 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

Calendar of Activities (Gantt Chart) 
 

Activities Duration in Month 

J F M A M J J A S O N D 

Capability Building             

 Training on record 
keeping and 
financial analysis 

 Training on 
marketing of farm 
products 

 
 

            

Project Operations             

Monitoring and Evaluation             

             
 

VII. Expected Output 
and Result 

Sustainable Livelihood with an Increased Return on Investment 
among members 
 
 

VIII. Project 
Beneficiaries 

 
Farmer members of KDFA  

IX. Implementation 
Arrangement 

Memorandum of Agreement/Understanding with the partner agencies will be 
made stating the responsibilities and obligations of both partner agencies 
and proponents.  

 MOA with DA, DTI DOST, LGU and SUCs 

X. Estimated Budgetary 
Requirement 

7. Personal Services 
 

Personal services Amount 

Project Manager (honoraria)   60,000 

Project Assistant 120,000 

Resource Persons 100,000 

Sub-total 380,000 

 
8. Maintenance Operation Expenses  

Maintenance and Operating Expenses Amount 

h. Supplies and materials  5,000 

i. Travel Expenses 2,000 

j. Fuel/ gasoline/oil 3,000 

k. Communication  2,000 

l. Rentals  10,000 

m. Electrical 12,000 
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n. Catering 50,000 

TOTAL 89,050 

 
 

9. Capital outlay (through donation from DA) these equipment will 
add income to the association from rentals of the equipment  

 

Total Project Cost                 89,000.00 

 

 
Prepared by: 

 
RUBEN RUBIO SR. 
Project Proponent 
 
Noted: 

 
____________________ _________________ ________________ 
____________________ _________________ 
Board of Trustees 
 
Recommending Approval: 
 
________________________ 
Municipal Agriculture Officer 
 

 
Approved: 
 
 
ELENA DE LOS SANTOS 
Regional Executive Director, DA-RFO 5 
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WORKSHOP OUTPUT  
USING SIMPLE PROJECT PROPOSAL FORMAT 

La Madella Farmers Association 

I. Basic Information 

 Project title 
 
 

 Proponent (Name of 
Organization)  
 
-Name of Contact 
Person/s 
 

 Collaborating 
Agency/ies 

 
 

 

 Project Duration 
 

 Project Location 
 

 Total Budgetary 
Requirement 

 
Establishment of La Madella Multipurpose Building 
 
 
La Madella Farmers Association 
 
 
Mr. Amando S. Barra 
09993639781 
 
Department of Agriculture 
Local Government Unit 
 
 
 
6 months 
 
Zone 1, La Madella, Polangiu, Albay  
 
 
P 500,000.00 
 

II. Background/Rationale  
Year Organized: 2013 

Number of Member: 56 

Average Size of the Land (ha): 500 sq. meter per member 

Average farm Yield (cavan/ha):  

 
Importance why you proposed the project 

 The facility will served as storage area for the associations products 

and farm equipment 

 

III. Objectives Generally, the project intends to To construct a multipurpose building that 
will cater the needs of the association members for a storage facility. 

  
 
Specific objectives are as follows: 

 To provide storage facility for the farmers member 

 To generate income for the association through rentals 
who will avail the services  
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IV. Project Component/ 
Activities 

r. Capability building/Training  
Training on pre, during and post production of “bigante”  

rice variety and integrated farming system. 
 

  
s. Product Development  

 
 
 

t. Livelihood Component 
 

 
u. Marketing Component 

 
 

 
v. Monitoring and Evaluation 

 Regular monitoring and evaluation will be conducted within the 
duration of the project. 

 
 

w. Other components (specify) 
 
 
 

V. Input Requirement g. Needed Manpower –Tasks/Duties 
Project Manager-Take charge the operation and management project 
Project Assistant- assist the manager in performing routinary activities 
being implemented in the project, prepare report and work on the 
financial transactions relative to the project. 
Resource persons with needed technical expertise – to tackle matters 
regarding the technical knowledge and skills needed during the 
capacity building activities. 

 
h. Needed Tools/Equipment/Supplies and Materials 

 

VI. Implementation of 
Schedule 

 
 
 
  
 
 

Calendar of Activities (Gantt Chart) 
 

Activities Duration in Month 

J F M A M J J A S O N D 

Proposal 
Preparation  

            

Project 
Implementation- 
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construction of  
the building  

Operationalization 
of the facility 

            

Monitoring and 
Evaluation 

            

Report Writing             
 

VII. Expected Output 
and Result 

Sustainable Livelihood with an Increased Return on Investment 
among members 
 
 

VIII. Project 
Beneficiaries 

 
 

IX. Implementation 
Arrangement 

Memorandum of Agreement/Understanding with the partner agencies will be 
made stating the responsibilities and obligations of both partner agencies 
and proponents. 

X. Estimated Budgetary 
Requirement 

10. Personal Services 
 

Project Manager 
(honoraria) 

  60,000  

Sub-total 60,000  

 
11. Maintenance Operation Expenses  

Maintenance and Operating 
Expenses 

 

o. Supplies and materials  35,000 

p. Travel Expenses 15,000 

q. Fuel/ gasoline/oil 5,000 

r. Communication  5,000 

s. Rentals  10,000 

t. Electrical 25,000 

u. Catering 10,000 

TOTAL 105,000 

 
12. Capital outlay (through donation from DA) these equipment will 

add income to the association from rentals of the equipment  
 

Total Project Cost                 165,000.00 
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Prepared by: 

 
 

     AMANDO S. BARRA 
Project Proponent 
 
Noted: 

 
Board of Trustees 
 
___________________ _________________ _________________ 
___________________ _________________ 
 
Recommending Approval: 
 
___________________________ 
Municipal Agriculture Officer 
 
 

Approved: 
 
 

ELENA DE LOS SANTOS 
Regional Executive Director, DA-RFO 5 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

Annex 3: Draft Implementation Rules and Regulations of Climate Field School 

Ordinance 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 Bicol Agri-Water Project FINAL REPORT (OCT. 1, 2012 – DEC. 31, 2017) | 2 

 

IMPLEMENTING RULES AND REGULATIONS 

of 

MUNICIPAL ORDINANCE NO. 14-154: 

AN ORDINANCE INSTITUTIONALIZING THE BUHI CLIMATE SMART FARMERS FIELD SCHOOL 

AS A VENUE FOR LEARNING CLIMATE CHANGE ADAPTATION FOR AGRICULTURE 

 

RULE 1 – GENERAL PROVISIONS 

Section 1. Title – These Rules shall be known and cited as the Implementing Rules and Regulations of 

Municipal Ordinance No. 14-154 also known as the Buhi Climate Smart Farmers Field School 

Section 2. Purpose – These rules are hereby promulgated to prescribe the mechanism and guidelines 

for implementing Ordinance No. 14-154, to facilitate compliance therewith, and achieve the objectives 

thereof. 

Section 3. Declaration of Policy – It is the policy of the local government of Buhi to protect life and 

advance the rights of all citizens to food sufficiency, sovereignty and safety, sustainable livelihood and 

social equity in accord with the rhythm and harmony of nature. 

Section 4. Scope of Application –  

RULE 2 – DEFINITION OF TERMS 

Section 1 – Whenever used in these Rules, the following shall refer to: 

(a) Farmers Field School (FFS) – is a group of farmers who get together to study a particular topic 

that provide opportunities for learning by doing; 

(b) Field School – is the learning place where farmers working in small groups collect data, analyze and 

make decisions based on their analyses then present the decisions to other farmers for refinement; 

(c) Farmers – are experts conducting their own field studies. Training is based on comparison of 

activities that they conduct; 

(d) Agricultural products – include any agricultural commodity or product whether raw or 

processed, including any commodity or product derived from crops or livestock for human or livestock 

consumption; 

(e) Council – shall refer to Buhi Climate Smart Farmers Field School created under this ordinance; 

(f) Disaster – a serious disruption on the functioning of a community or a society involving widespread 

human, material, economic or environmental losses and impacts, which exceeds the ability of the 

affected community or society to cope using its own resources; 

(g) Climate Change – a change in climate that can be identified by changes in the mean and/or 

variability or its properties and that persists for an extended period typically decades or longer, whether 

due to natural variability or as a result of human activity; 
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(h) Hazard – a dangerous phenomenon, substance, human activity or condition that may cause loss of 

life, injury or other health impacts, property damage, loss of livelihood and services, social and economic 

disruption, or environmental damage. 

RULE 3 – THE BUHI CLIMATE SMART FARMER FIELD SCHOOL COUNCIL (BCSFFSC) 

Section 1. The Climate Smart Farmers Field School (CSFFS) aims to integrate weather and climate 

information on disaster management and agriculture planning to help in their decision-making and create 

awareness of participants in Disaster Risk Reduction and Climate Change Adaptation (DRR/CCA) 

 The Bicol-Agri Water Project (BAWP) and the sponsoring agency, the United States Agency for 

International Development (USAID) already started the CSFFS program to selected barangays in the 

municipality. 

 To carry out the policy and program provided in this ordinance, the Local Government of Buhi 

through its Sangguniang Bayan shall create the Buhi Climate Smart Farmers Field School (BCSFFSC) to 

serve as the policy-making body and shall provide direction and general guidelines or functional 

committee established to respond to integrate the needs, vision and plans of the stakeholders the 

BCSFFSC. 

Section 2. Composition – The composition of Buhi Climate Smart Farmers Field School Council 

(BCSFFSC) shall be the following: 

(a) Chairman : Municipal Mayor 

(b) Vice-Chairman : Chairman, SB Committee on Agriculture 

(c) Members: Municipal Planning and Development Coordinator 

                         Municipal Agriculturist 

                         Department of Education 

                         Liga ng mga Barangay 

                         Representative from the small farmers 

                         Representative from the NGOs, POs involved in sustainable 

agriculture/climate change adaptation 

Representative from private and/o9r agribusiness firm 

Section 3. Functions and Responsibilities – Consistent with national policies and standards 

pursuant to the development of the analysis on the impacts of climate change to Philippine Agriculture, 

the Buhi Climate Smart Farmers Field School Council, as a sectoral or a functional committee shall: 

(a) Enhance integrated, systems-based approaches, strategies and institutional arrangements that span 

across different sectors, and inter-governmental organizations; 

(b) Address the sustainable management for food security and livelihoods by investing in the research 

and development of non-propriety plant varieties and breed with the required nutritional, productivity, 

and diseases and climate resistant traits needed by different producers; 

(c) Promote partnerships between the private sector and farmers/farmer groups and cooperative to 

promote the production of high quality products. Partnership that can enhance knowledge sharing 
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between stakeholders, including scientist, farmers, private sector, civil society and governments, with 

participatory agenda setting; 

(d) Encourage private sector investment by reducing or insuring gain-risk through funding transitional 

programs that enable eventual private sector investment; 

(e) Recommend measures to LGUs on policy and programs toward the enhancement of the operation 

related to sustainable agriculture; 

(f) Support low income food importing communities with particular attention to vulnerable families and 

children. 

Section 4. Authority of the Chairman.  

Section 5. Duties and Responsibilities of the Council Members. 

Section 6. Meetings of the National Council 

RULE 4 – IMPLEMENTING MECHANISM 

Section 1. Duration and Frequency – The CSFFSC shall be conducted twice a year, for both wet 

and dry seasons. As the planting seasons may vary from year to year, the CSFFSC shall be scheduled and 

conducted upon the advise of the Municipal Agriculturist based on updated cropping calendars; 

Section 2. Coverage and beneficiaries – Each conduct of CSFFSC shall cover [no. of barangays] 

barangays with [no. of representatives] participants each as identified by Agricultural Extension 

Workers (AEWs) of the Office of Agricultural Services (OAS) for a total of _____ farmers for every 

cropping season; 

Section 3. Trainors and Facilitators – Staff of the OAS or representatives from the Department of 

Agriculture Regional Field Office 5 (DARFO 5) and Central Bicol State University of Agriculture 

(CBSUA) may serve as trainors and/or facilitators; The OAS shall be in charge of the identification of 

resource persons per session of a CSFFSC season.  

Section 4. Module – Resource persons are to use the training modules published by BAWP for 

lowland ecosystem entitled Climate-Smart Farmers’ Field School: A Facilitator’s Manual (Lowland Irrigated 

Agro-Ecological Zone); 

Section 5. Supplies and Inputs – Supplies and inputs needed for the CSFFSC are to be purchased 

from the funds appropriated by LGU Buhi or accepted as sponsorships from partners in the private 

sector, DARFO 5 or other donors that members of the BCSFFSC shall identify.  Supplies and inputs 

needed are to be included in budget proposals integrated in local investment plans. 

Section 5. Venue – CSFFSC sessions are to be conducted in the respective barangays of the 

participants in coordination with local barangay officials. Possible venues include barangay halls, 

churches and multi-purpose halls, if any; and 

RULE 5 - FUNDING AND APPROPRIATION –  
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Funds for the implementation of the CSFFSC are to come from the Municipal Development Fund of 

LGU Buhi under Environmental Development as provided for by the ordinance. Alternatively, funding 

may also come from the Municipal Disaster Risk Reduction and Management Office (MDRRMO) 

under its adaptation and mitigation program, Municipal Environment and Natural Resources Office 

(MENRO), OAS and other offices in conjunction with other offices in disturbed charges as will be 

reflected in annual investment plans and budget appropriations. 
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