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CCA 
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ET 
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MAF 

MONRE 

MRC 
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NAFRI 
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NRM 
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SRTM 

TIN 

UNDP 

UNOPS 

Agricultural Water Index 

Geographic Information System system software licensed by ESRI 

Climate Change Adaptation 

Consultative Group on International Agricultural Research 

Center for International Earth Science Information Network 

Digital Elevation Model 

DIVA-GIS website that provides country specific data (http://www.diva-gis.org/gdata) 

Department of Agriculture (of MAF) 

Department of Irrigation 

Department of Planning (of MAF) 

Company that licenses ArcInfo, ArcMap etc. GIS software based in Redland, California 

Evapotranspiration (the water used by plants in the landscape) 

Food and Agriculture Organization of the United Nations 

Global Environment Facility 

Geographic Information System 

Government of Laos 

Geographic Positioning System (device used to digitally record location and elevation) 

Global Administrative Area database 

Intergovernmental Panel on Climate Change 
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Mekong River Commission 

National Agriculture and Forestry Extension Services (now replaced by DAEC) 

National Agriculture and Forestry Research Institute 

Non-Governmental Organization 

Natural Resources Management 

Provincial Agriculture and Forestry Office 

Shuttle Radar Topography Mission (satellite that obtains high resolution global elevation) 

Triangulated information network (digital map of a surface) 

United Nations Development Program 

United Nations Office for Project Services 
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Water Budget Estimation for Agricultural Communities in Laos 

 

Executive Summary – English  
 
Enhancement of water management opportunities will increase the resilience and adaptive 
capacity of agricultural communities to climate change, and help achieve Lao National Socio-
Economic Development Plan’s goals.  The mission on “Effective Water Management and Water 
Harvesting for Agriculture Adaptation to Climate Change” was mobilized by the IRAS project in 
order to assess opportunities for strengthened water management and water harvesting for 
target districts and provinces in Lao PDR and recommend measures to prepare for the 
uncertainties in water availability caused by Climate Change.  
 
This is the first of three reports which together provide climate change adaptation analyses and 
recommendations for government policy and community level technical implementation 
guidelines in the target districts of Xayaboury and Savannakhet Provinces.  This first report 
(“Water Budget Estimation for Agricultural Communities in Laos”) presents a technical 
geospatial methodology for estimating water availability in the target areas using globally 
available climate data that was developed in the months prior to the start of the field Mission.  
This approach was presented to the project team and compared with existing local weather 
station data.  The data set is comprised of precipitation and temperature grids for any one 
square kilometer location in Laos.  A data set of potential evapotranspiration was developed for 
the target areas using this dataset of globally available precipitation, maximum and minimum 
temperature, and solar radiation on the same scale resolution.  The information obtained from 
water budget estimations presented in this report is integral to the planning and design of 
water harvesting and other water management objectives and recommendations elaborated in 
subsequent Reports of this Mission (in particular, Report 2: “Water Harvesting and Water 
Management Options for Agricultural Communities in Laos”).  

 
A hydrologic network analysis and watershed delineation procedure was developed for several 
subbasins in Xayabouri Province.  This scale hydrologic analysis can be applied to future site 
specific watershed scale analyses using a higher resolution digital elevation model (DEM) or 
terrain model.  Globally available elevation datasets are available at a 30 second or 90m 
resolution, and the NAFRI GIS unit has a 30m resolution DEM that could be used with ArcInfo 
10.x software.  This approach can be used whenever local climatic data is not accessible, by 
anyone who has these fundamental geospatial analysis tools and skills.   
 
While sustainable water management is not directly a climate change adaptation, climate 
change causes greater uncertainties regarding the frequency and duration of flood/drought 
events which forces communities to adapt to the situations imposed on them, and possibly do 
something different than they have been doing already - e.g., perhaps growing more drought or 
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flood tolerant crops, or promoting non-farm livelihoods.  Integrated watershed planning 
includes quantifying the amount of water needed for different activities, and it looks at all the 
various river basin development issues holistically.   
 
Local and government stakeholders have indicated their interest in developing greater capacity 
to plan and manage climate induced sustainable water management options through the use of 
geospatial analysis with GIS.  Therefore, one of the recommendations from this Mission is to 
promote multi-sector cooperative water management training and planning using GIS.  Until 
the local agencies build greater capacity, the geodatabase and associated files that were 
transferred over to the IRAS project staff (and NAFRI GIS unit) can be queried at any location of 
interest, to output rainfall estimates for the design of rainwater harvesting options presented in 
Report 2.  The information obtained from water budget estimations presented in this report is 
integral to the community level planning and design of water harvesting and other water 
management objectives and recommendations elaborated in the Reports and Presentations of 
this Mission. 
 
With increased understanding of sustainable water management there will be increased local 
and policy level adaptations to climate change.  Without it, misconceived interventions occur 
that exploit river resources without any understanding of upstream or downstream effects, 
ecological values, or knowledge of the amount and location of water available throughout the 
year.  Regardless, there exists the ingenuity of local communities to adapt to uncertainties 
imposed by climate change on the availability of water, and a desire to find any means of being 
able to cope with water scarcity or flood risk.  Through the practice of Integrated Water 
Resources Management (IWRM) and Resilient Adaptation (diversifying crops, supplies, and 
economic enterprises), significant adaptations for climate change induced sustainable water 
management can be achieved.  Multi-sectoral training to enhance watershed planning and 
design of water management interventions will further enhance climate change adaptation and 
resilience. 
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Executive Summary – Lao 
 

ການຄາດຄະເນປະລມິານນ າ້ ໃນວຽກງານກະສກິ າຂອງຊຸມຊນົ ໃນ ລາວ 
 

ບດົສະຫລຸບຫຍ  ້
 
ການປັບປຸງການຄຸມ້ຄອງກາລະໂອກາດໃນການນ າໃຊນ້ າ້ຈະເປັນການຊວ່ຍເພ ມ້ທະວ ໃນການສາ້ງຄວາມອາດສາມາດໃນ
ການປັບຕວົ ແລະທນົທານ ໃນວຽກງານກະສກິ າຂອງຊຸມຊນົຕ ່ ສະພາບການປ່ຽນແປງດນິຟາ້ອາກາດ ແລະທງັຊວ່ຍເຮດັ
ໃຫບ້ນັລຸ ເປົາ້ໝາຍແຜນພດັທະນາເສດຖະກດິສງັຄມົແຫ່ງຊາດ.ການສ າຫລວດກ່ຽວກບັ “ ການຄຸມ້ຄອງນ າ້ ແລະ ເກບັ
ກກັນ າ້ໃນການປັບຕວົທາງດາ້ນກະສກິ າຕ ່ ການປ່ຽນແປງດນິຟາ້ອາກາດຢ່າງມ ປະສດິທ ຜນົ" ທ ່ ຈດັຕັງ້ປະຕບິດັໂດຍ 
ໂຄງການປັບຕວົດາ້ນກະສກິ າຕ ່ ສະພາບການປຽ່ນແປງດນິຟາ້ອາກາດ (IRAS) ເພ ່ ອປະເມ ນກາລະໂອກາດໃນການ
ປັບປຸງການຄຸມ້ຄອງນ າ້ ແລະ ເກບັກກັນ າ້ ໃນເມ ອງ ແລະ ແຂວງເປົາ້ໝາຍ ໃນສປປລາວ ແລະທງັສາ້ງຂ ແ້ນະນ າໃນການ
ກ ານດົມາດຕະການ ເພ ່ ອກຽມພອມ້ຕ ່ ຄວາມບ ່ ແນ່ນອນ ໃນການເກບັຮກັສານ າ້ໄວໃ້ຊທ້ ່ ເກ ດຈາກການປ່ຽນແປງດນິຟາ້
ອາກາດ. 
 
ນ ແ້ມ່ນບດົລາຍງານສາມສະບບັທ າອດິພອມ້ດວຍ້ການວເິຄາະການປັບຕວົຕ ່ ການປ່ຽນແປງດນິຟາ້ອາກາດ ແລະຂ ້
ແນະນ າສ າລບັນະໂຍບາຍຂອງລດັຖະບານ ແລະຄ ່ ມ  ຈດັຕັງ້ປະຕບິດັທາງດາ້ນວຊິາການ ໃນລະດບັຊຸມຊນົ ໃນເມ ອງເປົາ້
ໝາຍຂອງ ແຂວງ ໄຊຍະບ ລ  ແລະສະຫວັນນະເຂດ. ບດົລາຍງານສະບບັທ ໜ ່ ງນ  ້  ( “ ການຄາດຄະເນປະລມິານນ າ້
ສ າລບັນ າໃຊ ້ ໃນກະສກິ າຊຸມຊນົໃນລາວ ") ແມ່ນສະເໜ ວທິ ການຄດິໄລ່ທາງດາ້ນວຊິາການ ແບບພ ມມ ສາດ ໃນການ
ຄາດຄະເນປະລມິານນ າ້ທ ່ ມ   ໃນເຂດເປົາ້ໝາຍ ໂດຍການນ າໃຊຂ້ ມ້ ນອາກາດໂລກທ ່ ໄດວ້ເິຄາະເປັນເດ ອນກອ່ນທ ່ ຈະ
ເລ ມ້ການສ າຫລວດ ໃນພາກສະໜາມ. 
 
ວທິ ການນ  ້ແມ່ນໄດນ້ າສະເໜ ໃຫທ້ ມງານ ໂຄງການຮບັຮ ກ້ອ່ນ ແລະສມົທຽບຂ ມ້ ນອາກາດ ໃນສະຖານນ ທອງ້ຖ ່ ນທ ່ ມ  . 
ບນັດາຂ ມ້ ນດັ່ ງກ່າວປະກອບດວຍ້ປະລມິານນ າ້ຝົນ ແລະອຸ່ນນະພ ມ ໃນອດັຕາສວ່ນຂະໜາດ ໜ ່ ງກໂິລແມດັມນົທນົ 
ໃນລາວ. ສວ່ນຂ ມ້ ນກ່ຽວກບັການລະເຫ ຍອາຍຂອງນ າ້ ແມ່ນໄດວ້ເິຄາະມາສະເພາະໃຫເ້ຂດເປົາ້ໝາຍໂຄງການ ໂດຍ
ການນ າໃຊຂ້ ມ້ ນລະດບັໂລກທ ່ ມ ປະລມິານນ າ້ຝົນ, ອຸ່ນນະພ ມສ ງສຸດ, ຕ ່ າສຸດ ແລະລງັສ ຕາເວນັ ໃນອດັຕາສວ່ນຄວາມ
ລະອຽດອນັດຽວກນັ. ຂ ມ້ ນທ ່ ໄດຈ້າກການຄາດຄະເນປະລມິານນ າ້ທ ່ ໄດສ້ະເໜ ໃນບດົລາຍງານນ  ້ ແມ່ນເປັນສວ່ນໜ ່ ງ 
ເພ ່ ອຊວ່ຍວາງແຜນ ແລະອອກແບບສ າລບັການເກບັກກັນ າ້ ແລະທງັຄຸມ້ຄອງຈດັສນັນ າ້ຕາມຈດຸປະສງົຕ່າງໆ ແລະທງັ
ເປັນຂ ແ້ນະນ າທ ່ ໄດອ້ະທບິາຍໃນບດົລາຍງານຕອນຕ ່ ໄປ ໃນບດົສ າຫລວດນ  ້ ( ໂດຍສະເພາະ, ບດົລາຍງານທ  2: ການ
ເກບັກກັນ າ້ ແລະວທິ ການຕ່າງໆ ໃນການຄຸມ້ຄອງຈດັສນັນ າ້ສ າລບັການເຮດັກະສກິ າຂອງຊຸມຊນົ ໃນລາວ ).  
 
ວທິ ການວເິຄາະ ແບບຕາໜ່າງສາຍນ າ້ ແລະ ແຫລ່ງນ າ້ ແມ່ນໄດວ້ເິຄາະສະເພາະ ສ າລບັອ່າງໂຕ່ງສາຂາຍອ່ຍລ ານ າ້ຕ່າງໆ 
ໃນແຂວງໄຊຍະບ ລ . ການວເິຄາະຕາມອດັຕາສວ່ນສາຍນ າ້ນ ສ້າມາດເອາົໄປນ າໃຊໃ້ນເຂດໃໝ່ ເພ ່ ອວເິຄາະ  
ແຫລ່ງນ າ້ສະເພາະໃດໜ ່ ງ ໂດຍການນ າໃຊແ້ບບຈ າລອງຂອງຄວາມສ ງຈາກໜາ້ທະເລທ ່ ມ  ຄວາມລະອຽດສ ງກວ່ານ ຫ້ລ  
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ແບບຈ າລອງ ເປັນພກັ ຫລ  ຂັນ້ໃດ. ບນັດາຂ ມ້ ນຄວາມສ ງຈາກໜາ້ນ າ້ທະເລ ແມ່ນໄດມ້າຈາກຂ ມ້ ນ ໂລກທ ່ ມ ຄວາມ
ລະອຽດ ໃນລະດບັ 30 ວນິາທ ຫລ  90 ແມດັ ແລະຂ ມ້ ນຈາກໜວ່ຍງານລະບບົຂ ມ້ ນຂ່າວສານພ ມສາດ (GIS) ຂອງ
ສະຖາບນັຄົນ້ຄວາ້ກະສກິ າ ແລະປ່າໄມ ້ແຫ່ງຊາດທ ່ ມ  ຄວາມລະອຽດ ໃນລະດບັ 30 ແມດັຊ ່ ງສາມາດນ າໃຊ ້ ເຂົາ້ໃນ 
ໂປຣ ແກຣມ Arcinfo 10.x. ຂ ມ້ ນນ ສ້າມາດນ າໃຊໃ້ນເວລາໃດທ ່ ບ ່ ສາມາດ ເຂົາ້ຫາຂ ມ້ ນອາກາດໃນລະດບັທອງ້ຖ ່ ນ 
ໂດຍນກັວຊິາການໃດໜ ່ ງທ ່ ມ  ເຄ ່ ອງມ , ຄວາມຮ ພ້  ນ້ຖານ ແລະປະສບົການ ໃນການວເິຄາະດາ້ນພ ມມ ສາດ. 
 

ການຄຸມ້ຄອງຈດັສນັນ າ້ແບບຍ ນຍງົ ແມ່ນບ ່ ກ່ຽວພນັໂດຍຕງົຕ ່ ການປ່ຽນແປງດນິຟາ້ອາກາດ, ການປ່ຽນແປງດນິຟາ້
ອາກາດຫລາຍກວ່າ ເປັນສາຍເຫດພາໃຫເ້ກ ດຄວາມບ ່ ແນ່ນອນກ່ຽວກບັຄວາມຖ ່  ແລະ ໄລຍະເວລາຂອງການເກ ດໄພ
ນ າ້ຖວມ້/ແຫງ້ແລງ້ທ ່ ຕອງ້ບງັຄບັໃຫຊຸ້ມຊນົຕອງ້ປັບຕວົ ເຂົາ້ກບັສະພາບເງ  ່ອນໄຂທ ່ ເກ ດຂ ນ້ຕ ່ ພວກເຂາົເຈ ົາ້ ແລະອາດ
ເຮດັບາງສິ່ ງບາງຢ່າງທ ່ ແຕກຕ່າງກບັສິ່ ງທ ່ ເຄ ຍເຮດັຜ່ານມາເຊັ່ ນການປ ກພ ດທ ່ ທນົກບັຄວາມແຫງ້ແລງ້ຫລ ທນົກບັນ າ້
ຖວມ້ ຫລ  ສົ່ ງເສ ມເຮດັກດິຈະກ າເສ ມທ ່ ບ ່ ແມ່ນກະສກິ າ ໃນການດ າລງົຊ ວດິ. ການຈດັສນັນ າ້ແບບປະສມົປະສານ 
ແມ່ນລວມທງັການຄ ານວນຄດິໄລ່ປະລມິານນ າ້ທ ່ ຈ າເປັນ ໃນກດິຈະກ າຕ່າງໆ ແລະມນັຈະຕອງ້ໄດເ້ບ ່ ງທຸກບນັຫາຂອງ
ການພດັທະນາ ໃນອ່າງໂຕ່ງທງັໝດົ.  
 

ພາກສວ່ນຕ່າງໆທ ່ ກ່ຽວຂອງ້ໃນລະດບັທອງ້ຖ ່ ນ ໄດສ້ະແດງ ຄວາມສນົໃຈ ຂອງເຂາົເຈ ົາ້ ໃນການພດັທະນາຄວາມອາດ
ສາມາດ ເພ ່ ອວາງແຜນຈດັການ ຄຸມ້ຄອງນ າ້ ແບບຍ ນຍງົ ດວຍ້ວທິ ການຕ່າງໆ ທ ່ ໃຊກ້ານວເິຄາະຂ ມ້ ນ ແບບລະບບົຂ ້
ມ ນຂ່າວສານພ ມມ ປະເທດ(GIS).  ເພາະສະນັນ້,ໜ ່ ງໃນບນັດາຂ ແ້ນະນ າຈາກການສ າຫລວດໃນຄັງ້ນ  ້ ແມ່ນຊຸກຍ ສ້ ົ່ ງ 
ເສ ມໃຫຈ້ດັ ຝ ກອບົຮມົແລະວາງແຜນການຄຸມ້ຄອງຈດັສນັນ າ້ໃຫພ້າກ ສວ່ນຕ່າງໆໂດຍ ການນ າ ໃຊລ້ະບບົ ຂ ມ້ ນຂ່າວ 
ສານ ພ ມມ ປະເທດ (GIS). ຈນົກະທັງ້ອງົການຈດັຕັງ້ທອງ້ຖ ່ ນມ ຄວາມສາມາດພຽງພ , ຖານຂ ມ້ ນພ ມ ມ ສາດ 
(geodatabase) ແລະຂ ມ້ ນສະໜບັສະໜ ນອ ່ ນໆຈ ່ ງມອບໂອນໃຫທ້ ມງານໂຄງການIRAS ( ແລະ ໜວ່ຍງານ 
ລະບບົຂ ມ້ ນຂ່າວສານພ ມມ ປະເທດ(GIS)ຂອງສະຖາບນັຄົນ້ຄວາ້ກະສກິ າ ແລະປ່າໄມແ້ຫ່ງຊາດ ເພ ່ ອນ າໃຊເ້ຂົາ້ໃນ
ການວເິຄາະຂ ມ້ ນ ໃນເຂດພ ນ້ທ ່ ອ ່ ນໆທ ່ ສນົໃຈວເິຄາະ ເພ ່ ອທ ່ ຈະຄ ານວນເບ ່ ງປະລມິານນ າ້ຝົນ ໃນເວລາອອກແບບ ເພ ່ ອ
ກ ານດົວທິ ການຕ່າງໆໃນການເກບັກກັນ າ້ດັ່ ງທ ່ ໄດສ້ະເໜ ໃນບດົລາຍງານທ  2. ຂ ມ້ ນທ ່ ໄດຮ້ບັຈາກການຄາດຄະເນປະລ ິ
ມານນ າ້ທ ່ ໄດສ້ະເໜ ໃນບດົລາຍງານນ  ້ ແມ່ນຈະເປັນສວ່ນໜ ່ ງໃຫແ້ກ່ຊຸມຊນົໃນການວາງແຜນ ແລະ ອອກແບບ ໃນ
ການເກບັກກັນ າ້ແລະການຄຸມ້ຄອງຈດັສນັນ າ້ຕາມຈດຸປະສງົຕອງ້ການ ແລະທງັເປັນຂ ແ້ນະນ າທ ່ ໄດອ້ະທບິາຍໃນບດົລາຍ
ງານ ແລະການນ າສະເໜ ຂອງການສ າຫລວດໃນຄັງ້ນ .້ 
 
ໃນການເພ ມ້ທະວ ຄວາມເຂົາ້ໃຈໃນການຄຸມ້ຄອງນ າ້ ແບບຍ ນຍງົມນັກ ່ ຍ ິ່ ງເຮດັໃຫ ້ເພ ມ້ທະວ ລະດບັນະໂຍບາຍການປັບ
ຕວົຕ ່ ການປ່ຽນແປງດນິຟາ້ອາກາດ ໃນທອງ້ຖ ່ ນໄດດ້ ຂ ນ້. ປາສະຈາກຄວາມເຂົາ້ໃຈດັ່ ງກ່າວ, ມນັກ ່ ເຮດັໃຫເ້ກ ດມ ຄວາມ
ເຂົາ້ໃຈຜດິ ໃນການແກໄ້ຂ, ຊ ່ ງອາດຈະເຮດັໃຫທ້ າລາຍຊບັພະຍາກອນແມ່ນ າ້ ແລະບ ່ ສາມາດເຂົາ້ໃຈຕ ່ ຜນົກະທບົ ຂອງ
ລ ານ າ້ໃນຕອນລຸ່ມ ແລະຕອນເທ ງ, ຄຸນຄ່າທາງນເິວດວທິະຍາຫລ ຄວາມຮ ຂ້ອງປະລມິານນ າ້ ແລະຈດຸສະຖານທ ່ ທ ່ ມ  ນ າ້
ໃນຕະຫລອດປ . ຖາ້ບ ່ ຄ ານ ງ ເຖງິສ ່ ງດັ່ ງກ່າວ,ການປັບຕວົຂອງຊຸມຊນົຕ ່ ຄວາມບ ່ ແນ່ນອນທ ່ ເກ ດຈາກການປ່ຽນແປງດນິ
ຟາ້ອາກາດໃນການຮກັສານ າ້ໃຫມ້ ໄວ ້ ແລະ ຊອກຫາມາດຕະການຕ່າງໆໃນການແກໄ້ຂບນັຫາຂາດແຄນນ າ້ຫລ  ຄວາມ
ສ່ຽງຈາກໄພນ າ້ຖວ້ມ. ໂດຍຜ່ານການປະຕບິດັຕວົຈງິໃນການຄຸມ້ຄອງຈດັສນັຊບັພະຍາກອນນ າ້ແບບປະສມົປະສານ 
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ແລະການປັບຕວົໃຫມ້ ຄວາມທນົທານ ( ການປ ກພ ດຫລາຍຫລາຍຊະນດິນ າກນັ, ການນ າໃຊອຸ້ປະກອນ ເຄ ່ ອງມ ຕ່າງໆ 
ແລະການຄາ້ຂາຍ),ການໃຫຄ້ວາມສ າຄນັໃນການປັບຕວົຕ ່ ການປ່ຽນແປງດນິຟາ້ອາກາດທງັໝດົເຫລົ່ ານ ຈ້ະຊວ່ຍເຮດັໃຫ ້
ບນັລຸເປົາ້ໝາຍໃນການຄຸມ້ຄອງນ າ້ ແບບຍ ນຍງົ. ພອມ້ດຽວກນັນັນ້, ການຈດັຝ ກອບົຮມົໃນຂງົເຂດຕ່າງໆກ ່ ຈະຊວ່ຍ
ເຮດັໃຫປັ້ບປຸງການວາງແຜນ ແລະອອກແບບໃນການກ ານດົມາດຕະການແກໄ້ຂຈດັສນັແຫລ່ງນ າ້ໄດດ້ ຂ ນ້ ແລະທງັເປັນ
ການສາ້ງຄວາມເຂັມ້ແຂງໃນການປັບຕວົ ແລະທນົທານຕ ່ ກາັນປ່ຽນແປງດນິຟາ້ອາກາດ. 
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Main Objectives of the Project: (as per the approved UNDP Country Programme Document and 
Country Programme Action Plan and/or Project Document) 

 
This project will contribute to achieving the following Country Programme Outcome as 
defined in CPAP or CPD: UNDP Laos CPAP 2007-2011 

1. Outcome 3.5: Rainfall Capture, storage and adaptive irrigation and/or drainage 
management, and small-scale flood or drought protection measures introduced in 
target areas.   

 
Water management concerns touch on nearly every other project object and outcome. 

 
Country Programme Outcome Indicators (UNDP Laos CPAP 2007-2011):  
Capacities on sustainable land management, drought and flood preparedness enhanced 
through participatory adaptation and monitoring activities in selected provinces. 
 

Project Objective and Outcomes are aligned with UNDP’s thematic focus on adaptation to 
climate change and are matching or do correlate to Goal, expected Impact and Indicators of the 
GEF LDCF/SCCF Result-Based Management Framework Adaptation to Climate Change. 
 

Project Objective  
Food insecurity resulting from climate change in Lao PDR minimized and vulnerability of 
farmers to extreme flooding and drought events reduced. 
 
Food insecurity resulting from climate change in Lao PDR will be minimized and vulnerability of 
farmers to extreme flooding and drought events will be reduced as part of an overall approach 
designed to introduce new water management strategies while encouraging a diversification of 
livelihood strategies at a community level. This will be achieved by overcoming key policy, 
communication & information, institutional and economic barriers, relating to agriculture and 
food security as identified in the NAPA as requiring immediate action.  Thus, under Outcome 1 
the information base for understanding climate risks and vulnerability will be strengthened and 
organised in way that it can effectively inform agricultural sector policies and planning. 
Outcome 2 addresses the need to develop the capacity of planners at different levels of 
government to use this information in the planning and allocation of resources. Outcome 3 
focuses on Lao PDR’s agricultural extension services and demonstrating new techniques to 
build resilience at the community level including targeted training modules to ensure that these 
techniques take hold are become widely applied. Under Outcome 4 lessons learned and 
adaptation knowledge generated through the project will be systematically compiled, analyzed 
and disseminated nationally and internationally, thereby supporting further up-scaling and 
replication. 
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I. Introduction: 
  

Laos is a landlocked country in South East Asia whose population depends primarily on 
agriculture and natural resources to subsist.  Two-thirds of households have no access to 
electricity, half have no safe water supply with 85% of the population relying on subsistence on 
the approximately 4% arable land in Laos, much on mountainous terrain.  Already vulnerable 
agricultural populations are adversely effected by the impacts of climate change on water 
supply and are subject to even greater food insecurity. 
 
In this context, the United Nations Development Program (UNDP) and National Agriculture and 
Forestry Research Institute (NAFRI) seek to improve the resilience of agricultural populations to 
climate change through enhanced water management options, in particular water harvesting 
for domestic and agricultural uses.  This analysis focuses on estimating water supply and water 
availability for several target areas in Laos, in particular, Paklai and Phiang Districts in Xayabouri 
Province along the north central Mekong River.  The second target areas for this project are in 
two districts in Savannakhet Province.  The approach used to estimate water availability is 
generated from average monthly precipitation, temperature and solar radiation obtained from 
gridded data sources available for all of Laos.  The approach can be refined with site specific 
rain and temperature data, or adjusted with climate change predictions affecting the region, 
and is readily applied to other target area watersheds for future water management planning.  
The information obtained from water budget estimations presented in this report is integral to 
the planning and design of water harvesting and other water management objectives and 
recommendations elaborated in Reports 1 through 3 of this Mission.   
 
The IRAS project needs to consider ecological processes and watershed scale interactions for 
climate change adaptation activities for water management.  Crop water requirements for rice 
are 3-5 times higher than for other crops and alternate livelihoods should also be considered in 
areas that experience severe flood or drought conditions, not conducive to rice production.  
Diversification is the key to resilience – and this concept applies to equally to crop/cultivar 
selection, ecosystem health and water supply options.  Integrated Water Resource 
Management (IWRM) is essential in achieving ecological as well as agricultural sustainability; 
and this needs to be emphasized over the mere exploitation of all river systems for expansion 
of rice production.  Limited IRAS project funds are best invested in non-stream affiliated water 
supply and management projects.   
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II. Selected Target Areas and Issues Related to Water Access and 
Availability  

 
Xayabouri province – Phiang and Paklai Districts 
 
Xayabouri province is located in Northwest of Lao PDR, with total natural area of 16,389 square 
kilometers and included 11 districts (Khop, Xienghon, Ngeun, Hongsa, Xayabouri, Phiang, 
Thongmixay, Paklay, Keanthao, Botene and Xaysathane).  See Figures 1 and 2 or location of 
target areas. The province is situated within 17°C 23' to 19°C 56' North latitude and 100° 23' to 
101° 55' East longitude ranges. However, there are two districts as the target areas in IRAS 
project such Phiang and Parklay district. 
 
 The province is bordered on Bokeo and Oudomxay provinces in the North; Thailand in the 
South and in the West; and Luang Prabang and Vientiane provinces in the East.  The terrain 
within Xayabouri Province is a mountainous ravine bordered by the Mekong River which passes 
over 7 of 11 districts of Xayabouri province, is importance waterway for transporting goods 
outside the province.  In the West and the South, Xayabouri border is close to 6 provinces of 
Thailand with total length is 647 km. International border gates in Keanthao and Ngeun districts 
are importance in term of exchanging goods.  Agricultural production in the target districts of 
Xayabouri experience drought and flooding conditions.  The primary regional crop is rain fed 
lowland and upland rice. 
 
Savannakhet province – Champone and Outhomphone Districts 
 
Savannakhet province is located in the central part of Laos, with total natural area of 21,774 
square kilometers and included 15 districts (Outhomphone, Champhone, Xaybouly, 
Khanthaboury, Xayphouthong, Songkhone, Thapangthong, Xonboury, Phalanxay, 
Atsaphangthong, Atsaphone, Vilaboury, Pin, Nong and Xepon). The province is situated within 
16.57° North latitude and 104.75° East longitude, approximately 500 kilometers from Vientiane.  
The Savannakhet is established in 1895, sharing borders with Khammouane, Salavanh, Kouang 
Chine (Vietnam) and Thailand in the North, South, East and West respectively. 
 
Approximately 85% of agriculture in the province is rain fed and up to 15% is irrigated.  The rain 
fed farms are generally 1 to 2 ha and a recent survey of farm sizes ranged from 0.5 and 7 ha 
with total area of 331.7 ha.  Farmers in Outhomphone District grow rice but also raise fish. The 
total fishpond area total 98,219 square meters fishpond areas up to 2000 square meters in size.  
Fish production yields are relatively low, at around 1.67 kilogram per square meter. 
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III. Methods and Analysis: 
 
Initial terrain analysis was generated using CGIAR SRTM 3 arc second data for a 90m resolution 
Digital Elevation Model (DEM) for Southeast Asia.  To estimate water availability, monthly 
global climate grids of temperature and precipitation were downloaded from WorldClim with a 
spatial resolution of one square kilometer.  Additional datasets were used including population 
density from the Center for International Earth Science Information Network (CIESEN), 
administrative area boundaries from the Global Administrative Area database (GADM) and 
road, river, coastline and base maps were downloaded from Diva-GIS.  Land Cover was 
downloaded from Natural Earth (GLC 2000 links were broken) but were found insufficient to 
estimate crop cover.  Raster data had several different native coordinate systems and were re-
projected in GCS_WGS_1984 UTM 48N.  The primary datasets used are shown in Table 1. 
 
Table 1  Primary Data Sources Used to Estimate Water Availablity 

Data Description Source Type Resolution 

Elevation 
CGIAR-SRTM 3second data aggregated to 
30 seconds 

CGIAR SRTM Grid – 3 sec  90 meters 

Climate 
Monthly Precipitation, Temperature - 
min/max/ave (30 sec) 

WorldClim 

Grid – 30 
sec 

1 km 

Boundaries Global Administrative Areas DIVA-GIS / GADM Vector Area  

Population Population Density  CIESEN 
Grid – 30 
sec 

1 km 

Coordinate System:  GCS_WGS_1984 UTM 48N with Datum: D_WGS_1984 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://srtm.csi.cgiar.org/
http://www.worldclim.org/


 
 
 

5 

IRAS Laos Project   Effective Water Management and Water Harvesting in support 
of Agriculture Adaptation to Climate Change 

 Jeanny Wang Miles – Water Budget Estimation Report 

A. Terrain and Hydrological Network Analysis 

 
The CGIAR-SRTM 90m Digital Elevation Model (DEM) was used as the basis for the watershed 
and stream network delineation analysis.  Using Spatial Analyst Hydrology Tools (fill, flow 
direction, flow accumulation, streamlink, strahler order) flowlines were generated for all of 
South East Asia (Figures 1 and 2).   
 

 
Figure 1: GIS Generated Catchments & Drainage  

Figure 2: Catchments & Target Areas 
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  Figure 3: Delineated Watershed in Paklai  

Figure 4: Delineated Sub watershed in Paklai 

   
An outlet point below the target area of Paklai District of Xayabouri Province, which delineated 
a drainage network with a grid value of 6,927,300 pixels, or 56,111 km2 (Figure 3).  The area 
above a bend in the Mekong River was not characterized due to anomalies in the DEM.  Seeking 
to delineate a finer scale watershed, another outlet point was designated below Paklai but 
above the Mekong River, which delineated a watershed with a grid value of 203,840 pixels, or 
1,651 km2 (Figure 4).  Analyses of water availability using climatic and agricultural data can be 
carried out on a watershed, basin, or countrywide scale. The watershed or subwatershed is the 
preferred unit of analysis for any water balance estimation for specific purposes. 
 

B. Water Availability Estimation 

 
The components of a water balance in its simplest form is Q = Inputs – Losses – Withdrawals.  
We can use a simplified equation [ Q = Precipitation (P) – Evapotranspiration (ET) – losses – 
Q(out) ].  In this case the inputs are exclusively from rainfall or Precipitation (P), and losses 
would include groundwater seepage and withdrawals.  In the absence of site specific 
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information, the total water available (Q) is simplified to Precipitation (P) minus potential 
Evapotranspiration (ET) or [Q = Precipitation (P) – Evapotranspiration (ET)]. 
 
Using monthly averages of precipitation and temperature from online weather websites, P – ET 
was plotted for Vientiane and generally for Laos (Figure 5).   
 

 

 
   Figure 5 : Monthly Water Availability from P – ET 

 

Precipitation data as well as maximum, minimum and average temperatures were downloaded 
for Southeast Asia on a monthly basis.  Using model builder (Figure 6) and several batch 
“extract by mask” processes, monthly precipitation and temperature grids were extracted for 
the target areas (Figure 7) then for the entire country.  An estimate of evapotranspiration (ET) 
was obtained using Hargreaves equation (Hargreaves and Samani, 19851), which is dependent 
on temperature, a coefficient (KT), and monthly solar radiation.   
 

           (  )(  ) (√(          )) (         ) 
 

This estimate was calculated in a batch process using raster calculator on a monthly basis as 
well.  Assuming no other losses, available water (Q) is estimated on a monthly basis for each 
1km raster for each of the target areas and for all of Laos.  An illustration of ET calculated using 
Hargeaves equation and water availability (Q) are shown in Figure 8 and 9 for the month of 
August. 

                                                      
1 Hargreaves, G.H. and Z.A. Samani, 1985. Reference crop evapotranspiration from temperature. Transaction of 

ASAE 1(2):96-99. 
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Figure 6: ET Model Builder Schema               

Figure 7 : Precipitation for Parklai-Phiang districts  

 
The results of the ET calculations for a single month (August) in one km2 resolution grid for Laos 
are shown in Figure 8 as a function of maximum and minimum temperatures.  As well, Water 
availability for a single month (August) are shown in a one km2 resolution grid for Laos is shown 
in Figure 9 as P – ET. 
 

  
Figure 8: August Evaporation Estimates         

Figure 9: August Water Availability Estimates 
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C. Consideration of Other Methods for Calculating 

Evapotranspiration 

A number of independent investigations have compared the estimates of evapotranspiration 
from different models. The Hargreaves equation consistently produces accurate estimates of 
potential evapotranspiration (as measured using energy balance techniques, the Penman 
combination equation, or lysimetric observations), and in some cases, much better than 
estimates made using other methods (Hargreaves and Samani, 1982; Saeed, 1986).  Mohan, et 
al (1996) found the Hargreaves equation to have a high correlation with the Penman 
combination equation for estimates of average weekly evapotranspiration in humid regions.  
The reason for the success of this empirical model is due to the theory that it reflects. In 
comparison with the Penman combination equation, the model considers the following: 
incoming solar energy (Ra), average amount of energy removed in the form of sensible heat 
from the amount available for evaporation (dt), an approximation of the ratio of s (Ta) to the 
sum of s (Ta) and g by using the temperature (T), and a reduction in the driving gradient when 
the vapor pressure deficit (Ct) is small (Watflood, 2013). 

Another method that is used to calculate ET is the Priestley-Taylor model (Priestley and Taylor, 
1972), which is a modification of Penman’s more theoretical equation.  Used in areas of low 
moisture stress, the two equations have produced estimates within approximately 5% of each 
other (Shuttleworth and Calder, 1979). An empirical approximation of the Penman combination 
equation is made by the Priestley-Taylor to eliminate the need for input data other than 
radiation.  
 
The Priestley-Taylor method for the calculation of daily ET0 (mm d-1) replaces the aerodynamic 
term of the Penman-Monteith equation by a dimensionless empirical multiplier (a, Priestley-
Taylor coefficient):    

ET0  n –  
 
Where l (MJ / kg) is the latent heat of vaporization, Rn (MJ / m2 / d) is the net radiation, G (MJ / 
m2 / d) is the soil heat flux, s (kPa / C) is the slope of the saturation vapor pressure-temperature 
relationship,  (kPa / C) is the psychrometric constant, and a is the Priestley-Taylor coefficient.   
 
The use of this formula requires additional site specific data that may not be available for all 
regions of Laos.  However, the adequacy of the assumptions made in the Priestley-Taylor 
equation has been validated by a review of 30 water balance studies in which it was commonly 
found that, in vegetated areas with no water deficit or very small deficits, approximately 95% of 
the annual evaporative demand was supplied by radiation (Stagnitti et al., 1989).   
 
 
 

http://agsys.cra-cin.it/tools/evapotranspiration/help/Penman-Monteith.html
http://agsys.cra-cin.it/tools/evapotranspiration/help/Priestley-Taylor_coefficient.html
http://agsys.cra-cin.it/tools/evapotranspiration/help/Priestley-Taylor_coefficient.html
http://agsys.cra-cin.it/tools/evapotranspiration/help/Latent_heat_of_vaporization.html
http://agsys.cra-cin.it/tools/evapotranspiration/help/Net_radiation.html
http://agsys.cra-cin.it/tools/evapotranspiration/help/Soil_heat_flux.html
http://agsys.cra-cin.it/tools/evapotranspiration/help/Slope_of_saturation_vapour_pressure_curve.html
http://agsys.cra-cin.it/tools/evapotranspiration/help/Slope_of_saturation_vapour_pressure_curve.html
http://agsys.cra-cin.it/tools/evapotranspiration/help/Psychrometric_constant.html
http://agsys.cra-cin.it/tools/evapotranspiration/help/Priestley-Taylor_coefficient.html
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D. Additional Analysis and Applications 

 
One way to look at water availability is to create an index of available water per capita or 
available water per area of crop type or agricultural output.  As a first step, the results of the 
above water availability estimation approach can be indexed as a Water Supply Index or Water 
per Capita index.   
 
The proposed Water Supply Index (WSI) relates available water (Q) and population (Q / Pop) 
(Figure 10).  The Lao population is 85% agricultural so this was deemed to be a plausible interim 
solution.  An illustration of Water Availability (Q=E-T) / Population (Pop) is shown below, and 
was used to derive the proposed Water Supply Index, which is the final output of this analysis, 
shown for the month of August in Figure 11.  Darker areas indicate less water available per 
capita and range from 0.5-17.5 for the brown areas and 100-174.5 for the blue areas.   

                       
 
Figure 10:  Available Water (Q) / Population = Water Supply Index (WSI) 

 
 

/ 

 
 

= 
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Figure 11:  Water Supply Index in August derived from Water Availability and Population 

 
A more meaningful index of food security would be an Agricultural Water Index (AWI) that links 
water available per agricultural output of specific crops.  Landcover areas from remotely sensed 
imagery could be used to estimate crop-water needs in South East Asia (Laos) under current 
farming practices.  The proposed AWI could use P/ET which could be coded as blue if AWI > 1 
indicating sufficient water, and red for AWI < 1 for insufficient water.  This index will depend on 
site specific data on crop areas (potential or actual) and agricultural output by crop type, and 
crop water demand.  At this time such site specific data is not available, but can be readily 
imported into this spatial analysis and used for site specific planning purposes.   
 

IV. Water Availability for Target Provinces 
Specific target villages within Savannakhet and Xayaboury Provinces have now been mapped 
for further analysis.  Field visits to these communities were completed in December 2012 and 
have been described in (Report 2: “Water Harvesting and Water Management Options 
for Agricultural Communities in Laos”) investigations of water harvesting opportunities.  In 
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preparation, several site maps with preliminary target villages and precipitation grids were 
prepared for Xayaboury (Figure 12) and Savannakhet (Figure 13) and are included as reference 
in this report.   
 

       
  Figure 12:  Xayabouri Target Catchments      

Figure 13: Savannakhet Target Precipitation Areas 

 
Remotely sensed monthly precipitation data for each target area will also be obtained from 
remote sensing will be compared with rainfall data which has been monitored by the Lao 
Meteorological Organizations.  Average of the rainfall grids for the target areas have been 
compiled by month, and compared with averages of cumulative daily rainfall from weather 
stations in Xayabouri and in Savannakhet.  The location of the only available rain gauge in 
Xayabouri is located in the north in the county seat, while the target districts are located in 
more arid areas in the south.  The summary statistics for these two data sources have been 
compared.   
 

A. Comparison of GIS derived precipitation grids with 

weather station data 

 
The data values can be compared to the isohyetal map (Figure 14) provided in the 2008 
National Water Resources Profile as a basis to assess annual averages of rainfall in target areas. 
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Figure 14:  Isohyetal (Rainfall) Map of Laos 

 
Table 2 compares the monthly average rainfall in Savannakhet from 40 years of weather station 
data (1971-2000) with one square kilometer precipitation grids derived from twenty years of 
precipitation data recorded by WorldClim from 1950-2000.  The precipitation grids are 
summarized for the target districts (Outhomphone and Champhone) rather than for the entire 
province.  Table 3 compares the same such precipitation data for Xayabouri (target districts of 
Paklai and Phiang).   
 
Figures 14 and 15 compare monthly precipitation averages of the weather station data and 
data derived from remotely sensed (satellite) sources.  The overall trends and absolute values 
for station data and remotely sensed data are similar in shape and magnitude. 
 

Table 2  Savannakhet Monthly Precipitation 1971-2011 and 1950-2000 (in mm) 
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Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Sum 

Station Data 3 18 36 81 186 251 243 338 218 88 8 3 1473 

Station Max 34 48 80 72 106 188 118 139 185 101 38 26 1135 

Average of grids in target districts - Savannakhet 2211 km2 
 

6 grids     

Remote Data 7 15 47 80 199 246 328 340 294 66 6 10 1636 

Remote Max 12 21 64 87 217 296 408 419 314 70 9 18 1935 

 

Table 3:  Xayabouri Monthly Average Precipitation 1971-2011 and 1950-2000 (in mm) 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Sum 

Station Data 10 16 46 116 170 163 208 244 231 97 24 11 1333 

Station Max 104 108 219 316 342 509 350 427 530 282 51 46 3282 

Average of grids in target districts - Xayabouri 5135 km2 
 

16 grids     

Remote Data 13 4 107 138 228 195 259 257 287 116 53 20 1678 

Station Max 21 45 168 285 418 330 331 307 771 285 96 27 3084 

 

  
 Figure 15:  Savannakhet Precipitation  

                                             Figure 16:  Xayabouri Precipitation 

 
The actual and remotely derived average annual rainfall amounts are 1473 and 1636 mm in 
Savannakhet and 1333 and 1678 mm in Xayabouri, respectively.  This is a difference of 10% for 
Savannakhet and 20% for Xayabouri in annual precipitation averages.  This is a reasonable 
difference given the calculation of averages for different time periods (1971-2011 for the 
weather station data and 1950-2000 for satellite data).  The remotely sensed precipitation data 
was extracted for areas of the target districts that fell wholly within the one kilometer 
resolution precipitation grids.  For Xayabouri differences in weather station and remotely 
sensed data could be attributable to sampling variability in the more mountainous terrain. 
 
My preliminary conclusion is therefore that using remotely sensed precipitation data, and 
presumably temperature data is a reasonable means of generating climate data that may be 
used to calculate water availability from rainfall and for the design of water harvesting systems 

0

50

100

150

200

250

300

350

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

P
re

c
ip

it
a

ti
o

n
 (

m
m

)

Savannakhet Precipitation
Station Data

Remote Data

0

50

100

150

200

250

300

350

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

P
re

c
ip

it
a

ti
o

n
 (

m
m

)

Xayabouri Precipitation
Station Data

Remote Data



 
 
 

15 

IRAS Laos Project   Effective Water Management and Water Harvesting in support 
of Agriculture Adaptation to Climate Change 

 Jeanny Wang Miles – Water Budget Estimation Report 

discussed in Report 2 (Water Management and Water Harvesting Options for Agricultural 
Communities in Laos). 
 

B. Estimating water needs for agriculture 

We can take this analysis a step further by comparing total water availability from rainfall with 
current rice production planning projections for the target districts.  For instance, current rice 
production in Savannakhet for approximately 220,000 ha of rice (MAF, 2012).  Irrigation 
planning estimates cited by the Irrigation Section Director of Savannakhet (Khamloui, 2012) 
would require 10,000 m3 of water per hectare for wet season and 20,000 m3/ha water for dry 
season rice, would require over 2B m3 (or 2 km3) of water (Table 4).  Using the same metrics, 
Xayabouri province rice production for approximately 52,700 ha would require 445.5M m3 (or 
0.45 km3) of water.     

 

Table 4:  Estimates of Water Requirement for Rice Production 

  
  
  

wet season   dry season TOTAL 

lowland upland Lowland  

ha ha Ha ha 

Savannakhet 199,900 10,300 9,800 220,000 

m3/ha 10,000 5,000 20,000  

m3 H2O 1,999,000,000 51,500,000 196,000,000 2,250,000,000 

km3 H2O 2.00 0.05 0.20 2.2 

Xayabouri 30700 20100 1900 52,700 

m3 H2O 307,000,000 100,500,000 38,000,000 445,500,000 

km3 H2O 0.307 0.101 0.038 0.45 
 

If rainfall were used to meet any amount of the water requirement for growing rice, the rainfall 
rates would need to be correlated with rain fed irrigated areas during the months of the 
growing season.  One report from the International Rice Research Institute (Bouman, et. al., 
2007) reports average water use for lowland rice water in Kaifeng, China to be 1744 mm, of 
which only a small portion was rainfall.  Average annual rainfall in Savannakhet falls short of 
this amount, and therefore would naturally have to be supplied by another source of water, 
likely irrigation.   
 

On a finer scale, production yields by region or target district could be correlated with existing 
and planned irrigation development, with verification of water withdrawals and river runoff. 
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Table 5: Production Yield in 2011-2012 (Savannakhet PAFO Cropping Section) 

 
District 

Rice production area (ha)  
Yield (t) 

 
Productivity 
(t/ha) 

Transplanting  Directed 
Sowing  

Damage 
from flood & 
drought 

Harvesting 

Lowland rice production 

Outhoumphone District 14,605   14,605 53,308 3.65 

Champhone District 18,816   18,816 69,243 3.68 

Irrigated rice production 

Outhoumphone District       

Champhone District 13,620 100  13,720 60,917 4.44 
 

Since water requirements for rice are 4-5 times greater than other cereal crops (IRRI, 2011) a 
more careful look at water availability from water courses, irrigation and rainfall would be 
warranted.  A possible policy level adaptation to climate change and the uncertainty of water 
supply may be to plan for different crops in drought prone regions.  Certainly it is desirable to 
implement a more comprehensive look at water resources which include watershed scale 
processes, river basins, groundwater, irrigation projects as well as historic or predicted monthly 
rainfall rates. 
 
 

V. Economic Parameters and Considerations 
 

Water resources have long been considered a free commodity from which we receive 
significant benefit, even assume its availability for our daily needs and uses.  In terms of rain fed 
agriculture, the water and soils provide us the ability to produce food at for subsistence or as a 
market commodity.  However, there exists a pricing and valuation framework that should not 
be forgotten.  We inadequately value the benefits from water because we do not pay its market 
value even with the benefits that we receive.  There are attempts at pricing out the value of 
water when collected within irrigation schemes, retained in ponds or reservoirs, and distributed 
through pipes or canals.  In many parts of the world, water must be purchased by volume or in 
the depth of flood irrigation over hectare of cultivated land, but this is not universally valued as 
it should.  In addition, externalities occurring from decomposing vegetation within reservoirs 
behind large dams increase methane emissions that contribute to global warming, which 
continue to influence the climatic circumstances that affect agricultural communities.  Increase 
variability of rainfall, storm and flood events, and inadequate predictive capacity make this an 
even greater challenge.  The value of ecosystem services from wetlands and natural flooding of 
riparian systems is lost when it is channeled, yet the cost disaster relief from severe flood or 
drought continues to rise.  Though not a primary focus of this report, economic and cost 
parameters of available water supply are important considerations for the future development 
and investment in improved water harvest or farming systems. 
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Except for the purchase of bottled water, agricultural users are not normally charged for their 
water.  However, there are considerable costs for the development of storage and conveyance 
facilities for water use, particularly for growing crops.  As rice is the primary crop for the Lao 
people, and rice production worldwide is nearly five times that of other crops (IRRI, 2011) the 
amount of water required for agriculture in Laos is enormous.  In many places the demand from 
targeted production far exceeds the water resources available on a monthly basis.  A great deal 
of investment has gone to the development of irrigation schemes with large storage reservoirs 
and canal systems.  In the IRAS target districts there are a large number of irrigation projects 
which cost USD millions to build and maintain.  The fee structure of certain village level 
irrigation collective (e.g., for Nascing Khunban) may be based on payment of 100 kg rice per 
hectare, and which may be negotiated if the annual yields are low.  For the larger Nam Phiang 
#2 irrigation project which received 4B Kip investment in 2002 for servicing 316 ha for 359 
households, the fee of 75,000 Kip is levied against each member of the water users groups 
(WUG) per irrigated hectare, plus 150,000 Kip/ha which goes into a Farmers Fund to pay for 
Operation and Maintenance costs.  Not always monetized, the value of water is 
underestimated even for services developed and provided at great cost. 
 

It is always a challenge to place a value on the services provided by aquatic ecosystems and 
other natural resources.  But they are invaluable, and include not only water as a commodity, 
input for agriculture, essential element for all biota including wildlife and their habitat.  Not 
only are vegetated watersheds especially forests and wetlands act as living and breathing 
carbon sinks, but since they evapotranspire, they attract and maintain water on the landscape 
making it more readily accessible on in streams and underground.  Maintaining forest cover and 
functioning streams and wetlands are also a means to stabilizing water supply on the 
landscape. 
 
 

VI. Strengthening IWRM Objectives and Spatial Planning Capability 
 
The IRAS project needs to consider ecological processes and watershed scale interactions for 
climate change adaptation activities for water management.  Concepts of Integrated Water 
Resource Management (IWRM) are essential in achieving ecological as well as agricultural 
sustainability; and this needs to be emphasized over the mere exploitation of all river systems 
for expansion of rice production.  An IWRM or ecosystem based approach focuses not only on 
technological solutions; but also uses healthy ecosystems to assist people to become more 
resilient and to adapt to climate change. Healthy ecosystems can provide drinking water, 
habitat, shelter, food, raw materials, a barrier against disasters, a source of natural resources, 
and many other ecosystem services on which people depend for their livelihoods. As natural 
buffers, ecosystems are also often cheaper to maintain and often more effective than physical 
engineering structures, such as dikes or concrete walls.   
 



 
 
 

18 

IRAS Laos Project   Effective Water Management and Water Harvesting in support 
of Agriculture Adaptation to Climate Change 

 Jeanny Wang Miles – Water Budget Estimation Report 

An important means of achieving sustainable land and water use and promoting food security is 
through the promoting “Resilient Adaptation” – which includes maintaining forest and wetland 
values and functions, diversifying crops, water supplies and other inputs, as well as diversifying 
economic activities and enterprises.  Shifting a fraction of the predominant rice cultivation into 
crops that use less water and retain soil fertility (e.g., leguminous vegetables, tree and root 
crops) can significantly reduce consumptive water uses and ensure greater resilience to climate 
change induced conditions.  
 
Data sharing and correlation of agricultural production planning is another area of 
improvement.  Policy level changes may need to be made that consider the amount of water 
available for crop production, and the importance of maintaining healthy rivers and riparian 
zones.  A multi-agency GIS training on water management and climate change is proposed as a 
way to increase integrated capacity and data sharing for water management planning (Annex 
I).   The training course can be conducted with portions that are in the mode of online/ distance 
learning through campus or extension.   This GIS training may provide a unique opportunity for 
building capacity for site specific planning, more suitable design, if offered to multiple agencies 
with jurisdiction over the same areas or target districts, this GIS training would serve as a 
means to both improve planning capacity and promote data-sharing between agencies, and 
encourage a more holistic approach of water management that includes sustainable utilization 
and conservation of ecosystems, while providing services that help people to adapt.  
 

 

VII. Conclusions and Recommendations for Communities and GoL 
Agencies 

 
Water availability can be estimated from remotely sensed or gridded digital products, and 
ArcGIS terrain and hydrological network analysis is useful to estimate drainage patterns and 
watershed areas.  The proposed Water Supply Index is a way to visualize agricultural 
vulnerability, although more site specific information is useful to more accurately estimate 
water demand and deficits.  Improvements on this analysis would follow use of a higher 
resolution DEM; and data on agricultural demands and output.  Comparisons using actual 
rainfall and temperatures may be useful and preliminary inspection of this data shows fairly 
good results obtained from remotely sensed climate data.  ET could be estimated in other ways 
given site specific soil, crop data and farm practices, though through the use of the Hargreaves 
equation and remotely sensed data, this geospatial modeling approach already provides some 
utility in being able to quantify water availability in locations where site specific data is not 
readily available.  This approach can be used to derive the necessary rainfall estimates for 
design of site specific rainfall harvesting projects in the IRAS target areas covered in Report 2 of 
this Mission. 
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A primary recommendation from this mission is to promote multi-sector cooperative water 
management training and planning using GIS.  This training would use ArcGIS 10.x and would 
introduce water and climate change principles, hydrologic network mapping and terrain and 
vegetation datasets specific to Laos.  This training would allow representatives from the 
different GoL departments and ministry to share data related to using spatial analysis to solve 
issues of agriculture and resource management specific to target areas and watersheds in Laos. 
 
The outputs and methodology of this approach has been documented and existing analysis 
input climate related data has been transferred over to the IRAS project staff and the NAFRI GIS 
unit.  Additional training materials and tutorials to use this methodology for any watershed or 
sub-watershed have been provided as well.  Comparison with data generated from a higher 
resolution DEM, specific soils or crop data, as well as climate variables such as precipitation, 
solar radiation and temperature data from actual field gages and sensors will all serve to refine 
the results generated from this analysis.  Climate change scenarios can also inform variations in 
temperature that would influence water supply.  A comparison of the estimates from these 
different scenarios and results from non-satellite data would be informative and the subject of 
future application. 
 
Concepts of Integrated Water Resource Management (IWRM) are essential in achieving 
ecological as well as agricultural sustainability; and this needs to be emphasized over the mere 
exploitation of all river systems for expansion of rice production.  An IWRM or ecosystem based 
approach focuses not only on technological solutions; but also uses healthy ecosystems to 
assist people to become more resilient and to adapt to climate change. 
 
While sustainable water management is not directly a climate change adaptation, climate 
change causes greater uncertainties regarding the frequency and duration of flood/drought 
events which forces communities to adapt to the situations imposed on them, and possibly do 
something different than they have been doing already - e.g., perhaps growing more drought or 
flood tolerant crops, or promoting alternate non-farm livelihoods.  Integrated watershed 
planning includes quantifying the amount of water needed for different activities, and it looks 
at all the various river basin development issues holistically.   
 
Local and government stakeholders have indicated their interest in developing greater capacity 
to plan and manage climate induced sustainable water management options through the use of 
geospatial analysis with GIS.  Therefore, one of the recommendations from this Mission is to 
promote multi-sector cooperative water management training and planning using GIS.  The 
information obtained from water budget estimations presented in this report is integral to the 
community level planning and design of water harvesting and other water management 
objectives and recommendations elaborated in the Reports and Presentations of this Mission. 
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With increased understanding of sustainable water management there will be increased local 
and policy level adaptations to climate change.  Without it, misconceived interventions occur 
that exploit river resources without any understanding of upstream or downstream effects, 
ecological values, or knowledge of the amount and location of water available throughout the 
year.  Regardless, there exists the ingenuity of local communities to adapt to uncertainties 
imposed by climate change on the availability of water, and a desire to find any means of being 
able to cope with water scarcity or flood risk.  Through the practice of Integrated Water 
Resources Management (IWRM) and Resilient Adaptation (diversifying crops, supplies, and 
economic enterprises), significant adaptations for climate change induced sustainable water 
management can be achieved.  Multi-sectoral training to enhance watershed planning and 
design of water management interventions will further enhance climate change adaptation and 
resilience. 
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