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Part One: Overview of Project Work and Outcomes  

 

Non Technical Summary  

Rice terrace systems in Asia have evolved over thousands of years into beautiful landscapes giving rise 

to rich cultural practices.  However, some complex combination of challenges now confronts the 

survival of the rice terraces and its communities. The research initially focused on structural stability 

of Ifugao rice terrace systems in the Philippines and the Hani rice terrace system in China. However, 

in response to needs identified, the project expanded to take a holistic approach considering not only 

ecological resilience but also societal and economic resilience.  

For the Hani rice terraces in China, a strategy centred on ensuring water security is proposed to 

promote equitable and sustainable development. Development of physical infrastructure in the form 

of upstream water ponds and establishing institutions to regulate and protect groundwater in 

downstream are proposed to achieve this.   

For the Ifugao terraces in Philippines, an integrated approach through traditional Muyong forest 

management supported by REDD+ funding is proposed for livelihood enhancement and for managing 

water. Early warning of slope stability and rainfall forecasts systems installed in the study site will be 

used to continuously enhance local capacity for climate information use and improve understanding 

of the ecological functions of the terrace system.   

Keywords [5 maximum keywords]  

Rice terraces, adaptation strategy, land use change, water management system 

 

Objectives 

Goal: To develop ecosystem based adaptation measures and provide a generic method to strengthen 

resilience of traditional rice terrace farming systems in the Monsoon Asia region, reducing risk of flood and 

drought, through case studies in the Hani rice terrace, China and the Ifugao rice terrace, Philippines.  

Aim:  

1. Analyse and evaluate the ingenious and indigenous rice terracing system and technologies of the 

Hani and Ifugao rice terraces, especially its unique water management system which is 

harmoniously designed to suit the local ecosystem and plays a special ecological function.  

2. Investigate and identify the current water cycle and hydrological processes in the Hani and Ifugao 

rice terrace watershed, and simulate its future change and uncertainty due to climate change.  

3. Advocate on-site measures to address enhanced flood and drought conditions expected from 

future climate change. These measures will be designed to cope with future climate uncertainty.  

4. Develop training modules for communities and local government officials, as well as higher 

education sector to develop adaptation strategies for rice terrace ecosystems in the Asia Pacific.  
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Amount Received and Number of Years Supported 

The Grant awarded to this project was: US$130,000 

US$ 45,000 for Year 1; US$ 45,000 for Year 2; US$ 40,000 for Year 3. 

 

Activities Undertaken  

¶ Inception workshop (partners, invited scientists, and APN) to finalize agreement on study sites 

and catchments, project and research strategy and 3-year plan, including a Policy Action Plan 

and Communications and Network Plan. 

¶ Assessments of traditional measures in ecosystem management to reducing risk of floods and 

drought, collection and survey of relevant parameters for hydrological model and climate 

projection model, projection of worst and average changes in water cycle and increased risk 

of floods and drought due to climate change. 

¶ Assessment of structural and non-structural measures to enhance ecological resilience of the 

rice terraces.  

¶ Synthesis of the research results and communicating to local communities, government and 

postgraduate education in climate change adaptation. 

¶ Final workshop and policy forum (partners, invited scientists, policymakers and international 

community) to summarize the project results and identify future steps for collaboration.  

¶ Communications and publications.   

 

Hani rice terraces, China 

During the APN project period from 2011 to 2015, several field surveys have been conducted in the 

two sites. During the survey, the study sites of observing hydrological and weather data were selected. 

The land uses in the village, the water use system, the rich biodiversity of the forests, the sacred plots, 

and the world-famous rice terrace landscape at Laohuzui, Panzhihua and Badascenic spots are visited 

and surveyed too. 

In the year of 2012, a field trip facilitated the instalment the auto weather station at Quanfuzhuang 

village, Yuanyang County, Yunnan Province of South-western China, which is the location of the study 

area as well as in Kiangan clusters in Ifugao. A water weir was constructed to measure the stream flow, 

with Habo water level reader as well as the installation of water meters at Quanfuzhuang village. 

In the year of 2013, some 64 soil samples of rice terraces located at Qingkou village were collected, 

surveyed the manmade channels in the Quanfuzhuang river basin, and downloaded the water level 

data at this time. During February, reconstructed the water dam of inlet and outlet of farmer 

[ƛǿŜƴƘŜΩǎ ǊƛŎŜ ǘŜǊǊŀŎŜǎΦ In March, a workshop was arranged with a field trip to discuss and exchange 

the project results. The workshop included half day of in-house discussion and 2 days to visit and field 

survey in the project study site. 

In the year of 2014, during 25-31 March, a field survey had been organized and the hydrological 

features of soils as well as social questionnaire survey on the impacts of tourism development in Hani 

rice terraces were conducted. In July the project progress has been discussed and field survey on water 
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security of five villages: the Quanfuzhuang, Dayutang and Qingkou hamlets in upstream, Anfen and 

Feimo hamlets in downstream have been conducted. 

Ifugao rice terraces, Philippines 

Few terrace clusters in Ifugao terraces, Philippines have been inspected prior to selection of site.  Local 

villagers who would participate in the pilot study gave advice and strongly influenced the site selection. 

Developing a water balance model to an Ifugao terrace entailed the collection and processing of local 

data. An Automated Rain Gauge, a Parshall flume to measure stream flow, groundwater measuring 

gauges in the terraces were installed to collect continuous data collection to model hydrological 

processes, water cycle and landslide vulnerability of the system.   

Over the research project 10 field visits were made to collect data and conduct social surveys and 

researchers from UNU participated in 8 of them. Three in-depth studies were conducted in the 

terraces (a) a study on the management of the Muyong forests and for the sustainability of the 

terraces (b) a study on the potential to implement REDD+ funded forest management in Ifugao 

terraces and (c) impact of climate change on the water cycle and landslide vulnerability through 

numerical simulation of coupled hydrological and groundwater models under current and future 

climate projections.  

 

Results  

Relevance to the APN Goals, Science Agenda and to Policy Processes 

Goal 1: Promoting regional cooperation on climate change adaptation measures for enhancing rice 

terrace farming system resilience in the Monsoon Asia. Goal 2: Strengthening interactions among 

scientists and policy makers at the policy forum and providing scientific input to policy making in 

climate change adaptation and implementation in paddy rice farming. Goal 3: Improving the scientific 

and technical capabilities of China and Philippine through technical assistance missions, collaboration 

and exchange. Goal 4Υ /ƻƻǇŜǊŀǘƛƴƎ ǿƛǘƘ ǘƘŜ ¦b¦Ωǎ ŜȄƛǎǘƛƴƎ ¦ƴƛǾŜǊǎƛǘȅ bŜǘǿƻǊƪ for Climate and 

Ecosystems Change Adaptation Research (UN-/9/!wύΣ ¦b9{/hΩǎ LƴǘŜǊƴŀǘƛƻƴŀƭ IȅŘǊƻƭƻƎȅ Programme 

and C!hΩǎ Dƭƻōŀƭƭȅ LƳǇƻǊǘŀƴǘ !ƎǊƛŎǳƭǘǳǊŀƭ IŜǊƛǘŀƎŜ {ȅǎǘŜƳǎ όDL!I{ύΦ !tbΩǎ {ŎƛŜƴǘƛŦƛŎ !ƎŜƴŘŀ: 

Conducting systematic regional research focusing on the climate change challenge faced by 

Ƴƻǳƴǘŀƛƴƻǳǎ ǊǳǊŀƭ ŎƻƳƳǳƴƛǘƛŜǎΣ ŀǎǎŜǎǎƛƴƎ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƻƴ ƭƻŎŀƭ ŎƻƳƳǳƴƛǘƛŜǎΩ 

livelihoods, and enhancing  their resilience to climate and ecosystem change and food security in the 

marginal areas through Policy processes: Contributing to sustainable management of rice terrace 

systems, integrating scientific models with traditional knowledge in water management in adapting 

to climate change, and  developing training modules for extension of the new knowledge generated 

from the project for local government officials, communities and higher education in development of 

climate change adaptation strategies.    

 

Self-evaluation  

1. The project was very successful in a number of aspects.  (a) It enhanced the scientific 

understanding of the terrace systems clarified through field observations and numerical 
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modelling and a number of in-depth studies. (b) The project helped to develop a framework to 

build resilience through the holistic treatment of environmental, social and economic resilience 

of the system (c) Through the project it was possible to implement a transdisciplinary research 

approach that could evolve and address needs of the field and to propose measures that could 

bring diverse elements together, and (d) The final symposia and public policy forums helped to 

bring the research outcomes to all stake holders, decision makers and connected the researchers 

and practitioners of the two rice terrace systems, the Ifugao and Hanni to form a learning alliance.  

2. The major findings of the research are as follows; 

a. Responses to climate change should not be treated in isolation, but as an integral 

component within overall framework for sustainable development 

b. At the local scale, different GCM projections result in significant differences in future 

rainfall trends. It is therefore necessary, to compare the downscaled products with past 

observations and correct for biases. The observed trends are higher rainfall during rainy 

season and longer dry periods. However, this range of variation is manageable with 

currently available practices provided adequate measures to address changes are taken 

in advance. 

c. The management of water can be the key issue to integrate diverse and independently 

carried out development activities to ensure cultural and environmental integrity of the 

rice terrace systems is maintained. Institutional as well as physical infrastructure 

development for ensuring water security can lead to balance development among 

upstream and downstream communities as well as preservation of forest cover to 

support both water regulation and climate change mitigation services.  

 

3. Hold a science-policy workshop 

A stakeholder workshop in the rice terraces and a science policy workshop in Manila to share 

experiences, make suggestions and build a learning alliance was conducted at the end of the project. 

(http://inate.info/sustainability-rice-terrace-systems) 

 

4. Publish the results of the study 

The project summary is published as 5 working papers and 1 policy recommendation of UNU-IAS. A 

number of conference and journal articles have been published.  Several other publications are being 

prepared.  

 

Potential for further work  

Implementing the recommendations identified in the study is an important aspect of future work. 

a. Identifying some potential entry points for each strategy is crucial in ensuring that policies are 

relevant and effective in addressing the impacts of changing climate to the rice terraces. For 

this end, it is proposed that (a) academics are nominated to the policy making bodies of 

climate change and indigenous affairs and (b) start up some incubator projects incorporating 

http://inate.info/sustainability-rice-terrace-systems
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all stake holders that can develop into large scale development practices. The UNU-IAS frame 

work INATE (International Network for Advancing Transdisciplinary Education) is a framework 

that can be used to implement such projects.  

b. Through technology and sustainable practices, optimization of weather forecasting and 

modelling though inter-agency cooperation should be made compatible to traditional 

practices of the local communities. Scientific understanding of the farmers should be 

enhanced through capacity building programs. 

c. Through policies, payment for environmental services such aǎ ǿŀǘŜǊ ǳǎŜǊΩǎ ŦŜŜ ōŀǎŜŘ ƻƴ Ŝǉǳŀƭ 

sharing with upstream and downstream communities can be implemented. Attractive 

incentives to the Ifugao people who maintain the rice terrace systems can be offered through 

economic interventions such as alternative livelihood programs. 

d. As for policy development, support from legislative bodies is instrumental. Reviewing existing 

structures and integrating in various levels of planning as well as sectoral and provincial 

planning are important. In planning and implementation, governing laws/codes/technical 

guidelines or plans, policies and programs such as climate change proof should be linked to 

the national sustainable development plans that include conservation of the rice terraces. 

e. Climate change profiling and building up common indicators for planning implementation and 

monitoring purposes both in local and national level should be established. Information 

management system and data sharing making data accessible will enable better forecasting 

and strategy design by participating agencies for climate change adaptation. 
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Part Two: Technical Report 

 

Preface 

[limit to 100 words] 

This research was proposed due address concerns of climate change on traditional rice terrace 

systems. The Hani rice terraces in China and the Ifugao rice terraces in the Philippines were selected 

as the study areas to compare practices and exploit learning opportunities. In both sites, long term 

environmental monitoring and field surveys were carried out to support modelling of hydrological 

processes and water management practices and their changes under future climate.  The outcomes 

emphasize the need to adopt transdisciplinary (multi-stakeholder, multi-disciplinary) approaches to 

address climate change challenges within the broad framework of sustainable development.  

 

Table of Contents 

 

1. Introduction .................................................................................................................................... 7 

2. Methodology ................................................................................................................................... 8 

3. Results & Discussion ..................................................................................................................... 10 

4. Conclusions ................................................................................................................................... 29 

5. Future Directions .......................................................................................................................... 39 

References ............................................................................................................................................ 39 

Appendix ............................................................................................................................................... 40 

 

 

 

1. Introduction 

¢ƘŜ ǇǊƻƧŜŎǘ ŜƴǘƛǘƭŜŘΥ ά5ŜǾŜƭƻping ecosystem-based adaptation strategies for enhancing resilience of 

ǊƛŎŜ ǘŜǊǊŀŎŜ ŦŀǊƳƛƴƎ ǎȅǎǘŜƳǎ ŀƎŀƛƴǎǘ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜέ ƛǎ ŀ ǘƘǊŜŜ-year collaborative project of the United 

Nations University Institute for the Advanced Study of Sustainability, Ifugao State University, Yunnan 

Normal University, and the University of the Philippines, supported by the Asia Pacific Network for 

Global Change Research (APN). 

Hani rice terraces in China and Ifugao rice terraces in the Philippines are world-renowned sustainable 

rice terraces that have served local communities for thousands of years. However, climate change is 

affecting the sustainability of those ecological management systems as it brings in new dimension of 
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continuous changes to local water cycle that would be beyond the regulating capacity of current rice 

terrace systems. The goal of this research is to address dual challenges of both excessive runoff and 

water scarcity due to climate change by providing ecosystem based adaptation measures to 

strengthen resilience of the study sites that can be extended to traditional rice terrace farming 

systems in other parts of Asia to help them cope with the impacts of climate change. On a wider scale, 

ŀŘŀǇǘŀǘƛƻƴ ǎǘǊŀǘŜƎƛŜǎ ŀǊŜ Ǿƛǘŀƭ ƛƴ ǘƘŜ ŀŎƘƛŜǾŜƳŜƴǘ ƻŦ ŜŀŎƘ ŎƻǳƴǘǊȅΩǎ ǎǳǎǘŀinable development plans, 

thus this project also aims at contributing to the mainstreaming of climate change adaptation into the 

sustainable development goals by engaging the policy maker community and other relevant 

stakeholders in the process. 

Specifically, it aims to: (1) Analyse and evaluate the indigenous rice terracing system and technologies 

in Hani and Ifugao rice terrace, 2) Collect past and current hydrological observation data in the Hani 

and Ifugao rice terrace watersheds to investigate and identify the current water cycle and hydrological 

processes, 3) Analyse changes in the current water cycle and future water cycle change tendency using 

a hydrological model, in order to understand the differences in the current and future water change 

and distribution, 4) Identify, assess and promote on-site measures, including traditional and new 

measures to reduce the projected variation range in the water cycles under both the worst and 

average projections of future climate scenarios, 5) Conduct water analysis and related policy analysis 

and examine strategies on enhancing water security in the Hani rice terraces, 6) Analyse and evaluate 

the potential for CO2 sequestration and REDD++ programmes to support management of muyong 

forests in Ifugao, and 7)Develop training modules for local government officials and communities as 

well as for postgraduate education and distance learning on climate change adaptation. 

 

2. Methodology 

The original objective of the project was to develop ecosystem services based approaches to mitigate 

potential adverse impacts of environmental changes resulting from climate change. However, in the 

first inception meeting itself, it became clear that the environmental and social systems in the 

traditional rice terrace systems and closely interconnected and treatment of one or the other in 

isolation will not lead to sustainable solutions. The most important outcome of the inception 

workshop was the agreement by all parties to consider the linkages between natural science 

(hydrological processes, weather), social and economic systems, and their effects under climate 

change. The design of physical structures such as water collection and infiltration facilities for the 

sustainability of the ecosystem as well as enhancing livelihoods through efficient design and 

governance of water management system were set as the broad objectives. This enhanced project 

concept will have resilience building as its core objective.  

Resilience building needs to be viewed holistically considering various challenges and identifying 

approaches that build resilience in various sectors. In this research we adopt the frame work shown 

in Figure 1,  (Herath, 2011) where the global change challenges such as climate change, land cover 

change, population increase, economic growth targets and globalization are viewed as drivers that 

bring about challenges. They are to be addressed by strengthening ecological, social and economic 

resilience of the system. In this research we addressed the (a) ecological resilience through the 

integrated water resources management considering surface and ground water resources, and 

landslide risks from extreme rainfall events, and (b) social and economic resilience through study of 
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institutional needs for water security and economic benefits from REDD+ support to manage 

traditional forest systems.  

 

 

Figure 1   Framework for developing strategies for building resilience in rice-terrace systems 

 

For individual in-depth studies, a general framework shown in Figure 2 is adopted.  In general, future 

scenario is established according to social, land cover and weather projections. The weather is 

generated from downscaled future climate scenarios. At each stage verification of model forecasts is 

carried out as much as possible, according to availability of observations. In both study sites, in 

addition to collecting environmental and socio-economic data for setting up and calibrating 

forecasting models, extensive surveys were carried with individual farmers and focus groups to 

understand their aspirations, challenges and needs.  

In addition to the analysis of water security in Hani rice terraces and vulnerability to landslides in the 

Ifugao terraces, the CO2sequestration potential of different forest types were investigated in Ifugao to 

identify potential climate change mitigation initiatives.  
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Figure 12   Framework for designing adaptation measures 

 

3. Results & Discussion 

IFUGAO  

The results from the Ifugao rice terrace study are summarised in 5 sections as follows, 

¶ Overview of environmental, socio-economic challenges 

¶ Climate projection selection and downscaling 

¶ Instrumentation and hydrological cycle 

¶ Landslide risk analysis 

¶ Assessing CO2 sequestration potential to benefit from REDD+ support for the traditional 

forests 

3.1 Overview of environmental, socio-economic challenges 

The Ifugao rice terraces in the Philippines, one of the world-renowned sustainable rice terraces carved 

into the mountains of Cordillera by ancestors of the indigenous people, have served local communities 

for many hundreds of years. The terraces are located approximately 1,500 meters above sea level and 

cover 10,360 square kilometers of mountainside. The Ifugaos adopt a strict land use pattern for long-

term sustainability of rice terraces. Rice terraces are cultivated below the forests called muyong and 

form an integrated landuse pattern. The muyong forest are private woodlots but are sustainably 

managed with assisted natural regeneration to ensure watershed service to the rice terraces below. 

Shifting cultivation is practiced to produce other crops above the muyong forests. The Ifugao terraces 

of the Philippine Cordilleras were listed as a World Heritage site by the UNESCO World Heritage Centre 

in 1995. As they are dependent on complex water management and vulnerable to weather and 
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climate patterns, changes in climatic conditions have significant impacts that threaten the 

sustainability of these ecological management systems.  This requires quantitative assessment of 

changes and resulting impacts and then to devise appropriate strategies to address them.  In order for 

an appropriate strategy to be devised, an intervention must also take into account the relevant 

stakeholders aspirations and societal conditions that are specific to the project site. Safeguards must 

take into account the existing situation within the area and within the country. The social and 

environmental issues of the area is an extremely complex to address. The primary problems in the 

area are largely a result of economic pressures.  

 

The change to the intensive use of commercial rice, in particular, has been a large factor in contributing 

to this change. The introduction of the high yielding varieties of rice under the Green Revolution 

Program of the Philippine government in the 1970s substituted the heirloom Ifugao rice varieties to 

ǘƘŜ ƴŀǘƛǾŜ ΨǘƛƴŀǿƻƴΩ, which delivered double or even triple of the usual once a year harvest. The 

traditional farmers readily shifted to the high yield varieties from the governmŜƴǘΩǎ ΨǊŜǾƻƭǳǘƛƻƴŀǊȅ 

development initiative. After the farmers have grown accustomed to its perceived benefits, the 

ǘǊŀŘƛǘƛƻƴŀƭ ƪƴƻǿƭŜŘƎŜ ǘƘŀǘ ŎƻƳŜǎ ǿƛǘƘ ǘƘŜ ŎǳƭǘƛǾŀǘƛƻƴ ƻŦ ǘƘŜ ƴŀǘƛǾŜ ΨǘƛƴŀǿƻƴΩ ŜǾŜƴǘǳŀƭƭȅ is forgotten, 

threatening the Ifugao intangible culture aside from the other more prominent negative physical 

results of the initiatives in the rice terraces. Interventions such as this while addressing the very 

important economic issue, has not considered its effect on practices surrounding the native ΨtinawonΩ 

which are central to the Ifugao belief system, and critical to the sustainability of the rice terrace 

systems. 

ά²ƛǘƘƻǳǘ ǘƘŜ ŎǳǎǘƻƳŀǊȅ ǇǊŀŎǘƛŎŜǎ ǘƘŀǘ ƴŜŎŜǎǎƛǘŀǘŜ ǘƘŜƛǊ ŀŎŎƻƳǇŀƴƛƳŜƴǘΣ ǘƘŜ ǊƛŎƘ ŀƴŘ ŎƻƳǇƭŜȄ ƻǊŀƭ 

tradition of the Ifugao will cease to exist sooner than later. Non-contextual performance of cultural 

Ǌƛǘǳŀƭǎ ƻƴƭȅ ǊŜŦƭŜŎǘǎ ǘƘŜ ŘŜǎǇŜǊŀǘŜ ǎǘŀǘŜ ƻŦ ŎƻƴǎŜǊǾŀǘƛƻƴ ƛƴ ǘƘŜ ǊƛŎŜ ǘŜǊǊŀŎŜǎΦέ ς Marlon Martin, SITMo 

With the HYVs having no ritual value whatsoever, rice rituals have ceased to be practiced. Further, 

one no longer hears the chanting of the hudhud epic, during planting or harvesting of the tinawon rice. 

This UNESCO-declared Masterpiece of the Oral and Intangible Heritage of Humanity is currently being 

taught to children in primary schools as a last-ditch effort in intangible heritage conservation. 

Communal practices that revolved around the traditional agricultural cycle have lost their meaning 

resulting to sudden changes in the socio-cultural makeup of terraces communities. Customary labor 

practices and gender roles changed as a result of the changing of rice varieties in the terraces- an 

effect never perceived by any of the development agencies involved in the shift to lowland rice. 

The farmers also were critical of the implementation methods adopted in the restoration works. In Batad, 

Banaue, millions of funding are paid by the government to the farmers to repair their own damaged 

walls, but this has created a psychology of dependence among the community that focuses more on 

the quantity rather than quality as the priority of the stonewall builders. Ancient underground canals 

which were damaged during landslide were merely backfilled instead of proper restoration since there 

are no professionals that oversee proper conservation and restoration work.  These problems arise 

when modern development projects are implemented without proper understanding of the 

traditional or customary features of the landscape and consultation with the local people. 
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These complaints makes one feel that making the traditional rice terrace farming systems 

economically viable, vibrant cultural centres is a challenging task that demand integrated approaches. 

A ten-year Ifugao Rice Terraces Master Plan, introduced in 2002 delineating the functions of all 

stakeholders with each a particular function, sought to centralize all initiatives on the conservation 

work on the IRT at least at the provincial level. However due to bureaucracy and lack of inter-agency 

coordination, the delivery of the services was not successfully implemented and felt by the local 

community.  

Lƴ ǘƘŜ ǇǊŜǎŜƴǘ ǎǘǳŘȅ ǇǊƻƳƻǘƛƻƴ ƻŦ ǘǊŀŘƛǘƛƻƴŀƭ ŦƻǊŜǎǘǎ ΨƳǳȅƻƴƎΩ ƳŀƴŀƎŜƳŜƴǘ ƛǎ ƛƴǾŜǎǘƛƎŀǘŜŘ ŀǎ ŀƴ ƛƴǘŜƎǊŀǘŜŘ 

approach that can improve the livelihoods of community, support water regulation functions under future 

climatic extremes and provide a mechanism for reducing landslide risks. The creation of non-carbon benefits 

associated with a REDD+ initiative looks for an intervention to actually improve the livelihood of the 

local communities in addition to sequestering carbon. The promotion of the concept of the muyong 

seeks to do just that as the muyong provides essential ecosystem services that enhance the livelihood 

of its users 

 

3.2 Climate projection selection and downscaling 

To understand ŦŀǊƳŜǊǎΩ perception of climate change, focus group discussions with local farmers 

residing in Bayninan village were conducted. Specifically, farmer perceptions on climate change 

impacts, and local adaptation measures and behaviours were obtained. Sample sizes were small due 

 

Figure 3 Various difficulties faced by the Ifugao community as identified during 

field visits and surveys  
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to the small population in the village. Thus, results were synthesized from qualitative content analysis 

of the answers, rather than quantitative statistical methods. Such information is valuable in that it can 

also be used to check if downscaled Global Climate Model (GCM) projections actually match the 

observations of the locals. 

 

!ƭƭ ǇŀǊǘƛŎƛǇŀƴǘǎ ƘŀǾŜ ƘŜŀǊŘ ǘƘŜ ǘŜǊƳ άŎƭƛƳŀǘŜ ŎƘŀƴƎŜέΣ ǇǊƛƳŀǊƛƭȅ ǘƘǊƻǳƎƘ Ƴŀǎǎ ƳŜŘƛŀ ǎǳŎƘ ŀǎ 

television and radio. The interviewees have a combined total of more than 100 years farming 

experiencŜΦ ¢ƘŜ ǘǊǳǎǘ ǊŀǘƛƴƎ ŀǘǘǊƛōǳǘŜŘ ǘƻ ƳŜŘƛŀ ƛƴ ǘŜǊƳǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƛǎ άǾŜǊȅ ƘƛƎƘέΣ ŀƴŘ ǘƘƛǎ ǿŀǎ 

because the farmers claim that they have been personally experiencing climate change in the last 15 

years. Table 1 summarizes some pertinent findings on farmer perceptions about climate change, and 

their challenges to adaptation. 

 

Table 1. Climate change perceptions of farmers in Bayninan 

Perceived Impacts of 

Climate Change 

Adaptation Measures 

Implemented 

Challenges to Climate Change 

Adaptation 

Stronger typhoons Shifting the cropping calendar Lack of money 

Shifting of rainy and dry 

seasons 

Reducing water input during 

dry season 

Lack of information 

Lack of technical skills 

Stronger thunderstorms 
Repair of irrigation and 

drainage canals 

Lack of labor 

Reduction of stream flows   

Increase in pest occurrence Application of fertilizer   

 

It is necessary to transform the global scale and statistical characteristics of climate information from 

GCMs to local scale and weather information for the farmers to make use of the information, and for 

the project team to assess the impacts on the terraces.  We have assessed the validity of the GCM 

forecasts through comparisons with the past observations, and also assessed the skill in forecasting 

present weather using a numerical weather forecasting model (WRF model ) calibrated for the site.  

 

For the GCM model selectio, models included in the Coordinated Regional Downscaling Experiment 

(CORDEX) East Asia database (https://cordex-ea.climate.go.kr/) were investigated. These regional 

ŎƭƛƳŀǘŜ ǇǊƻƧŜŎǘƛƻƴǎ όϤрлƪƳ ǊŜǎƻƭǳǘƛƻƴύ ŀǊŜ ōŀǎŜŘ ƻƴ ŀ ŦŀƳƛƭȅ ƻŦ D/aΩǎ ŘŜǾŜƭƻǇŜŘ ōȅ ǘƘŜ aŜǘ hŦŦƛŎŜ 

Hadley Centre called HadGEM2-AO. The data used here are the results from by the Korean 

Meteorological Administration (KMA) and the National Institute of Meteorological Research (NIMR). 

For comparison, global precipitation outputs (~120km resolution) from the GCM of the 

Meteorological Research Institute (MRI) of Japan, as included in the 5th Coupled Model 

LƴǘŜǊŎƻƳǇŀǊƛǎƻƴ tǊƻƧŜŎǘ ό/aLtрύΣ ǿŜǊŜ ŀƭǎƻ ƛƴǾŜǎǘƛƎŀǘŜŘΦ ¢ƘŜ w/tΩǎ ŎƻƴǎƛŘŜǊŜŘ ǿŜǊŜ w/t пΦр ŀƴŘ 

https://cordex-ea.climate.go.kr/
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RCP 8.5. RCP 4.5 is a stabilization without overshoot pathway to 4.5 W/m2 at stabilization after 2100, 

through the use of various policies and technologies to minimize greenhouse gas emissions 

(Thomson et al., 2011). RCP 8.5 is characterized by comparatively high greenhouse gas emissions 

and absence of climate change policies resulting to a radiative forcing of 8.5 W/m2 in 2100 (Riahi et 

al., 2011). 

 

Figure 4 shows the comparison of the observed rainfall data to the different model outputs for the 

period of 1981-2005. Note that RegCM4, SNU-WRF, YSU-RSM, and HadGEM3-RA, are regional 

climate projections derived from the HadGEM2-AO GCM under the CORDEX project. 

 

 
Figure 4. Comparison of observed data and raw model outputs for 1981-2005 period 

 

It can be seen from Fig. 4 that there are considerable biases between observed data and raw model 

outputs. Furthermore, two models, namely HadGEM3-RA and MRI are able to capture the seasonal 

rainfall trend better than the other models. These two model outputs were then corrected using 

quantile-quantile (gama distribution) method. The bias output from MRI and HadGEM3-RA 

projections tend not to agree with one another very much. However, the projections generally 

indicate less rainfall for the dry season.  MRI projections showed a future rainfall trend consistent 

with the expected changes from climate change.  

 

 

According to the outcome summary of the IPCC WG1 in the AR5, the total concentration of CO2 will 

determine the temperature increase, and thus the change of climate conditions. Thus, RCP 4.5 in the 
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far future and R 8.5 in the near future are expected to provide similar results.  This is clear from a 

comparison of MRI 4.5 projections trends estimated from 3 point moving averages of monthly rain 

for the year 2091-2100 (FF) and the MRI 8.5 projections for the 2041-2051 (NF) shown in Figure 5. 

 

 
Figure 5. Seasonal rainfall (moving average for 3 months) of the MRI model show identical patterns 

for the RCP 4.5 far future and RCP 8.5 near future scenarios 

 

 

To understand the trends in rainfall change the monthly rainfall values smoothened with a 3 point 

moving average of the MRI 4.5 and MRI 8.5 projections for the near future (NF) are compared with 

the current (historical) rainfall shown in Figure 6. Compared to present, the rainy season will start 

late and will last longer under the RCP4.5 scenario. There will be no significant increase in the month 

to month rainfall values. Under RCP 8.5 (or far future under RCP 4.5) there will be a significant 

increase of the rainfall during the peak rainy periods of June and July, but less rainfall during October 

to February season.  
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Figure 6. Comparison of MRI projections with historical trends 

 

 

3.3 Instrumentation and analysis of hydrology 

A series of simple falling head infiltration tests to measure infiltration rate within the rice paddies has 

been collected. As reported by Reynolds (2013), these single-borehole infiltration tests are widely 

used for measuring the field-saturated hydraulic conductivity. Figure 7 shows the most common 

configurations for the test. The adopted configuration is as shown in case D. Combined vertical and 

radial discharge from a cased borehole with a basal gravel pack. Reynolds reports that for this 

ŎƻƴŦƛƎǳǊŀǘƛƻƴΣ ƘƛƎƘŜǎǘ ŀŎŎǳǊŀŎȅ ƛǎ ŀǘǘŀƛƴŜŘ ǿƘŜƴ л Җ [κI Җ мΦ ! ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ƛƴŦƛƭǘǊŀǘƛƻƴ ŎǳǊǾŜ 

obtained from the field is shown in Figure 8. 
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Groundwater observations 

 

 
Figure 7. Common single borehole infitration test configurations (Source: Reynolds, 2013) 

 

 
Figure 8. Infiltration curve from waypoint W018 

 

 

 For long term observations an automated rain gauge, a Parshall flume for discuarge 

measurements and seven field water tubes and three groundwater observation tubes were installed 

according to the specifications of the International Rice Research Institute (IRRI). These tubes are 

effectively piezometers. which indicate water levels. IRRI recommends them for investigating 
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availability of water to crops. The water levels also provide useful information for calibrating 

hydrological models. Figures 9 and 10 show the IRRI specifications and the installed observation tubes 

in the field. 

 

 

 
Figure 9. Field water observation tube: Right- IRRI specifications; Left- Installed tube in-situ 

 

 
Figure 10. Groundwater observation tubes: Right- IRRI specifications; Left- Installed tube in-situ (shown in photo is Mr. 

Sherwin Olnanigon, our local data recorder) 
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Figure 11 shows the records from one of the groundwater observation tubes. As stated earlier, only 

preliminary insights can be formulated due to the short observation period. It can be seen that 

groundwater levels generally decrease in the dry season (up to May), somewhat stabilize in the wet 

season (June to September) then increase again in the last months of the year. This type of behaviour 

is common in climatic zones with pronounced single wet and dry seasons. During the dry season, much 

of the groundwater is depleted either by uptake from the root zone (to satisfy crop water 

requirements in the lack of rainfall or surface irrigation), or aquifer discharge in the form of baseflow. 

Recharge to the aquifer is limited in the dry season, so groundwater levels continue to decrease. In 

the wet season, rainfall satisfies much of the surface water requirements, such that the groundwater 

system more or less stabilizes. Aquifer recharge also increases with rainfall, although the groundwater 

system responds with a considerable time lag. This explains why groundwater levels only increase 

later on in the wet season. 

Paddy field water level observations 

Figure 12 shows collected data from the seven field water observation tubes, along with the 2015 

rainfall recorded by the ARG. Although the observation period is short, and concrete conclusions 

cannot be formulated yet, some preliminary insights can be drawn. On average, water level in the rice 

terrace paddies fluctuates between 100 to 150 mm. This is higher than the ponded depth of 50 mm 

reported by Dulawan & Liongson (2011), although 50 mm appears to be the minimum value attained 

in some periods. The maximum value is approximately 280 mm, which curiously occurs in the dry 

season (March/April). According to the local farmers, these sudden peaks represent days when 

irrigation water was diverted from streams directly into the paddies where the observation tubes were 

located. It must be noted that these periods also correspond to the maturity stage of the rice crops in 

 

Figure 11. 2015 Rainfall (left axis) & Groundwater observations (right axis) 
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the traditional agricultural calendar, when the crops require the most water. Meanwhile, the lower 

values of ponded water in the terraces also curiously correspond to wet season months 

(August/September). The locals report that this can be explained by the widening of the drainage 

canals and inter-terrace spillways which is usually undertaken after harvest (June/July) and right 

before the wet season, to enable faster drainage of water in case of extreme rainfall. Minimal water 

is required in the terraces during this fallow period. This represents a local form of adaptation measure 

to deal with climatic extremes. It also highlights the need for a continuous supply of labor to perform 

such intensive maintenance works in the terraces and complete the required modifications in time, 

that is, before the onset of heavy precipitation events such as typhoons and the monsoon season. It 

can be surmised that such type of local knowledge has enabled the sustainability of the rice terraces 

to persist up to now. 

 

Hydrological Analysis 

Soil samples were taken for laboratory characterization using mechanical sieves with hydrometer 

analysis. Figure 13 shows the sampling locations across the catchment, along with the resulting grain 

size distribution curve. The soil map from the Bureau of Soils and Water Management (BSWM) 

classifies the entire study area into Langa silty clay loam. The laboratory results were consistent with 

this classification. 

 

Figure 12. Rainfall (left axis) and paddy ponded water height (right axis) 
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Figure 13. Soil type based on laboratory analysis and BSWM soil map 

 

 

The target river in the study site is approximately 2 m wide, and has variable seasonal flows. 

It also carries a considerable amount of sediment load. Thus, a flume was deemed to be a suitable 

instrument for stream flow measurement. The flume was constructed under an existing bridge, which 

traverses the target stream as shown in Figure 14. It was completed and daily observations 

 

Figure 14. Parshall Flume installed in the selected terrace catchment for the 

measurement of stream flow.  


