
 Sustainable Rural Infrastructure and Watershed Management Sector Project (RRP LAO 50236)  

 

 

CLIMATE CHANGE ASSESSMENT 

 
I. BASIC PROJECT INFORMATION 

Project Title: Sustainable Rural Infrastructure Watershed Management Sector Project (SRI) 
 

Project Financing: (i) Total Project financing $51.5 million - Concessional loan of $40 million from ADB 
ordinary capital resources, Grant of $5 million from ADB special funds resources - disaster risk reduction, 
and grant of Euro 4 million from European Union administered by ADB; government counterpart contribution 
of $2 million for staff salaries and office facilities. (ii) Parallel Cofinancing: (a) Deutsche Gesellschaft für 
Internationale Zusammenarbeit (GIZ) is preparing a proposal of $40+ million to Green Climate Fund (GCF) 
to finance a project that will link up with the World Bank Emission Reduction Program and will invest in 
subproject watershed land use improvements. The proposed GIZ project will contribute to the reduction of 
risk to irrigation services and the associated diversification and intensification of their command areas that 
arise from upland land use change and degradation of ecological services downstream of the watershed; 
and (b) The International Fund for Agricultural Development (IFAD) is preparing a $12 million investment in 
commercial irrigated agriculture that targets water user groups (WUGs) through building market linkages, 
market led production systems, and introduces new technologies that support diversification into high-value 
crops (HVCs). The proposal is to work through the water user groups (WUGs) in the PRI subproject 
command areas and associated village and district level enterprises. 

Location: Lao PDR – four northern provinces (FNP) of Houaphan, Louangphabang, Xaignabouli, and 
Xiangkhouang 

Sector: Agriculture and Natural Resources and Rural Development (ANRRD) 

Theme: Inclusive economic growth (economic opportunities) and Ecological Sustainability 

Brief Description: 
The project will improve rural incomes from market-driven diversified farm output, watershed health, and 
community nutrition FNP. It will (i) promote diversification into dry season high-value crops (HVCs), improve 
the yields of wet season rice by providing irrigation and access; (ii) protect watershed ecological services; 
and (iii) improve nutrition. The project contributes to government policy goals for food security, economic 
growth, and natural resource conservation. The four outputs are: (i) Market-oriented agricultural production 
increased; (ii) Watershed ecological services protected; (iii) Command area irrigation reliability improved; 
and (iv) Nutrition awareness and facilities improved. 
 
The protection of soil and water ecological services is required by extending the duration of water retention 
that attenuate flood flows and reduces the duration of low flows. Carbon emissions will be mitigated by 
investment into land use approaches that promote perennial vegetation, retire rotational annual cropping 
areas, and reduce the degrading impact of village livestock on natural forest and ecosystems. The 
upgrading of PRI subproject command areas and water regulating structures need to withstand maximum 
flow rates (Qmax), ie events of once in 100 years - P1 based on historical records with adjustments for 
projected climate change impacts on extreme events. The monsoonal recession phase hydrographs are 
poorly documented in Lao PDR upland catchments and while catchment modelling by the International 
Water Management Institute (IWMI),1 indicate enough flow rates to justify investment in PRI investment. 
Disasters are usually associated with flood events. The western provinces experience more dry season 
droughts and the eastern provinces experiencing more wet season dry spells. Temperature and solar 
radiation change are uncertain but not expected to to inhibit dry season cropping when it is countered by 
the cool seasons with low levels of solar radiation. An increase in temperature in the medium term is likely 
to be beneficial to dry season cropping. 
  
18 subprojects are likely to be implemented, with feasibility studies of four representative subprojects (RSP) 
completed. The subprojects include:(i) upgrading of an existing canal with piped water distribution for dry 
season intensification of HVC production (Houaphan); (ii) upgrading and protection of headworks in a 
cascade of sub-schemes with dry season water distribution systems (Xiangkhouang); (iii) extending the 
command area of an existing irrigation scheme (Louangphabang); and (iv) improving water control 

                                                
1 International Water Resources Institute. 2018. TA-9323 LAO: Sustainable Rural Infrastructure and Watershed 
Management Project - Flood and Drought Risk Assessment Package (50236-001). Colombo. 

http://www.adb.org/Documents/RRPs/?id=50236-002-3
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structures and soil-water monitoring systems to manage water diversify into contract farming of green soya 
bean production (Xaignabouli).   

Source: Asian Development Bank 

 
II. SUMMARY OF CLIMATE CHANGE FINANCE 

Project Financing Climate Finance 

Source 
Amount 
($ million) 

Adaptation 
($ million) 

Mitigation 
($ million) 

Asian Development Bank    

 Ordinary capital resources (concessional loan) 40.0 11.9 0.0 

 Special funds resources (grant) 5.0 0.0 4.1 

Cofinancing    

European Union (grant ADB administered) 4.5 0.0 0.0 

 GIZ (parallel grant) 40.0 10.0 25.0 

 IFAD (grant and loan) 21.0 5.0 0.0 

ADF = Asian Development Fund, GIZ = Deutsche Gesellschaft für Internationale Zusammenarbeit, IFAD = 

International Fund for Agricultural Development 
Source: Asian Development Bank. 

 
 

III. SUMMARY OF CLIMATE RISK SCREENING AND ASSESSMENT 
 

A. Sensitivity of project components to climate/weather conditions and sea level 
 

Project component: (i) Irrigation headworks 
(instream weirs or gabions); (ii) Canal offtakes; (iii) 
Canal and distribution system; (iv) Bridges; (v) 
Small bridges and cross drainage; and (vi) Dry 
season crop production  

Sensitivity to climate/weather conditions and sea 
level: (i) Maximum flood flows; (ii) High Intensity rain 
and flood flow; (iii) Increased Precipitation and floods; 
(iv) Maximum Flood flows; (v) Increased flows rates; 
and (vi) Temperature and solar radiation changes. 

B. Climate Risk Screening made use of the program “AWARE”, providing high risks for Houaphan and 
Xaignabouli and medium for Xiangkhouang and Louangphabang. High risk ratings are linked to wildfires, 
landslides and floods. Medium risk ratings are linked to flood and landslide risks. Risks from AWARE that have 
low relevance for the PRI subprojects are: (i) Wildfires; and (ii) Landslides.  

 

C. Climate Risk Screening: (i) Wildfire risk – linked to shifting cultivation across mostly forested landscapes 
and are relevant to Xiangkhouang watersheds where risk is low to medium. (ii) Temperature increase – 
uncertain projections of possibly a 1- to 2 degree increase, leading to increased solar radiation, and heat 
waves along with higher evapotranspiration rates and water demand. High temperatures usually occur during 
the early monsoon transition into the wet season and have low effect on rice production. The impact within the 
expected life of the PRI subprojects is limited, the higher elevations, and lower temperature ranges. (iii) Wet 
season precipitation increases – Projections are presented in terms of average change but not changes to 
extreme events needed to define design flow (footnote 1). Impacts will include: (a) a reduction of wet season 
droughts in the eastern provinces of Houaphan and Xiangkhouang, (b) an increase in soil moisture reducing 
supplemental wet season paddy rice water demand, and (c) possible increases in flooding - risking yields and 
harvests. (iv) Dry Season precipitation - declining but with a high degree of uncertainty on projected changes. 
The dry season duration is expected to increase and perhaps timing (earlier) which will affect sowing dates, 
and potentially yields, especially in Louangphabang and Xaignabouli. The impact on the recession phase of 
local hydrographs could advance low flow periods into the dry season. This would reduce irrigation water 
availability late in the dry season but generally after crop irrigation is no longer needed. Current water balances 
modeling (footnote 1) place this risk as low, although a strongly precautionary approach especially in 
Xaignabouli; (v) Flooding – likely there will be increasing flood event frequency but there is less certainty over 
the change in magnitude. Flooding from increased precipitation, increased soil moisture and saturation and 
the likelihood of increased rainfall intensity poses the largest risk to agriculture and PRI. However, there is a 
lack of local data, downscaled projections and understanding of vulnerability. This is partially offset by local 
historical experience associated with the existing PRI. While the risk is high, the vulnerability of most instream 
PRI is relatively low. Existing designs are expected to exceed a probability of one event in 50 years - P2. 
Current PRI designs can withstand being submerged during flood events. Flood risk to non-agricultural 
infrastructure such as access roads, is of more relevance. Within the SRI new access infrastructure including 
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cross drainage structures, bridges or river crossings need to be upsized to withstand future higher flow rates 
requiring changes to heights, cross flow spans, free board and cross drainage flow capacity. Increased daily 
maximum rainfall at P2 and P1 exceedance frequency will be used in the calculation of Q Max design flows. 

Climate Risk Classification: The risk rating for Houaphan and Xaignabouli and medium for Xiangkhouang 
and Louangphabang – overall the subproject risk rating is medium.   

D. Climate risk assessment: The risk assessment relied heavily upon AWARE as produced by ADB in May 
2018 for each of the FNPs. Flow modelling, hydromet projections and the adjustment of hydromet data using 
extreme event analysis (ADB, 2018) has provided input for the engineering design flow equations (Sokolov or 
Rationale method). Lao PDR climate scenarios are limited due to the lack of long-term climate data to support 
modelled projections of future trends. The Bangkok-based Southeast Asia - START Regional Center1 
concluded: (i) future temperature change in the Lower Mekong Basin (LMB) region will vary from the baseline 
condition within the range of 1ºC ~ 2º C. The region will have longer summer periods with shorter winters. 
Climate models are uncertain concerning the projections reaching 2oC; and (ii) precipitation increases of 
between 10% and 30% is projected, with higher increases in the east and south of Lao PDR. Climate variability 
is expected to increase with wider differences in precipitation between dry and wet years.  
 

Current planning for Lao PDR indicates the most likely scenarios to include: (i) temperature will change within 
the range of one or two degrees; (ii) Dry seasons will continue to vary, maybe longer, drier, with more frequent 
dry season droughts; (iii) rainfall may increase, duration of the wet season may reduce; which means fewer 
wet season droughts; (iv) rain intensities may increase, and be more frequent due to monsoonal or tropical 
cyclones; and (iv) greater flood risk from accumulated heavy rainfall over periods of two - five days. The impact 
on river flows has been modelled by IWMI that uses baseline data from 1980 to 2000 and then projected data 
for 2030 to 2050. The assessment modelled high flow and how these may create risk to PRI and low flows as 
how these may impact water availability, A regionalization model from the LMB was used to develop forecasts 
from the limited hydromet data sets in each province. The model produces flow duration curves for both the 
baseline and projected climate change scenarios for exceedance frequency of P1, P2 and P4 - (one event in 
25 years) based on 19 sites in the FNP based on the rainfall runoff model GR4J (Perrin et. Al. 2003) was used 
to produce daily flow estimates that were then used to modify a Gumbel distribution of extreme flow events.  
 
Due to a lack of statistical robustness, these were further modified using a log regression model. The projected 
data is provided for two carbon dioxide (CO2) concentration scenarios being the Representative Concentration 
Pathway (RCP) 4.5 and RCP 8.5 of the Intergovernmental Panel on Climate Change. A range of models that 
address the Southeast Asia monsoon were reviewed and the RCA4 Rossby Center was used and was forced 
by the Global Climate Model HadGEM2 (Collins et. al, 2011). From the baseline period to the 2040 to 2055 
the modelled increase in high flows is very limited with annual maximum daily rainfall projected to increase on 
average by 10 mm (from 124 mm to 134 mm) or 8%. This is at the lower end of the ranges reported elsewhere 
by START but which are based on average flow rates not the change to extreme events. In contrast the models 
project larger changes to low flows, but the results were counterintuitive and have been discarded. High and 
low flows for the three exceedance frequencies were produced for the subproject catchments but have low 
reliability due to the small size of catchment. 
 
With an assumed PRI lifetime of 10–30 years, the risk assessment faces challenges. It is focused on existing 
climate variability and extremes – as the anthropogenic signal is smaller than the existing natural variability, 
over the project time and spatial scales. The variability may reflect inter-annual variability in monsoon strength, 
shifting seasonality of the monsoon (Adamson and Bird, 2010)2 or typhoon genesis (Elsner and Liu, 2003)3. 
Hence, the link between El Niño and reduced summer monsoon rainfall in Southeast Asia (Chen and Yoon, 
2000)4. This partly explains why projections for precipitation in the region are so uncertain, even by the end of 
the 21st century – due to the limited ability of climate models to represent El Niño and associated regional 

                                                
1 https://start.org/ 
2 Adamson, P. and Bird, J. 2010. The Mekong: a drought-prone tropical environment? International Journal of Water 
Resources Development, 26, 579-594 

3 Elsner, J.B. and Liu, K.B. 2003. Examining the ENSO-typhoon hypothesis. Climate Research, 25, 43-54 
4 Chen, T.C. and Yoon, J.H. 2000. Interannual variation in Indochina summer monsoon rainfall: possible mechanism. 
Journal of Climate, 13, 1979-1986 
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climate signals (Yun et al., 20161; Chen et al., 2017)2. Data from neighbouring provinces in Viet Nam were 
reviewed along with the flood event extremes reported by water users. For high flows, the projected daily 
maximum rainfall increases of 8% and 20% would change the current P2 exceedance frequency flow rates 
from the historical records to flow levels like the P1 daily maximum from the same historical record. For design 
Qmax flood flow estimates (Qmax), the P1 equivalent from the historical record is applied, which is close to 
the current P2 and adjusted upwards for projected climate change.  
 
Low flow rates are less certain among the FNP. Water availability risk is low but there is a need for more local 
data. A water balance was developed for subproject catchments which concluded that the watersheds have 
considerable amounts of exploitable water - about 44-56% of the inflows of which about 25%-58% of available 
water resources is currently used indicating water is available for irrigation purposes. The lack of water risk for 
PRI is low. The timing of QMin occurs well after the completion of the harvest of most dry season crops. To 
address dry season flow risks all subprojects will establish a stream gauging data set that is reported 
fortnightly. Additional subprojects will not be processed without a minimum of two years of data.  

 
IV. CLIMATE RISK RESPONSES – Representative subprojects 

Flood Level and Flow Risk Adaptation: (i) Irrigation headworks design will use the historic meteorological 
records to establish the daily maximum rainfall for P1 and P2 exceedance frequencies. The Qmax flow 
calculation built on Sokolov and Rationale methods will use the P1 exceedance frequency for daily maximum 
rainfall to produce the Qmax flow rate for input to the detailed engineering designs (DED). For the four RSP, 
one subproject headworks resulted in a 30% increase in the flood capacity leading to a 10% increase in capital 
investment cost of $20,000; (ii) Two access bridges in Nam Pua RSP also used the P1 exceedance frequency 
resulting in the elevation of the deck raised 0.5m leading to an increase in capital cost of 5% or $8,000; and 
(iii) Canal offtakes for most headworks can manage flood flows. For Nam Pua RSP the design was modified 
to limit flood ingress leading to a capital investment increase of nearly 20% or $6,000 
 
Extreme Rainfall Intensity Adaptation: The capacity of canals and cross drainage structures are sized using 
the expected Qmax based on a P1 historic exceedance frequency to pass higher flows. For the PRI RSPs an 
additional investment of $20,000 is required to upgrade the existing canals and cross drainage structures 
whilst all new PRI will use the same Qmax. Rainfall intensity impact on canals that are vulnerable to soil 
ingress due to slope and land use creates a risk of loss of conveyance efficiency. For canals where this risk 
exists the project will enclose canal sections to mitigate the risk of soil blockage and associated canal cleaning 
costs. The incremental capital investment will be $8,000. For the four RSP designs, the incremental cost to 
civil works totals $47,000 or $14,500 per subproject. Over the 18 subprojects the costs would be around 
$203,000 incremental works investment. 

 

Changed water availability due to reduced dry season precipitation, increased temperatures and 
evapotranspiration leading to increased water demand adaptation. The uncertainty over dry season 
precipitation and water availability is addressed through the adoption of a precautionary approach. Prior to the 
design of the additional subprojects every subproject’s water sources will be gauged (above). For Xaignabouli 
where there are reports of declining flows, subproject selection has prioritized systems with dry season storage 
to reduce the risk of unreliable dry season flows. Technical assistance (TA) will be provided to develop (i) crop 
water demand planning, (ii) water scheduling based on crop water demand, (iii) the integration of water 
demand into water balances and then the inclusion of these into the DED. The TA will build the capacity of 
WUGs to understand water demand, efficiency and management, crop selection and crop sowing dates. The 
Project will introduce soil moisture monitoring, new irrigation technology such as draining tubes, drip and trickle 
systems, and sprinkler applications. The current design WUE is low (40%-41%) based on current use of canal 
systems offering the opportunity to: (i) deliver water more efficiently through pipes and lined canals; and (ii) 
introduce water saving irrigation technologies; and (iii) labor saving technology including internet and phone-
based control systems. Knowledge and expertise will be built in WUE within the WUGs to increasingly be able 
to adapt their irrigation systems to meet market demand whilst managing the water supply.  

                                                
1 Yun, K.S., Yeh, S.W. and Ha, K.J. 2016. Inter‐El Niño variability in CMIP5 models: Model deficiencies and future 
changes. Journal of Geophysical Research: Atmospheres, 121, 3894-3906 

2 Chen, C., Cane, M.A., Wittenberg, A.T. and Chen, D. 2017. ENSO in the CMIP5 simulations: life cycles, diversity, and 
responses to climate change. Journal of Climate, 30, 775-801 
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V: CLIMATE ADAPTATION PLANS WITHIN THE PROJECT 
Adaptation Activity Target 

Climate 
Risk 

Estimated 
Adaptation Cost 

Justification 

Increase headworks 
and irrigation canal 
capacity from current 
P1 to P2 

Increased 
flood levels  

Increased capacity 
by 30% and cost 
increase $20,000.  
12 subprojects with 
headworks $240,000 

Previous sector investment has resulted 
in headworks and canal damage due to 
flood flow entering canals, or outflanking 
headworks and off takes 

Installation of 
command area 
access bridges 
based on Qmax P1  

Increased 
flood levels  

Additional 5% cost 
$8000 per subproject  
$144,000 

Irrigation command area is often lost 
being unable to withstand flood flows. 10 
to 30% increase in Qmax bridge design. 

Canal offtakes 
protected to stop 
flood water ingress. 

Increased 
flood levels 

Addition cost $6000 
$106,000 

Canal protection measures are designed 
for expected increases in Qmax flood 
flows.  

Canal protection and 
installation of cross 
drainage to reduce 
soil ingress. 

Increased 
high 
intensity 
rainfall  

$10,000 per 
subproject  
$200,000 

High intensity rain fall create canal 
intrusion in mountainous catchments. 
Covered canals and cross drainage shuts 
will reduce maintenance costs 

Precautionary 
approach to water 
resource 
assessment, in high 
risk areas with water 
storage, scheduling, 
and crop demand. 
Technical assistance 

Uncertain 
DS rainfall, 
increased 
temperature 
and 
evapotransp
iration 

 
$200,000 for 
technology 

demonstration in 
farmer focused 

applied 
demonstrations 

Water users have little or no experience 
with water management and control 
systems and the use of scheduling to use 
water more efficiently during the DS. 

Soil water 
monitoring, low 
volume spray and 
piped distribution 
reducing water use 
in DS. 

As above Current water use is based on 
supplemental flood using field to field flow 
for paddy production. DS high value crops 
require more water control and precision 
in the application of water to enable a 7 to 
10 day return compared to 30 days using 
flood irrigation. 

Designs deliver DS 
controlled water for 
high value crop 
diversification. 

Increased 
temperature 
and drought 

$11 million 60% of total irrigation infrastructure is 
invested in water control and delivery 
systems to support dry season irrigation 
that is currently no available. 

DS = dry season, QMax = maximum flow, P1 = one in 100 year event, P2 = one in 50 year event. 

 
VI: CLIMATE MITIGATION PLANS 

Mitigation Activity GHG ER  Estimated 
mitigation Cost 

Justification 

Reduced land and 
forest degradation 
through the 
implementation of 
PLUPs.  

3,500ha of forest 
protected 56t/ha 
for 5 years 
approximately 
980,000tco2eq 

$4.1 million based 
on the share of 
capital investment 
for protecting 
degraded forest. 

Forest degradation is a major driver of 
CO2 emission in the northern 
provinces – data is derived from 
government ER1 with an estimate of 
56tCO2eq per ha per year. 

ER = emission reduction, GHG = greenhouse gas, PLUP = participatory land use planning 

                                                
1 FCPF Carbon Fund (2018), Emissions Reduction Programme Document: Promoting REDD+ through Governance, 
Forest, Landscapes and Livelihoods in Northern Lao PDR, 
https://www.forestcarbonpartnership.org/sites/fcp/files/2018/May/LaoPDR_ERPD_FinalDraftMay.2018-Clean.pdf 


