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EXECUTIVE SUMMARY 
 

This report provides a Climate Risk and Vulnerability Assessment (CRVA) for the Water Efficiency 

Improvement in Drought Affected Provinces (WEIDAP) project in Vietnam. It aims to provide an 

overview of climate risks and vulnerabilities to inform the project detailed design and 

implementation and monitoring of climate adaptation measures. 

The WEIDAP project will improve the water productivity of irrigated agriculture by replacing 

inefficient rice irrigation schemes with modernised systems using pipes (pressurised and gravity), 

upgraded canals and some impounding weirs designed for irrigating high-value crops, such as 

mango, coffee, pepper and dragon fruit.  It includes institutional and capacity building activities 

(Component 1), modernised irrigation schemes (Component 2) and on-farm water efficiency 

improvements (Component 3) (PRIMEX, 2017).  

The recent El Niño Southern Oscillation (ENSO) influenced drought in 2014-15 affected around 

60,000 hectares of agricultural land in the Central Highlands, including the main area of coffee 

production as well as 20%-30% of the rubber, pepper, cashews and tea growing areas (ADB, 

2016). Analysis completed for this report shows that during the South West Monsoon period 

rainfall was 40% to 70% below the long term average in the five target provinces (Section 1).  

Future climate change scenarios project an increase in annual average rainfall (MONRE, 2016) 

but a delayed start and reductions in rainfall in the monsoon seasons can’t be ruled out. If the full 

range of published climate change scenarios is considered, then there are plausible scenarios 

that indicate a reduction in rainfall during monsoon periods (Katzfey et al., 2014; Section 2).  

According to the IPCC 5th Assessment Report, ENSO-related precipitation variability on regional 

scales is likely to intensify due to the increase in moisture availability (IPCC, 2013). Recent 

research published in Nature (Cai et al, 2015) suggests that El Niño conditions may increase in 

frequency by two-fold by the end of the century. Our own assessment of CMIP5 models1 for this 

project shows that the frequency of dry periods may increase, even when there is an increase in 

annual average rainfall (Section 1, Box 1).    

The CRVA used climate change scenarios from Ministry of Natural Resources and Environment 

(MONRE, 2016) and several supporting research projects. Twenty five future climate projections 

for 2050s, covering a ‘medium’ and ‘high’ emissions scenario were reviewed. Rather than 

adopting a multi-model median or average scenario, a ‘climate futures’ approach (Whetton et al., 

2012) was used to translate these into three simple scenarios for analysis (Section 2):   

• Scenario 1 is a 'warm and wet' scenario, under lower emissions, with warming of just 

over 1°C in the coastal provinces and a significant increase in average annual river flow 

and recharge.  

• Scenario 2 is a 'hot and wet' central scenario under high emissions with a warming of 

1.5oC in highland provinces and almost 2°C in coastal provinces. It has similar changes in 

                                            
1  Detailed analysis has been completed using frequency analysis on climate model time series. This is not included in 

the report but will be published as a separate paper.  
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annual rainfall but the increase in evaporation translates to small increases in river flow 

and recharge. 

• Scenario 3 is a hotter scenario under high emissions with a warming of 2°C in the 

highland provinces and 2.6°C in the coastal provinces. It has a drier start to the SW 

monsoon season and is likely to have a delayed onset in drier years. Flow and recharge 

decrease under this scenario.  

 

From the perspective of climate vulnerability and the ability of communities to cope with drought 

conditions, the target areas have poverty rates of between 15-30% but also include some 

wealthier farming communities. Overall they have relatively low vulnerability compared to 

surrounding areas; Nin Thuan and Dak Nong have a higher proportion of people living in poverty 

and the lowest human development indices (HDIs) (Section 3).  

The climate risk assessment considered potential impacts based on three climate scenarios 

using a mixture of hydrological modelling, literature review and expert elicitation from within the 

Project Preparation and Technical Assistance (PPTA) team. A range biophysical, agriculture and 

infrastructure risks were included such as increases in evaporation, higher crop water demand, 

changes in river flows, crop yields and damage to project infrastructure due to flooding. All 

scenarios presented increased risks in terms of flooding and sea level rise. The hotter scenario 

presented risks of both increases in flooding and more frequent drought conditions (Section 4).  

An economic analysis tested sub-project economic rates of return under climate change, with 

and without the WEIDAP project. This showed that the project has a high return even under the 

most severe hotter climate scenario. The highest risk to the project investment were a succession 

of severe droughts, particularly at the beginning of the project and extreme flooding and damage 

to newly built infrastructure. It also shows that household incomes are severely affected by 

drought but are much higher ‘with’ the project than ‘without’ the project and that the benefits are 

retained even under the most severe climate change/drought scenario (Section 5). 

The CRVA provides information, which is relevant to the detailed engineering design on the 

project, project output or outcome monitoring and scoping of new projects, which may be 

aligned to promote further climate change adaptation. The key recommendations2 are as follows:  

• Modernised irrigation systems will provide a reliable supply of water in most years 

but will not provide water in extreme drought years. Component 1, includes water 

supply and demand monitoring and institutional strengthening to manage water 

allocations, but further work is needed on drought planning and emergency planning 

to manage more extreme droughts. This will include the development of plans regarding 

how water is managed and allocated during drought, opportunities for additional supply 

(retaining existing groundwater boreholes for conjunctive use) and demand management.  

This may include the use of satellite remote sensing, seasonal forecasting and other 

innovative technologies in proposed high-tech agricultural zones.  

                                            
2 These high priority actions may require small refinements to the project or monitoring programme or the scoping and 

submission of aligned climate adaptation projects, financed through Climate Funds.       
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• The project detailed design (Component 2) should consider climate change impacts 

on flood risk and the required level of flood protection for access roads, river 

crossings, foundations etc...According to Vietnam’s MONRE “[t]he RCP8.5 scenarios 

should be applied to the permanent projects and long-term plans”. There is no national 

guideline on how the scenarios translate to climate change allowances for engineering; it 

is recommended that a simple allowance based on RCP 8.5 multi-model mean 

rainfall changes is applied, e.g. 15% or 20% on flood event rainfall or flow.   

• Poorer farmers and those from ethnic groups may have less access to the modernised 

irrigation systems and be the most vulnerable to droughts, floods and long term climate 

change. Therefore, financing arrangements to gain access to water and modern 

farming techniques and/or some kind of insurance or social protection system to 

protect them from extreme events are desirable. The latter could be developed as a 

climate insurance service where social support provided is proportional to appropriate 

weather/satellite indices to characterise flood and drought impacts.  





 

1 Introduction  

 
This report provides a Climate Risk and Vulnerability Assessment (CRVA) for the Water Efficiency 
Improvement in Drought-Affected Provinces (WEIDAP) project in Vietnam. The CRVA was 
developed in collaboration with the Project Preparation Technical Assistance (PPTA) team and 
initial findings were discussed leading up to and during the project’s mid-term review. This report 
aims to provide an overview of climate risks and vulnerabilities to inform the project detailed 
design and implementation and monitoring of identified climate adaptation measures. 
 
The WEIDAP project includes eight sub-projects and the CRVA general findings are relevant for 
all cases. Further detailed analysis was completed for two sub-projects at Song Mong/Bau Bau 
and Trung Tam reservoirs, including more detailed water resources modelling and economic 
analysis. These case studies illustrate the sensitivity of proposed schemes to future climate 
change scenarios, the potential impacts on return on investment (RoI) and the relative benefits of 
the schemes as outlined and some potential further refinements.  
 
The PPTA mid-term review provides a detailed description of the project, including design 
concepts and outline designs of all modernised irrigation schemes (PRIMEX, 2017). The CRVA 
report is structured as follows:  
 

• Section 1 provides background information on WEIDAP, ADB requirements for CRVA and 
the project methodology.  

• Section 2 summarises the current climate in the Central Highlands and South East 
Vietnam, with a focus on the natural variations; it also introduces the most relevant climate 
risks.  

• Section 3 provides information on future climate change, including the Ministry of Natural 
Resources and Environment (MONRE) 2016 climate change scenarios and the 
development of three complimentary future scenarios for sensitivity testing of WEIDAP 
designs.  

• Section 4 provides summary information on the vulnerability of farmers exposed to future 
climate change based on the PPTA household survey and other published literature.  

• Section 5 provides a more detailed assessment of the main climate risks related to water 
supply and demand, the frequency of floods and droughts and other potential impacts on 
agricultural production.  

• Section 6 includes an adaptation assessment that uses the climate scenarios and risk 
assessment to stress test two cases studies under the baseline case and with WEIDAP.   

• Section 7 provides overall conclusions and recommendations for the WEIDAP project and 
also for the development of CRVAs.  

• Detailed appendices provide further information on climate change scenarios and 
economic analysis (Don Parker).  
 

1.1 Project Background  
 
The WEIDAP project aims to improve water productivity of irrigated agriculture in five drought 
affected provinces of the South Central Coastal and Central Highland regions of Vietnam. It is 
focussed on eight sub-projects in Ninh Thuan, Khanh Hoa, Dak Lak, Dak Nong, and Binh Thuan 
provinces. Inefficient rice irrigation schemes will be replaced with modernised systems using 
pipes (pressurised and gravity), upgraded canals and some impounding weirs designed for 
irrigating high-value crops, such as mango, coffee, pepper and dragon fruit.   
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The project was developed in response to the prolonged drought in 2014-15 and to meet future 
challenges anticipated from climate change. The recent drought in Vietnam, which was driven by 
strong El Niño conditions, affected around 60,000 hectares of agricultural land in the Central 
Highlands, including the main area of coffee production as well as 20%-30% of the rubber, pepper, 
cashews and tea growing areas (ADB, 2016).  
 
Climate variability and climate change are strongly linked. Under many future scenarios the 
frequency of floods and droughts are projected to increase, alongside increases in average 
temperature and changes to seasonal average rainfall (See Box 1, Sections 2 and 3). As such, 
project activities can be viewed as climate change adaptation aimed at ensuring reliable water 
supplies for high-value crops under normal to moderate drought conditions.3   
 
Box 1 presents a rationale for regarding WEIDAP as a water and agriculture sector climate change 
adaptation project both in response to the recent drought and in anticipation of future climate 
change.  It includes summary of activities under the WEIDAP project and its major components 
on institutional strengthening, modernised irrigation systems and improved on farm management. 
It also highlights the potential for aligned “pro-poor” projects that may be eligible for further climate 
financing.  
 
In terms of further climate adaptation activities, the Component 2 outline designs and engineering 
concepts are quite difficult to build in further flexibility to account for climate change (e.g. pipe 
sizes, anticipated irrigation command areas, flow rates) but the way the schemes operate is more 
flexible and could respond to changes in hydrological regime and water availability (pump 
scheduling, allocation etc..). There can also be refinements and additional activities that can be 
incorporated in Components 1, Institutional Strengthening and Component 3, On-farm water 
management (Section 7). 

 

 

 

 

 

 

 

 

 

 

                                            
3 The project designed to meet 85th percentile irrigation design standards, i.e. to provide water 85 % of years. It is not 

designed to provide water during the most extreme drought conditions but water efficiency improvements will reduce 
loss and damage related to such events. 
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Box 1. WEIDAP as a climate change adaptation project  

The climate in the Central Highlands and South Central Vietnam is highly variable. The reduction in rainfall 

during the South West Monsoon in 2015 was between 40 and 70% in the five selected drought affected 

provinces (Section 2). Temperatures have already increased in the Central Highlands (Katzfey et al., 2014, 

MONRE, 2016), which influences a greater demand for water.  

Under many future scenarios changes in annual rainfall are projected but the variability also increases, 

which indicates a risk of less reliable supplies and an increase in extreme drought (Section 3). In this context 

WEIDAP can be regarded as climate change adaptation in response to the recent drought conditions and 

in anticipation of more variable climate conditions in future.  

The Ministry of Natural Resources and 

Environment published climate change and sea level 

scenarios for Vietnam in 2016 (MONRE 2016). These 

scenarios indicated increases in average annual rainfall by 

the 2050s. However, the year to year variation in seasonal 

rainfall is more important for water efficiency and irrigation 

projects. With small changes in average 

conditions there may be an increase in both floods 

and droughts (Section 3).  

Illustrative example of increased climate variability (for 

detailed analysis see Appendices) → 

The WEIDAP project includes activities that are water sector climate adaptations. In the figure below, all 

the ticked activities are already included in the project; yellow flags indicate potential for further linked 

adaptation projects, for example on drought planning, and red flags indicate important considerations for 

detailed engineering design (Sections 6 and 7).  

 

-100% -50% 0% 50% 100%

Wetter → FloodsDroughts  Drier 

Variation in rainfall 

Today

Future

Less 
reliable 
supplies

Possible 
Increase in 
extremes

Small change in 
mean rainfall but 
increase in range
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With respect to due diligence of the ADB investment, project risks include extreme floods or 
droughts, particularly in the first few years after implementation, climate change and a wide range 
of socio-economic factors such as effective water management and allocation, licensing, water 
pricing, access to finance, labour costs and market prices. There are a number of potential climate 
impacts on crop water demand, crop growth and yield, as well as on water availability for irrigation 
and on the frequency of floods, droughts and heat-waves. The WEIDAP CRVA is primarily 
concerned with the reliability of water supply and the frequency and magnitude of future droughts; 
however other climate risks are included in the scenarios developed in Sections 3 and 5.  
 
1.2 The ADB approach to CRVA   

 

All ADB projects are screened for potential climate risks and those identified to be medium or high 
risk are required to complete more detailed risk assessment work. According to ADB guidance:  
 
“A detailed climate risk and vulnerability assessment is carried out for projects classified as 
medium or high risk during project preparation. The assessment aims to quantify risks and identify 
adaptation options that can be integrated into the project design. The level of technical rigor of 
the assessment depends on the project complexity and availability of climate data and information 
for the project area. It can range from a simple desk analysis to a complex assessment based on 
custom climate projections to enable a more detailed assessment.” (ADB, 2015).  
 
Following a more detailed assessment of project risks and vulnerabilities, including economic 
analysis, parts of the existing project or additional activities may be classified as climate change 
adaptations.  
 
1.3 The CRVA Methodology  

 

Although ADB provide some guidance on the scope of CRVA reports4 there is no fixed 
methodology, as the scope of work needs to reflect the type of investment, the timing of the CRVA 
versus other project preparation phase activities and the size of project.  
 
In this study the CRVA was developed alongside PPTA activities. Figure 1 outlines the main 
methodological steps.  The starting point was reviewing the WEIDAP Inception Report (PRIMEX, 
2016) and available current literature to understand the key drivers for the climate in the Central 
Highlands and South Vietnam.   

  

                                            
4 For example in Guidelines for Climate Proofing Investment in the Water Supply and Sanitation Sector (ADB, 2015).  
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Figure 1: Main steps for the WEIDAP CRVA (including report section numbers).  

 

The methodology was based primarily on literature review, consultation with the PPTA 

international and national experts and case study assessment. It involved the following steps:    

• Identification of current climate risks, through the inception report, research literature, an 

understanding of baseline climatology and particularly the impacts of the recent drought.  

• Review climate change projections, including all available climate scenarios for the 2050s 

under several different emissions scenarios and using different methods.  

• Selection of future scenarios; through consultation with the PPTA team it was clear that 

the most practical approach was to develop a small number of climate change scenarios 

and an accompanying storyline that describes relevant risks.    

• Identification of vulnerabilities; through a review of the PPTA household surveys and 

review of the available literature.  

• Case study analysis of two selected projects in Bin Thuan and Dak Lak, including water 

resources and economic analysis using climate change scenarios and stress tests.   

• Adaptation assessment including both a qualitative assessment and case study economic 

analysis of baseline without the project, with the project and with enhanced climate 

adaptation measures.  

• Conclusions and recommendations, with an emphasis on the identification of climate 

resilient pathways, which highlight refinements or changes that can be made under wetter 

or drier climate futures.  
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2 The climate of the Central Highlands and South Central Vietnam  

 
Vietnam has a typical tropical monsoon climate and is located in the centre of two main tropical 

monsoon areas, the South Asian (also known as the South West Monsoon) and the East Asian 

(also known as the North East monsoon). The main features of the climate in the study area are 

summarised in Box 2 and a detailed review, including a description of data sources and methods, 

is provided in Appendix 2: Project Literature Review and Appendix 4: Description of climatology 

data.   

 

Box 2.  Key background information summarised from Appendix 2: Project Literature Review. 

• Vietnam has a typical tropical monsoon climate with a seasonal reversal of the winds and 

precipitation associated with thermal contrast in east-west or land-sea heating.  

• The WEIDAP project location lies in the area of the South Central and Central Highlands provinces.  

o The central highlands comprise of approximately 51800 km2 of rugged mountain peaks, 

widespread forests, and flat plateaus of basaltic land (Nguyen et al., 2007). 

o The South central provinces are a narrow coastal plain in central Vietnam (12-18 N), where 

the distance between the mountains and the sea is narrow (50-150km) (Nguyen-Le et al., 

2013). 

• The seasons are defined as follows: 

o North East Monsoon Season (NEMS) – December to March 

o First Inter-Monsoon Season (FIMS) – April to May 

o South West Monsoon Season (SWMS) – June to September 

o Second Inter-Monsoon Season (SIMS) – October to November 

• In central Vietnam the rainfall maximum occurs during September to November. Heavy rainfall 

in the southern coastal provinces are mainly contributed by cyclonic circulations (Chen et al., 

2012). 

• The seasonal march of rainfall in the central and coastal plain is delayed until late autumn to 

early winter (September to November) (Nguyen-Le et al., 2013).  In this region the Foehn wind 

effect suppresses rain and causes a drier summer when compared to the Central highlands 

(Nguyen-Le et al., 2013). 

• The interannual variation of the South Asian monsoon rainfall over this region is mainly based 

on disturbances in the local weather caused by westward-propagating weather events such as 

tropical cyclones and monsoon lows and the influence of El Niño-Southern Oscillation (ENSO) 

on the atmospheric circulation and the latitudinal position of the ITCZ (Nguyen et al., 2007). 

• The rainfall maximum in central Vietnam exhibits a distinct interannual variation in the rainfall 

maximum during October to November, with increases (reductions) in the La Niña (El Niño) 

phase of ENSO of 174% (52%) of the long-term average value (759mm) (Chen et al., 2012). 
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2.1 Average climate conditions 

 
The baseline average climatology for each province is summarised in Figure 2. The monthly 
averaged daily Min, Max, Mean Temperatures are based on the available averaged surface 
stations, the monthly averaged daily rainfall estimate was produced from the PERSIAN-CDR 
dataset, and estimates of Potential Evapotranspiration (PET) are based on the ERA-Interim mean 
surface temperature data set and average sunshine hours, wind and relative humidity from the 
CROPWAT global database (Appendix 4: Description of climatology data and Appendix 5: 
Estimation of ETo and ETo factors).  
 
In summer (June to August) for the southern central and central highlands provinces the climate 
is dominated by the South Asian Monsoon. Figure 2 shows that this is a hot and wet period, where 
daily mean temperatures range from 22 to 29°C across the region, and daily mean rainfall ranges 
from 4.5 to 8.5mm/day in the southern central coastal provinces, and 7 to 10.5mm/day in the 
central highlands. However the southern central provinces lie within a narrow coastal plain, where 
the distance between the mountains and the sea is narrow (50-150km) where the seasonal march 
of rainfall is suppressed by the Foehn5 wind effects until late autumn to early winter (September 
to November) (Nguyen-Le et al., 2013). Binh Thuan (where there is influence from the central 
highlands) province shows this effect, and more notably Ninh Thuan and Kan Hoa. The rainfall 
maximum across the region occurs during September to November and ranges from 9 to 12 
mm/day, and in the south central coastal provinces the heavy rainfall is mainly contributed by 
cyclonic circulations (Chen et al., 2012). Winter usually extends from November to March during 
which the the climate is affected by the East Asian Monsoon which across the region is cooler 
where daily mean temperatures range from 20 to 25.5°C and is dryer where daily mean rainfall 
ranges from 0.5 to 4.5mm/day. The transition from the wet to dry season is characterised by a 
sudden increase in rainfall in late April.  
 
Figure 2 also shows estimates of average PET using different methods and data sources are in 
general in good agreement. The monthly estimated PET ranges from 3 to 5 mm/day for the ‘Oudin’ 
calculation method and 2.5 to 5.5 mm/day for ‘Penman Monteith’ method. PET is a key design 
parameter for the irrigation schemes and these independently calculated values compare well to 
the design values used for the PPTA, which are 5 mm/day for most pilot sites and 6 mm/day for 
Nhon Hai and Nhon Hai (PRIMEX, 2017; MTR Table 1).    
 
2.2 Rainfall reliability  
 
Irrigation design is based on the concept of rainfall reliability, which can be calculated on an 
annual, seasonal or monthly basis (as discussed in detail in the PPTA Mid Term Review). The 
design standard adopted for the PPTA is 85%, i.e. the rainfall amounts that are exceeded in 85% 
of years; therefore there should be a reliable water supply in 8 or 9 years out of every ten years. 
There will be years when there is insufficient water available and the area irrigated would have to 
be reduced or other strategies adopted to protect valuable perennial crops.    
  
 
 

                                            
5 Foehn winds (sometimes written "Föhn") are common in mountainous regions, regularly impacting the lives of their 

residents and influencing weather conditions for hundreds of kilometres downwind. Regions under the influence of 
Foehn experience warmer, drier climates and a longer crop growing season than they otherwise would. 
http://www.metoffice.gov.uk/learning/foehn-effect 
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2.3 Soil moisture balance and critical periods  
 
The effective rainfall is the balance of rainfall less actual evapotranspiration, which is affected by 
crop types (represented by crop coefficients Kc in the irrigation design)  and soil characteristics. 
It is clear from the climatology that the reliable rainfall6 is only greater than evapotranspiration for 
a proportion of the year as illustrated in Figure 3 for Bin Thuan province. Therefore rain fed crops 
will have a significant soil moisture deficit during the first half of the calendar year and there is a 
high irrigation demand during this period for irrigated crops. The dry pre-monsoon period (4 
months or more) when irrigation demand is high can be regarded as the ‘critical period’ for the 
design of irrigation infrastucture and the PPTA have defined these periods for each sub-project. 
The onset of the SW monsoon and rainfall amounts define the ‘critical period’ for surface water 
reservoir refill; any delay in monsoon rains will place additional demand on reservoirs at a time 
when levels are already very low and may result in less than 100% refill, presenting risks for the 
following year.  
 
2.4 Extreme drought conditions  
 
During the recent drought rainfall was remarkably low compared to the previous 30 years. For 
example the seasonal rainfall deficits for the South West Monsoon (JJAS) ranged between -40% 
and -70% of long term average rainfall, based on an analysis of the PERSIANN rainfall data set 
from 1983 to 2015.  The observed rainfall deficits were far greater than previous El Nino years.  
Based on analysis of historical data, the likelihood of the 2015 June-September rainfall is less 
than 1%, i.e. it would be expected to occur, on average, no more than 1 in 100 years7. If the 
WEIDAP investment is considered over a 25 year period there is around a 22% chance8 that a 
similar event could occur. However with climate change the magnitude and frequency of 
extremely low rainfall will change; under some scenarios the inter-annual variability is larger, 
increasing the risk of floods and short droughts (Sections 3 and 5).  
 
Table 1. Analysis of seasonal rainfall deficits for the South West monsoon (JJAS) based on the 
PERSIANN 1983-2015 data.   

Rainfall mm Seasonal rainfall deficits  

Province  Mean 
rainfall 

2015 
rainfall 

Normal  
range  
(-1 s.d.)  

Moderate-
Severe 
droughts 
(-2 s.d.) 

Extreme 
drought 
(-3 s.d.)  

2015 
drought  

Dak Nong  1193 713 -12% -24% -36% -40% 

Bin Thuan 978 536 -15% -30% -44% -45% 

Dak Lak 1063 544 -15% -30% -45% -49% 

Kanh Hao  781 236 -23% -46% -69% -70% 

Nin Thuan 754 226 -20% -40% -60% -70% 

Note: s.d. is the standard deviation and this analysis shows that it is normal for seasonal rainfall to vary up 

to +/- 20% for the June to September period and that the 2015 drought was exceptional in all five provinces.   

                                            
6 The 85th percentile rainfall for each month of the year.  
7 The 2015 drought is clear outlier compared to other historical events; based on an extreme value analysis using 

Weibull plotting positions the 2015 JJAS rainfall has a probability of less than 1% but further detailed analysis is 
needed to quantify this more precisely.  

8 This is based on a calculation of encounter probability of a 1 in 100 year event over a 25 year period. By the same 
calculation there is a 40% chance that a similar event would occur in the next 50 years. Both these estimates assume 
a stationary climate.  



9 

 

 
 

Figure 2. Average climatology for each province in the study area 

  

  

 

 

 

Note: Monthly averages of daily minimum (yellow line), maximum (red line) and mean (green line) 
temperature are derived from surface weather stations. Monthly averaged daily precipitation (blue bar) 
(mm/day) amounts are the PERSIAN-CRR data. The Penman Monteith estimated PET and the Oudin 
estimated PET are plotted to provide a visual comparison of the different methods and quantification of 
estimated PET amounts (mm/day). 
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Figure 3. Estimation of reliable monthly rainfall for Bin Thuan province (red line), 

potential evapotranspiration ETo (green and grey bars) and soil moisture deficits (grey 

area).    

 

Note: Based on the same data as used in Figure 2. The black line is the average monthly rainfall and bars 
and dashed lines represent percentiles (10th, 15th, 25th , 75th , 85th , 90th)  
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Figure 4. Bin Thuan average rainfall for the period 1983 to 2015 based on PERSIANN 

data and showing exceptionally low rainfall in 2015 

 

 

3 Review of available climate change projections and scenarios 

 
3.1 Introduction 
 
This section of the report develops regional climate projections based on the  Vietnam Climate 
Futures – High Resolution Climate projections for Vietnam (Katzfey et al., 2014) and the National 
Projections for Climate change and sea level rise scenarios that were released by the Ministry of 
Natural Resources in 2016 (MONRE, 2016). It presents Binh Thuan province as an example of 
how the data that underpins the projections were used to develop three simplified climate futures 
for sensitivity testing of the WEIDAP project.  
 
3.2 The MONRE (2016) scenarios  

 

The MONRE (2016) Climate Change scenarios are the latest available published data in Vietnam 
and provide recommendations to policy makers that: 

•  “The RCP4.5 scenarios can be applied to design standards for non-long-term projects 
and short-term plans.” 

• “The RCP8.5 scenarios should be applied to the permanent projects and long-term 
plans.” 
 

In the context of these policy recommendations, the RCP4.5 and RCP8.5 changes in temperature 
and rainfall are shown in Table 2, and have been used as central estimates by IWRP in their 
modelling studies (IWRP, 2016). In addition, the RCP8.5 scenarios are suitable for use in 
engineering design in the detailed design phase of the project. Full details of changes in rainfall 
and temperature for each province on a monthly basis are included in   
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Appendix 6 Projected climate and climate change scenarios.  
All figures are for  

MID-CENTURY (2046-2065) 

RCP4.5 RCP8.5 RCP4.5 RCP8.5 

Annual ΔT CHANGE (°C) Annual P CHANGE (%) 

Binh Thuan 

(SC)  

Multi-model 

mean 
1.3 1.8 13.6 15.0 

Range 0.9 to 2.0 1.3 to 2.5 3.9 to 24.2 7.8 to 22.0 

Table 2 Summary of annual projected changes in average temperature (°C) and rainfall (%) compared to 
the period 1986 to 2005. The ranges are the 10% and 90% confidence levels around the multi-model mean. 
Delta and percentage changes are the multi-model means from sixteen simulations. For temperature (left-
hand two columns) Green colouring is for Warmer (0.5 to 1.5°C), Yellow Hotter (1.5 to 3.0°C), Orange Much 
Hotter (>3.0°C). For precipitation (right-hand two columns) Red for Much Drier (<-15), Orange Drier (-15 to 
-5), Green Little Change (-5 to 5), Light blue Wetter (5 to 15), Dark blue Much Wetter (>15) changes 
(Source: MONRE, 2016). 

The MONRE (2016) climate projections provide useful context and background to this study; in 
order to compliment these scenarios, we selected a broader range of sensitivity scenarios based 
on annual and seasonal changes and potential impacts on monsoon onset. This is important 
because if studies focus on multi-model averages they may exclude some potential changes in 
the future climate that would have a significant impact on projects.  
 
3.3 Developing climate futures 
 
A range of climate change projections were looked at, namely the Vietnam Climate Futures – 
High Resolution Climate projections for Vietnam (Katzfey et al., 2014), and a subset of sixteen9 
(eight for RCP4.5 and eight for RCP8.5) downscaled model runs were selected. Figure 5 shows 
the range of projected annual changes in temperature against changes in rainfall for 2041 to 2070 
for RCP4.5 and RCP8.510. From these annual projection changes and seasonal analysis the 
following can be summarised: 
 

• The MONRE (2016) climate projections shown as grey squares for RCP4.5 (left) and RCP8.5 
(right) are predominantly wetter than the Vietnam Climate Futures projections (grey 
diamonds) and the subset of sixteen downscaled regional climate models.  

• There is a large distribution in the Vietnam Climate futures RCP8.5 models, with 3 of 8 
showing ‘warmer and drier’ conditions and 2 of 8 showing ‘warmer and much wetter’ 
conditions.  

• The subset of sixteen models chosen to compliment the national projections for this CRVA 
study shows temperatures (rainfall) to be ‘warmer’ (‘little change’) and ‘hotter’ (‘wetter’) 
predominantly for RCP4.5 and RCP8.5 respectively.  

• For rainfall there is large model-to-model variation in projected annual and seasonal rainfall 
changes. Taking the average across the subset of sixteen RCMs there is ‘little change’ 

                                            
9 Six of the climate projects come from GCMs that have been statistically downscaled and are available from the NASA 

Earth Exchange Global Daily Downscaled Projections (NEX-GDDP) project. Two of the GCMs that were dynamically 
downscaled by the Met Office as part of the MONRE (2016) national climate projections have also been used for this 
project. 

10 The focus on the 2050s rather than the 2080s following discussion with the PPTA team as this period corresponds 
to the schemes proposed design life.  
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annually for RCP4.5 and for FIMS including RCP8.5. For NEMS and SIMS the multi-model 
mean is showing ‘wetter’ (RCP4.5) and ‘much wetter’ (RCP8.5) conditions. 

 

Figure 5 Scatter plot of projected changes in temperature (Δ°C) and rainfall (%) for the RCP4.5 and RCP8.5 

scenarios for the Binh Thuan province. The projected changes in grey display the MONRE (2016) changes 
as squares for the Binh Thuan province (RCP4.5 left and RCP8.5 right), and the Vietnam Climate Futures 
projected changes for the central highlands for RCP8.5 as diamonds. The projected changes selected for 
this project are in colour, whereby triangles and circles represent RCP4.5 and RCP8.5 respectively (Source: 
Met Office). 

Models have been selected to provide a broader range of sensitivity scenarios by employing ‘The 
Climate Futures Framework’ (Whetton et al., 2012) methodology. It classifies the projected 
changes from the full suite of models made available into categories defined by two climate 
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variables, in this case mean temperature and rainfall. From there models can be grouped into 
different categories which are defined as ‘Climate Futures’ (Katzfey et al., 2014). The models 
were selected based on the following scenario descriptions: RCP4.5 ‘warm and wet’, RCP8.5 
‘hotter and wet’, and RCP8.5 ‘hotter’ or ‘hotter and drier’ dependant on likelihood and results for 
specific provinces. 
Box 3 shows the models that were selected for Binh Thuan province and Box 4 presents the same 
information for Dak Lak. The plot shows the monthly average of daily precipitation and median 
estimated PET mid-century (2041 to 2070) percentage changes applied to the models historical 
period (1976 to 2005) for each scenario. This in turn provides some simplified scenarios storylines 
for case study work:  
 
For all 2050s scenarios: 
 

• The magnitude and frequency of floods is likely to increase due to the longer and wetter 
monsoon conditions.  

• The number of heat waves is projected to increase with a range of 3 to 6 days for the central 
highlands, with an increase in duration again of around 3 to 6 days. The hotter scenarios are 
likely to see the top end of these estimates. 

• The number of hot days (maximum temperature exceeds 35°C) is projected to increase by 15 
to 20 days per year. 

• Although there are likely to be short droughts, the likelihood of very long duration droughts is 
decreased. 

• In coastal areas there will be small increases in sea levels of 100 to 400mm and related ground 
water intrusion. 

  



15 

 

 
 

Box 3 Bin Thuan, 2050s sensitivity scenarios 

Figure 6 shows the models that were 
selected for Binh Thuan province for the: 
RCP4.5 ‘warm and wet’ (blue line), RCP8.5 
‘hotter and wet’ (green line), and RCP8.5 
‘hotter’ (red line) scenarios. The bar and 
line plot shows the monthly average of daily 
precipitation and median estimated PET 
mid-century (2041 to 2070) percentage 
changes applied to the models (grey line) 
baseline period (1976 to 2005) for each 
scenario  

(Source: Met Office). 

 

 

Scenario 1 (RCP4.5 - NorESM1-M-STAT) 
is a 'warm and wet' scenario under a 

lower emissions with warming of just over 1°C.  

• Increases in rainfall at the beginning and end of the SW monsoon and may prolong the wet season and 
the period when rainfall is greater than evaporation.  

• Warmer conditions (and a longer duration of wet soil conditions) will increase evapotranspiration by 
around 5 mm/month in the critical pre-monsoon period. 

• The overall increase in rainfall will increase seasonal river flows by ca. 27% at Song Mong and Bau 
Bau reservoirs, as well as increase the amount of groundwater recharge.  

Scenario 2 (RCP8.5 – CNRM-CM5-DYN) is a 'hot and wet' central scenario under high emissions with a 
warming of almost 2°C in this province. 

• It has similar annual rainfall with increases during the SW monsoon and decreases in other seasons.  

• There may be a shorter but more intense monsoon season under this scenario.  

• Hotter conditions (and a longer duration of wet soil conditions) will increase evapotranspiration by 
around 10 mm/month in the critical pre-monsoon period. 

• The overall increase in rainfall will increase seasonal river flows by ca. 11% at Song Mong and Bau 
Bau reservoirs, as well as increase the amount of groundwater recharge. 

Scenario 3 (RCP8.5 – GFDL-CM3-STAT) is a hotter scenario under high emissions with a warming of 
2.6°C.  

• It has a drier start to the SW monsoon season and is likely to have a delayed onset in drier years.  

• Hotter conditions will increase evapotranspiration by around 13 mm/month in the critical pre-monsoon 
period. 

• The overall changes in rainfall and larger increase in PET will reduce river flows by ca. -14% at Song 
Mong and Bau Bau reservoirs, as well as decrease the amount of groundwater recharge. 
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Box 4 Dak Lak, 2050s sensitivity scenarios 

Figure 7 shows the models that were 
selected for Dak Lak province for the: 
RCP4.5 ‘warm and wet’ (blue line), 
RCP8.5 ‘hotter and wet’ (green line), 
and RCP8.5 ‘hotter’ (red line) 
scenarios. The bar and line plot shows 
the monthly average of daily 
precipitation and median estimated 
PET mid-century (2041 to 2070) 
percentage changes applied to the 
models (grey line) baseline period 
(1976 to 2005) for each scenario  

(Source: Met Office). 

 

Scenario 1 (RCP4.5 – CCSM4-STAT) 
is a 'warm and wet' scenario under a 
lower emissions with warming of just 

over 1°C.  

• Increases in rainfall throughout the southwest monsoon season and second inter-monsoon period may 
prolong the wet season and the period when rainfall is greater than evaporation.  

• Warmer conditions (and a longer duration of wet soil conditions) will increase evapotranspiration by 
around 6 mm/month in the critical pre-monsoon period. 

• The overall increase in rainfall will increase annual average river flows by ca. 22%, as well as increase 
the amount of groundwater recharge. 

Scenario 2 (RCP8.5 – CNRM-CM5-STAT) is a 'hot and wet' central scenario under high emissions with a 
warming of 1.5°C in this province.  

• It has similar annual rainfall with increases during the southwest monsoon season, greater increases 
during the second inter-monsoon period, and decreases in other seasons.  

• There may be a shorter but more intense monsoon season under this scenario.  

• Hotter conditions (and a longer duration of wet soil conditions) will increase evapotranspiration by 
around 8 mm/month in the critical pre-monsoon period. 

• The overall increase in rainfall will increase annual average river flows by ca. 8%, as well as increase 
the amount of groundwater recharge. 

Scenario 3 (RCP8.5 – CNRM-CM5-DYN) is a hotter scenario under high emissions with a warming of 
2°C.  

• It has a drier end to the southwest monsoon season and perhaps a slight decrease in the second inter-
monsoon rainfall and is likely to have a delayed onset in drier years.  

• Hotter conditions will increase evapotranspiration by around 10.5 mm/month in the critical pre-monsoon 
period. 

• The overall changes in rainfall and larger increase in PET will reduce river flows by ca. -13%, as well 
as decrease the amount of groundwater recharge. 

In table 3 for each scenario, a summary of annual provincial level changes for precipitation, 
evapotranspiration and temperature are shown. A detailed literature review, analysis and data for 
each province are provided in Appendix 2: Project Literature Review to   
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Appendix 6 Projected climate and climate change scenarios. 
Table 3 – Summary of annual provincial level changes in precipitation (P %), 

evapotranspiration (PET %) and temperature (ΔT °C) for each scenario. 

 Province and Scenario Number 

Annual 

change 

in 

Binh Thuan Ninh Thuan Kanh Hoa Dak Lak Dak Nong 

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

ΔT (°C) 1.1 1.8 2.6 1.1 1.5 2.6 1.1 1.8 2.6 1.1 1.5 2.0 1.2 2.1 2.7 

P (%) 28 -12 4 27 1 5 3 -10 7 8 17 -8 8 -8 7 

PET (%) 3 6 8 3 5 8 3 6 8 4 5 7 4 7 9 

Note: Colour scale indicates significance of changes  

4 Vulnerability to future climate and socio-economic changes  
 

4.1 Vulnerability of drought affected provinces  
 
Climate vulnerability is normally defined in terms of exposure to hazards, sensitivity and adaptive 
capacity (IPCC, 2007)11.  In the context of this study, farmers in the drought affected provinces 
are exposed to droughts, tropical cyclones (coastal provinces), floods and other hazards (heat-
waves, rising sea levels, landslides). Prior to the 2015 drought, the frequency of events and overall 
losses in Vietnam as a whole were greatest due to floods and tropical cyclones (EM-DAT, 2015).   
In vulnerability assessments simplified indicators are often used, such as population density and 
ecological status, to map sensitivity and adaptive capacity. For example, if a province with a dense 
population is exposed to hazards then the damage and loss is likely to be greater than for a 
province with low population density.  Similarly adaptive capacity is normally estimated using 
indicators such as the Human Development Index (HDI) and measures of access to services, like 
water, electricity and healthcare (e.g. UNESCO, 2015). In terms of these types of measures the 
five provinces in Vietnam have relatively low vulnerability compared to surrounding areas 

                                            
11 Exposure is defined as the degree that natural and manmade systems are exposed to significant climatic variations;  

Sensitivity refers to the degree to which a system is affected, either adversely or beneficially, by climate-related 
stimuli;  

Adaptive capacity is the ability of a system to adjust to climate change (e.g. in practices, processes, structures, etc.) 
to moderate the potential damage from projected or actual changes in the climate, to take advantage of its 
opportunities, or to cope with its consequences. It is influenced by the level of socioeconomic development, 
technology, institutions, and infrastructure.  
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(Table 4 and Figure 8). Of the five drought affected provinces,  Nin Thuan and Dak Nong have a 
higher proportion of people living in poverty and the lowest HDIs.  

Table 4: Relative vulnerability compared to provinces in other Mekong countries 
(Myanmar, Thailand, Laos, Cambodia, Vietnam) (UNESCO, 2015).  

Province  Population 
Density 
persons/km2  

Population  
‘000 

Poverty % HDI index  Vulnerability 
index   

Dak Nong  85 553.2 32.5 0.68 0.26 (Low) 

Bin Thuan 154 1201.2 21.4 0.71 0.27(Low) 

Dak Lak 139 1827.8 30.3 0.69 0.29 (Low) 

Kanh Hao  229 1192.5 15.5 0.74 0.29 (Low) 

Nin Thuan 175 587.4 34.5 0.66 0.3 (Low) 

 

4.2 Household Surveys  
 
The Mid-Term review included some information on household conditions (and further detailed 
analysis is in progress) (PRIMEX, 2017).  The key findings were as follows:  

• There are 39,000 households in eight command area that will benefit from the project, of 
which 7,000 are ethnic minority households, 20-30% being poor households.  

• Poverty rates are higher in ethnic minority (EM) groups because of the barriers identified 
as (i) a lack of agricultural land (some families are even landless); (ii) low education levels 
and language barriers, and (iii) low incomes from rice cultivation and forest product 
extraction.  

• According to the MTR, the overall impacts of subprojects are likely to include (i) more 
reliable access to water, especially during periods of drought; (ii) reduced pumping costs 
because of access to more reliable water surface irrigation supplies; (iii) increased yields 
and productivity of crops and (iv) opportunities for crop diversification into higher value 
crops.   

• There are potential social issues associated with the project that include (i) poor 
households and EM people are less likely to benefit from subprojects compared to other 
social clusters; (ii) the high cost of water efficiency and agricultural technology and those 
for the conversion to HVCs will constrain the adoption of modern irrigation methods; (iii) 
in some subprojects (such as in Khanh Hoa and Dak Nong), some conflict over water 
balance/sources may arise leading to social issues and poor households are likely to be 
disadvantaged further from this situation.  
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Figure 8. Vulnerability index in the Mekong countries 

 

Source: UNESCO, 2015.  

 

Study area 
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This highlights the need for a significantly better management and coordination of water 
distribution (PRIMEX, 2017) as well as the opportunity for some targeted activities, such a 
providing grants or access to finance for lower income or EM groups adoption of water efficient 
techniques.  
 
The household survey included a number of questions around the use of water, agricultural 
issues, family/gender roles and access to services and information that could inform a more 
detailed assessment and help to identify further projects to support WEIDAP implementation 
in the poorer provinces and for the lower income farmers.  
 
These questions include: 
 
Q15 Type of Water supply do you have? (will be used to understand vulnerability during more 
extreme droughts)  
Q24 Who takes the main responsibility for following activities in your family? (Understand the 
gender / age balance for different activities)  
Q25.What are the most serious issues (problems) that your family currently faces in 
agriculture.(To understand the relative importance of drought and water scarcity compared to 
other factors)  
Q27 Are you member in any local group/ organization? (To understand access to support 
networks)  
Q33 What are the main sources of information on climate change? (To think about ways of 
providing climate information).  
Q37 Onwards on details about water use etc....(particularly for Bin Thuan and Dak Lak) 
(TT, pers. comm..Awaiting further information from PPTA).  
 

5 Climate risks  
 
The WIEDAP project was developed in response to extreme drought conditions but there are a 
wider range of risks that could impact on the project. Section 3 presented climate change 
scenarios, including the development of three simple climate futures:  
 
Scenario 1 is a 'warm and wet' scenario, under lower emissions, with warming of just over 1°C 
in the coastal provinces and a significant increase in average annual river flow and recharge.  
 
Scenario 2 is a 'hot and wet' central scenario under high emissions with a warming of 1.5oC in 
highland provinces and almost 2°C in coastal provinces. It has similar changes in annual rainfall 
but the increase in evaporation translates to small increases in river flow and recharge.   
 
Scenario 3 is a hotter scenario under high emissions with a warming of 2°C in the highland 
provinces and 2.6°C in the coastal provinces. It has a drier start to the SW monsoon season and 
is likely to have a delayed onset in drier years. Flow and recharge decrease under this scenario.  
 
5.1 Risks affecting all provinces  

 

The following section considers a wide range of risks, building on a USAID review in 2017 for 
Vietnam (USAID, 2017), categorises risks as low, medium or high (based on interpretation of 
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project reports, research literature and expert opinion) and where possible quantifies change 
based on the available data. Risks are summarised in the form of a “scorecard” in Table 5 with 
further details of the research literatures and modelling that underpins this assessment in the 
appendices.  
 

Table 5: General scorecard of climate risks for three simplified climate futures  
(Yellow~low risk; orange~medium risk; red~high risk; +/- indicating direction and 
magnitude of changes)  

Climate risk  Warm and 
wet 

Hot and 
wet 

Hotter 
scenario  

Comments  

Water resources      

Increase in evaporation ~ 
increasing crop water 
demand and reservoir losses  

+3~4% +5~6% +7~8% 
Estimated based increase in 
temperature for each scenario 
and ETo formula.   

Change in annual average 
river flows (risk to water 
availability) 

+22~27% 
(increase) 

+10~11% 
(increase) 

-13~14% 
(decrease) 

Estimated based on case study 
modelling on 3 river basins. In 
the hottest scenario, high ETo 
and delayed monsoon rains 
reduce water flow. 

Decrease in groundwater 
table due to decrease in 
groundwater recharge  

 (increase) (increase) (decrease) 

Expert opinion; increases under 
wet scenarios but some 
reductions in the hotter scenario 
may reduce groundwater levels. 

Saline intrusion into 
groundwater, reducing 
quality  

+  
(increase) 

++  
(increase) 

++  
(increase) 

Higher rates of sea level rise 
with higher rates of warming; up 
to 0.1% land area loss in BT for 
0.5 m sea level rise.  

Agriculture      

Crop yield loss and damage 
to perennial crops due to 
extreme drought beyond 
WEIDAP level of service  

-  + + 

Expert opinion; by definition 
water supply will be limited 15% 
of the time and the chance of an 
extreme drought like 2015 is 
high. 

Reduced crop productivity 
from loss of arable land due 
to water-logging 

+ 
No 

change 
No 

change  

Expert opinion; under the wettest 
scenarios there may be drainage 
issues. 

Crop losses due to flood 
damage  

+ + + 
Expert opinion; there will be 
flooding in all scenarios  

Reduced crop productivity 
due to heat waves  

No change 
No 

change 
- 

Expert opinion and analysis of 
historical crop yield data that 
shows some sensitivity to higher 
temperatures. 

Shifting of production zones 
to higher elevations  

No change +/- +/- 

Expert opinion; rising 
temperatures are not expected 
to exceed envelope for target 
crops  

Shift in growing cycle – 
shorter seasons or delayed 
planting  

? ? ? 
 

Increased reproduction and 
spread of harmful pests  

Unknown Unknown Unknown 
(e.g., rice-feeding ear-cutting 
caterpillars) 

Infrastructure      

Destruction of water 
infrastructure  

++ + + 
Expert opinion; the risk of flood 
damage is high. Pipe river 
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crossings, weirs, and pumping 
stations in floodplains at highest 
risk; coastal province assets set 
back from coastline.  

Damage to roads, disrupting 
the movement of agricultural 
goods. 

+ + + 
Expert opinion; river crossings 
highest risk. 

Disruption of energy supply 
networks  + + + 

Electricity supply must be 
resilient to flooding and sufficient 
during peak demand periods.  

 
Risks to agricultural water supply depend on the balance between changes in seasonal rainfall 
and increased evapo-transpiration. Overall the risks appear to be ‘low’ to ‘medium’ by the 2050s 
under the three climate futures. The hydrological modelling for case studies shows that flows are 
likely to increase under most future scenarios (‘warm and wet’, ‘hot and wet’ and MONRE RCP 
scenarios). However reductions in flow cannot be ruled out and it is possible for water availability 
to decline by the 2050s in the hotter scenario, when monsoon rainfall is lower and evaporation 
has increased. Natural groundwater recharge follows a similar pattern to river flow under the three 
scenarios, with a potential decline in levels under the hotter scenario. However rates of 
groundwater abstraction may increase under this scenario, which would lower levels further. 
Saline intrusion is a ‘high’ risk for the coastal provinces; a 50 cm rise in sea level in provinces 
such as Bin Thuan could inundate around 0.1% of the land area (MONRE, 2016) and contaminate 
groundwater across a larger area.     
 
Risks to agricultural yields and farmer livelihoods are linked to the frequency of extreme 
conditions, including floods, droughts and heat waves. Although drought risks are substantially 
mitigated by the WEIDAP project there will still be years when there is insufficient water supply 
when the command area may be reduced with losses to annual crops. Risks are regarded as high 
under the hottest scenario, where scheme reliability may be substantially reduced. Under climate 
change scenarios with a declining water balance or in response to socio-economic changes that 
lead to greater abstraction or lower than expected uptake of water efficient techniques, there is 
likely to be a trade off between the size of the command area, reliability and the choice of crops 
grown by farmers.   
 
Risks to crop yield due to changes in seasonal temperatures or water-logging are regarded as 
low to medium risk under these scenarios. An analysis of historical data shows that yields in these 
provinces have generally increased over time with little sensitivity to average rainfall or 
temperatures. This may change if specific crop thresholds are reached but the choice of crops 
appears to be suitable under warmer conditions, as long as water is available for irrigation.  Shifts 
in crop suitability and planting dates etc.... are regarded as ‘low’ risk for the 2050s. There may be 
risks related to pests and diseases in a changing climate but there is insufficient evidence to 
categorise these risks.  
 
Risks to WEIDAP are regarded as medium to high from river and coastal flooding. Under the 
wettest scenario, flood risk is regarded as high and the most vulnerable components of WIEDAP 
infrastructure are river crossings for irrigation pipes and roads that serve these areas. It was noted 
in the Mid Term Review that higher value crops require better drainage than rice and that this was 
not assessed as part of the feasibility studies; proper hydraulic design will be required at the 
detailed design stage. Finally the success of the pumped irrigation systems depends on a reliable 
power supply, which may be at risk if electricity sub-stations and networks are exposed to flood 
risk or if electricity demand exceeds supply at any time.   
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5.2 Specific risks for case studies in Bin Thuan and Dak Lak  
Binh Thuan: Du Du-Tan Thanh Subproject 
 
Background  
 
In Bin Thuan, this sub-project involves the improvement of the irrigation canal and a piped system 
(gravity), served by Song Mong and Bau Bau reservoirs. The sub-project is in a dragon fruit area 
and efficient water distribution is expected to increase the dragon fruit area from around 1460 ha 
to 1960 ha. The system is fairly complex with diversion canals, irrigation canals and command 
areas as shown below (Figures 9 and 10). At present it is assumed that groundwater can provide 
supplies for around 40% of the command area and therefore the surface water scheme is deemed 
sufficient to meet the remaining demand (IWRP, 2016; PRIMEX, 2107).  
 
The water balance studies showed that the Song Mong could provide the required water supply 
with a reliability of 85% (IWRP, 2016). In the simulation completed by IWRP reservoir levels fell 
below the dead water level just twice in a 36 year simulation (excluding 2015). In addition climate 
change simulations using a wet MONRE 2016 scenario showed a small improvement in reliability 
but it is unknown whether this simulation also considered impacts on the water demand due to 
increased evaporation (Figure 11).  
 
Figure 9: Water resources system of inter-connected reservoirs and canals (Source: IWRP, 
2016).  
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Figure 10: Layout of gravity piped system and command area for Du Du Tan Thanh 

(Source: PRIMEX, 2017)  

 

 

Figure 11: Reservoir simulation for Song Mong with the sub-project and for baseline 

conditions (blue) and MONRE 2016 RCP8.5 climate change scenario (grey). Source: 

IWRP.  

 

Sensitivity of the water balance to different climate futures  

The MONRE 2016 climate scenario is relatively wet and indicates an increase in average annual 
river flows of around 16% for the 2050s. The modelling results for three further scenarios are 
shown in Figure 12; this shows that flows increase under scenario 1 and 2 but decrease under 
scenario 3, the hottest scenario where rainfall declines and evaporation increases.  
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Figure 12: Average flows at Song Mong for baseline and future climate change scenarios  

 

 

 

Other specific climate risks  
 
The project command areas include some lowland areas near the coastline, which may 
be affected by saline intrusion as sea levels rise.  The MONRE (2016) climate change 
scenarios suggest that 0.10% of Bin Thuan would be inundated by sea water for a 50 cm 
rise in sea level. Although groundwater abstraction may be reduced as it is replaced by 
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surface water and potentially recharge may increase, saline intrusion is a risk in this area. 
It would impact on the low lying eastern edge of the scheme.  
 
The project is designed for increased dragon fruit production. Dragon fruit is a tropical 
plant that grows well up to temperatures of 38 oC. According to FAO, dragon fruits are 
fairly robust plants, well suited to southern Vietnam12:   
 

- To obtain optimal yield and quality, the dragon plant should be grown in fertile soil 
with irrigation; good drainage should be provided during the rainy season since the 
root system of the dragon plant is susceptible to water-logging.  

- Dragon-fruit plants do not seem to be susceptible to pests and diseases. Only 
minor pests are encountered - aphid (Pentalonia nigronervosa), mealy bug 
(Pseducoccus brevipes) and ants (Solenopsis geminata, Iriidomyrmex humilis and 
Pheidole megacephala) which can be easily controlled by common insecticides. 
Collar rot (Phytopthora sp.) and root rots (Fusarium sp., Alternara sp.) are the two 
main diseases, which can be controlled by fungicides. Weeds are normally 
controlled manually, and the residue is to be left to cover the hole as mulch. 

 
Under any future climate scenario there will still be both floods and droughts, including 
events similar to the recent 2015 drought. Extreme hydrological droughts are likely to be 
more severe and more frequent under the hottest scenario; the biggest impact on the 
scheme benefits would be an extreme drought in the first five years after development.    
 
The mid-term review identified 12 large creeks across the service area and therefore a 
flood risk. “Catchment areas and design floods have been estimated (the maximum 
design flood is 37.4 cumecs) and outline designs prepared for the branched pipe network 
option, and costed.”  Any significant flood damage at the beginning of the project would 
increase costs significantly and it is expected that flood risks will be considered in detailed 
design.  
 
Considering these specific risks the following assumptions were used for ‘stress testing’ 
this sub-project Table 6.  
 

Table 6: Specific ‘medium’ to ‘high’ climate risks assumptions for consideration in 

adaptation assessment   

Climate risk  Warm and 
wet 

Hot and 
wet 

Hotter 
scenario  

Comments  

Water resources      

Reduction in command 
area due to increased 
demand and change in water 
availability    

No change  
No 

change  
-20% (-
100 ha) 

Trend over 25 years; based on 
change in river flows and 
increase in demand due to 
higher evaporation rates.   

                                            
12 http://www.fao.org/docrep/008/ad523e/ad523e05.htm  

http://www.fao.org/docrep/008/ad523e/ad523e05.htm
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Level of service of irrigation 
scheme    

Improved 
(90%) 

No 
change 
(85%)  

Declined 
(70%) 

Trend over 25 years. Change in 
reliability of irrigation system.  

Saline intrusion into 
groundwater, loss of 
command area or increased 
demand for surface water  

-1% -2.5%  -5% 

Trend over 25 years. Loss of 
groundwater in the coastal 
areas, which are also at the tail 
end of the pipe systems. 

Agriculture      

Crop yield loss and damage 
to perennial crops due to 
extreme drought beyond 
WEIDAP level of service  

+ ‘late’ 
drought 

+ ‘mid’ 
drought  

+ ‘early 
drought’  
+ ‘late’ 
drought  

Modelled as a climate shock. 
Extreme droughts, similar to the 
2015 drought period with 40-70% 
less water available.  

Crop losses due to flood 
damage  + early 

flood 
+ mid 
flood  

+ late 
flood 

Modelled as a climate shock. 
Floods causing loss of annual 
crops in 25% of the command 
area and damage to perennials  

Infrastructure      

Destruction of water 
infrastructure  

+ early 
flood 

+ mid 
flood  

+ late 
flood 

Modelled as a climate shock. 
Damage to water off-take and 
main gravity pipes 

 

Dak Lak case study  
There are five separate schemes in the Central Highland’s Dak Lak province; each involves 
existing surface water reservoirs and in four cases the use of piped systems to supply farms 
growing coffee and black pepper. These systems include a pumping station and distribution pipe 
network with 60 mm hydrants for farmer connections for 5 hectare plots. The current designs 
assume pumping to header tanks and then the use of a gravity pipe system. Farmers near 
reservoirs (500 m) can pump water directly and these schemes are designed for farmers between 
500m and 1km from each reservoir; groundwater is also used but farmers with unreliable are 
reluctant to invest in high-value perennial crops because there are water shortages in dry years.  
 
This case study focuses on the Trung Tam scheme (Ea Drang Town), which supplies just 150 ha 
from the total 2537 ha serves by these sub-projects. The Trung Tam reservoir has an upstream 
river basin of 56.4 km2, reservoir inflows of around 0.94 Mm3 and an effective storage volume of 
around 1.1 Mm3. The critical period of irrigation is February to April. IWRP modelled river flows 
with the MONRE scenarios and for the three sensitivity scenarios as shown in Figure 13.  
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Figure 13: Average flows at Trung Tam for baseline and future climate change scenarios  

 

 

 
The results are similar to the Bin Thuan case, with a reduction in flows for the hotter scenario and 
increases in annual average flow for the wetter scenarios and the MONRE 2016 scenarios. 
However there are some reductions in water availability and therefore reservoir refill in the May 
to August period.   
 
Temperature rises in the highlands are not as severe as for the coastal provinces. Information in 
the mid-term review, suggests that there are water shortages in dry years but IWRP modelling 
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shows that the reservoir has ample storage to supply this scheme under baseline conditions13. 
The baseline water resources model for Trung Tam showed that it only draws down to ‘dead 
storage’ on one occasion in 25 years.  

 

Figure 14: Baseline simulation of Trung Tam reservoir.  

 

 

There are clearly no coastal risks but there may be issues with erosion on the steeper slopes and 
infrastructure like service roads to header tanks will need to be carefully designed. Overall the 
risks to this scheme appear to be low to medium and therefore some moderated assumptions for 
stress testing are included in Table 7.  

 

Table 7: Specific ‘medium’ to ‘high’ climate risks assumptions for consideration in 
adaptation assessment   

Climate risk  Warm and 
wet 

Hot and 
wet 

Hotter 
scenario  

Comments  

Water resources      

Reduction in command 
area due to increased 
demand and change in water 
availability    

No change  
No 

change  
-10% (-15 

ha) 

Trend over 25 years; based on 
change in river flows and 
increase in demand due to 
higher evaporation rates.   

Level of service of irrigation 
scheme    

Improved 
(90%) 

No 
change 
(85%)  

Declined 
(70%) 

Trend over 25 years. Change in 
reliability of irrigation system.  

Agriculture      

                                            
13 The assumptions on this modelling are not completely transparent as there is only a short summary document in 

English.  
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Crop yield loss and damage 
to perennial crops due to 
extreme drought beyond 
WEIDAP level of service  

+ ‘late’ 
drought 

+ ‘mid’ 
drought  

+ ‘late’ 
drought  

Modelled as a climate shock. 
Extreme droughts, similar to the 
2015 drought period with 40-70% 
less water available.  

Crop losses due to flood 
damage or erosion on 
stepper slopes  

+ early 
flood 

+ mid 
flood  

+ late 
flood 

Modelled as a climate shock. 
Floods causing loss of annual 
crops in 25% of the command 
area and damage to perennials  

Infrastructure      

Destruction of water 
infrastructure  

+ early 
flood 

+ mid 
flood  

+ late 
flood 

Modelled as a climate shock. 
Damage to water off-take and 
main gravity pipes 

 
6 Adaptation assessment  
 
This section (i) summarises adaptation activities from the research literature and the extent to 
which these are included in WEIDAP and (ii) uses the simplified climate futures and risk 
assessment to stress test two cases studies under the baseline case and with WEIDAP. These 
two strands of evidence are then brought together to recommend refinements, the development 
of strategically aligned projects and WEIDAP monitoring requirements.    
 
6.1 Adaptation of Vietnam agriculture literature review  
 
A literature review has been performed to identify climate adaptation activities and their status in 
WEIDAP for C1: Institutional, C2: Modernised Irrigation systems and C3: On-farm management 
(Table 8). The adaptation activities include capacity building and training, sustainable production 
techniques, climate insurance and financing, payment for environmental services, value chain 
adaptation, and policy (existing and developing). Their status in WEIDAP is measured as 
“included” (green), “partially included” (yellow) and “not included” (grey) and suggests if there is 
potential for further linked adaptation projects and considerations for detailed engineering 
design14. Alongside this the perceived level of technical difficulty (low, medium, high) and 
timescales (short-term, medium-term and long-term) are stated. 

                                            
14 The WEIDAP concept is for modern irrigation and farming for high-value crops, therefore the on-farm adaptations in 

the research literature that are aimed at subsistence farming are clearly less relevant. On the other hand there are 
risks related to high input/HVC monocultures that could be managed using some of the measures listed in Table 7.    



31 

 

 
 

Table 8: Climate adaptation activities in the research literature and their status in WEIDAP  

Key:  Opportunity for aligned project;  WEIDAP monitoring requirement;  potential for WEIDAP refinement  

Adaptations in the research literature  Source  Status in 
WEIDAP  

Technical 
difficulty 

Time 
scale 

Capacity building and training     

Farmers need to be linked with extension services that have the capacity to provide knowledge and 
instruments regarding climate change adaptation practices. The key problem arising for individual 
farmers is the lack of availability of technical information to help them make decisions on their 
production and processing. For example, farm diversification and individual farm risk management has 
not been a focus of Robusta extension in Vietnam.  In addition, government institutions should be 
supported with trainings and capacity building measures that enable them to integrate the coffee sector 
into existing and future national adaptation plans. 

Marsch, 2007 
Hagger and 
Schepp 
(2011)  

Included C1 
 

M 
 
 
 
 

M 

MT 
 
 
 
 

MT 

Sustainable production techniques ((i) Shade management, (ii) Conservation of soil and water 
sources and biodiversity is also expected to improve the resilience of the cropping system, (iii) 
Diversification, (iv) Improved access to climate information) 

    

(i) Shade management     

Integrate appropriate (drought-tolerant and economically useful) tree species within existing farming 
systems. At the farm level, these systems would: (1) provide shade for crops and animals; (2) 
ameliorate micro-climate conditions; and (3) provide additional biomass and income for farmers. 

CGIAR 
(2016) 

Partially 
included, 
C3.  
 

M LT 

There is other significant evidence that the coffee-based agroforestry system in the Central Highlands 
(Dak Lak and Lam Dong provinces) with durian, shade trees such as pepper’s poles, cashew, etc., has 
shown not only remarkably higher economic benefits (in comparison with the mono-culture coffee 
plantation), but also stable yields, less irrigation demands due to low evaporation rates and wind speed 
in the systems, and a potentially high rate of carbon sequestration through the accumulation of biomass 
in the system.  

Vernooy 
(2015) 

Status in 
WEIDAP 
unknown 
C3  
 
 

H LT 

Home gardens and forest gardens have been proven to be important in climate change adaptation. 
These agroforestry systems comprise diverse resilient species that have multiple uses, including food, 
feed and goods for cash. Agroforestry systems also increase resilience of an agricultural production 
landscape and buffer risks arising from climate change. Under severe climate events, resilient trees 
provide feed for cattle, shade for vegetables, and micro-climate for under-storey plants. Martius et al. 
(2004) showed that a well-developed canopy of an agroforestry system can protect soil macrofauna 
from temperature variation and drought stress.  

Nguyen, Q et 
al. (2012)" 

Status in 
WEIDAP 
unknown 
C3  
 
 

H LT 

(ii) Conservation of soil, water sources and biodiversity     

Soil management: Closely linked with water scarcity is the issue of soil management. Measures to 
enhance the resilience of soils (organic fertilisation, planting trees and bushes or legumes that help to 
prevent from soil erosion and landslides, dead and living barriers, enhancement of water storage 

Hagger and 
Schepp 
(2011) 

Status in 
WEIDAP 
unknown 
C3  

M MT 
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Adaptations in the research literature  Source  Status in 
WEIDAP  

Technical 
difficulty 

Time 
scale 

capacity of the soils, etc.) should be identified and implemented early enough to avoid serious damages 
and yield loss.  

 
 

Diversification can act to restore the degraded natural resource base or to enhance the value of natural 
resources. For example, cropping systems have been diversified or new cropping systems have been 
introduced in situations where it is deemed critical to retain or enhance the value of natural resources, 
especially land and water. 

CGIAR 
(2016) 
 

Included C1  
  
 

L MT 

Stabilize slopes with tree-based systems. Trees have soil-anchoring functions and thereby control soil 
erosion and prevent landslides. Controlling soil erosion in cultivated sloping lands prevents 
sedimentation in water courses, including dams and reservoirs, thus extending the life-spans of these 
infrastructures. 

As above Not 
relevant – 
no steep 
slopes 

M LT 

Water management/irrigation: Water management should be analysed profoundly and measures to 
enhance efficiency should be identified in a participatory manner together with farmers.     
For the water sector planned interventions must consider both supply side and demand side solutions. 
On the supply side, adaptation options involve increased storage capacity or abstraction from water 
courses. Demand-side options, like increasing the allocative efficiency of water to ensure that 
economic and social benefit is maximised with the aim to increase value per volume used and to ensure 
that quality is maintained.  

Hagger and 
Schepp 
(2011), 
Inglesias and 
Garrote 
(2015) 

Included 
C1, C2, C3  
 

M MT 

By Improving the tree cover of watershed areas with mixed multi-purpose species. Trees provide 
buffering functions and maintain healthy watersheds. Water stored in watersheds is essential for 
mitigating the impacts of drought. 

CGIAR 
(2016) 

Not 
included C3 
 

L MT 

Row spacing and plant density are the most important cultural practices to determine crop yield. High 
populations heighten interplant competition for light, water and nutrients. Therefore, optimal row 
spacing and density are easy ways to improve productivity especially in the context of water shortage 
(Phan, 2014). 

Thang and 
Huong 
(2015) 

Included C3 L ST 

Sustainable coffee cultivation practices: related to above mentioned concerns regarding water and 
soil management, sustainable cultivation practices should be applied in general, including re-
/aforestation and avoiding further deforestation, because this will further reduce the resilience of coffee 
plantations and the agro-eco-system as a whole. The application of standards like 4C 
(http://www.globalcoffeeplatform.org/) or Rainforest Alliance (http://www.rainforest-alliance.org/), 
which also already integrate climate aspects, should be supported strongly.  

CGIAR 
(2016) 

Partially 
included 
C1, C3 

M MT 

Response to changes in water availability: Innovation: water use efficiency; improve soil moisture 
retention capacity; small scale reservoirs on farmland; water reutilisation; setup/re-negotiate allocation 
agreements; set clear water use priorities; integrate demands in conjunctive systems.  

Inglesias and 
Garrote 
(2015) 

Included 
C2 

H LT 

Response to floods and droughts: create/restore wetlands; enhance flood plain management; 
improve drainage systems; farmers as ‘custodians’ of floodplains; hard defences; increase rainfall 
interception capacity. 

As above Partially, 
C2 

H LT 
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Adaptations in the research literature  Source  Status in 
WEIDAP  

Technical 
difficulty 

Time 
scale 

Response to deterioration of water and soil quality: Improve nitrogen fertilisation efficiency which 
reduces agricultural diffuse pollution; Soil carbon management and zero tillage (preparation of land for 
growing crops) which reduces soil erosion and improves soil retention capacity; protect against soil 
erosion which reduces land degradation; addition of organic materials into soils which recovers soil 
functions.  

As above Status in 
WEIDAP 
unknown 
C3  
 

M MT 

Response to loss of biodiversity: Increase water allocation for ecosystems which improves 
ecosystem services; maintain ecological corridors which improves biodiversity with positive 
consequences; improve crop diversification (section iii) which improves biodiversity. 

As above Partially, 
C2  
(design 
considered 
ecological 
flows)  

H LT 

(iii) Diversification     

Diversification can significantly reduce the vulnerability of production systems to greater climate 
variability and extreme events, thus protecting rural farmers and agricultural production. At the within-
crop scale, diversification may refer to changes in crop structural diversity, such as using a mixture of 
crop varieties that have different plant heights. Crop (plants and animals) diversification can improve 
resilience in a variety of ways: (1) by improving ability to suppress pest outbreaks and dampen 
pathogen transmission, which may worsen under future climate scenarios; and (2) by buffering crop 
production from the effects of greater climate variability and extreme events. 

As above Status in 
WEIDAP 
unknown 
C3  
 

L ST/MT 

Given the high dependence on coffee as a monoculture in the central highlands, farmers are very 
vulnerable to climate risks like e.g. prolonged drought periods or devastating rainfalls and storms. To 
reduce this risk and to enhance the resilience of the agriculture production system, options to diversify 
production and farmers’ income should be identified. Diversification is the main tool that farmers have 
to reduce their individual farm risk. However, farm diversification is not always easy as there are often 
no clear profitable options and the financial costs of changing crops are high. The Government of 
Vietnam and MARD both support farm diversification and have an official diversification plan, which is 
disseminated from the provincial level down to the farm level. According to the FAO report from 2007 
a range of diversification options are being promoted such as rubber, cashew, pepper or annual crops 
such as corn, cassava or cotton. 

As above Included C1 L ST/MT 

Changing land use patterns and landscape management are options for long-term adaptation. Typical 
monocultures in the Central Highlands could be replaced with diversified cropping systems, which vary 
agricultural products (both cultivation and livestock). These diversified systems give rise to multiple 
sources of household income and promote resilience to climate change and extreme weather events. 

As above Partially 
included,  
C3 

M LT 

Diversification at the within-field scale may be done by allocating areas between and around fields 
where trap crops or natural enemy habitat may be planted. At the landscape scale, diversification may 
be achieved by integrating multiple production systems, such as mixing agroforestry management with 
cropping, livestock, and fallows, to create a highly diverse piece of agricultural land. In addition, 

As above Partially 
included,  
C3 

M LT 
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Adaptations in the research literature  Source  Status in 
WEIDAP  

Technical 
difficulty 

Time 
scale 

diversification can be created temporally as well as spatially, adding even greater functional diversity 
and resilience to systems sensitive to temporal fluctuations in climate. 

Deploy available drought-tolerant crop varieties during the dry season (winter-spring and spring-
summer cropping). 

As above Not 
included C3 

M MT 

Adopt climate change-suited cropping patterns. Crossbreed to create new species more adapted to 
the changing climate with increased tolerance for arid conditions, high salinity, flooding and pests. 
Modernize cultivation and stockbreeding techniques. Adopt scientific, efficient water management 
methods. Improve land management capacity to enhance land conservation. 

FAO (2011) Partially 
included,  
C3 

H LT 

(iv) Improved access to climate information     

Enhance the early warning systems for farmers. Outputs of current early warning systems can be 
scaled down using observed water availability in targeted areas. For example, data on the availability 
of groundwater can be used together with existing inputs (i.e. vegetation cover, climatic data and 
surface water level) to predict possibility of drought. Communities can also engage in participatory 
prediction processes so that outputs can be revised using local knowledge. Output resolutions of the 
improved system should be detailed enough (1 km x1 km) to be used at district or commune levels. At 
this resolution, heterogeneity of the target the areas will be maintained. 

CGIAR 
(2016) 

Partially 
included, 
C1 

H MT 

Vietnam has a network of hydrological and meteorological stations, comprising of surface-based 
meteorological stations, upper-air meteorological stations, agrometeorological stations, hydrological 
stations, marine meteorological stations, environmental observing stations, and air and water quality 
monitoring stations. However, the stations are distributed unevenly between regions, with varied station 
densities. There are currently 174 meteorological surface stations, 248 hydrological stations, 
seventeen marine meteorological stations and 393 independent rain gauge stations all over the 
country. Of the 174 surface-based meteorological stations, 145 stations have observation time series 
data for over thirty years, sixteen stations have data series for 20 to 30 years, and the rest have data 
records for below 20 years. Density is rather low in the Central Highlands. In an effort to strengthen 
hydro-meteorological capacity, the Government issued Decision 16/2007/QÑ-TTg dated 29 January 
2007 on approving the Master Plan of the National Natural Resources and Environmental Observation 
Network until 2020.  

Hagger and 
Schepp 
(2011) 

Included C1 M MT 

Vietnam has undertaken a substantial amount of research related to climate change and climate 
change response carried out by governmental agencies, science academies, universities, institutes 
and NGOs with international assistance at different levels and in various forms. However it is important 
to understand how this information is disseminated taking into account a range of sensitivities. The 
MONRE climate change high emission central estimates have been implemented for water resources 
studies in the WEIDAP project. Climate change should be included in flood protection design.  

As above Partially 
Included, 
C2  

H ST 

Climate insurance and Financing     

Financing and Insurances: Farmers’ access to financial support and risk management systems needs 
to be improved. The Vietnam Bank for Agriculture and Rural Development (VBARD) has been asked 

As above Not 
included 
 

H LT 
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Adaptations in the research literature  Source  Status in 
WEIDAP  

Technical 
difficulty 

Time 
scale 

to give preferential credit if farmers wish to follow diversification plans set up by local people 
committees to diversify out of coffee, particularly in areas, which are not suitable for coffee.  

Identify appropriate insurance mechanisms that could be piloted in trials and evaluate these for their 
suitability, acceptability and potential scalability. These could include weather-index based insurance 
schemes to protect smallholder farmers and agricultural businesses from financial impacts of extreme 
weather events, like drought, typhoons and floods. These schemes may address risks related to crop 
or livestock production, and could possibly extend to other non-conventional sources of risk in these 
systems. 

As above Not 
included 
 

H (lack of 
long-term 
historical 
data at 

provincial 
level) 

LT 

Identify innovative sources of funding for farmers. This would facilitate the adoption of Climate Smart 
Agriculture practices and improve farmers’ resilience to the impacts of climate change. 

As above Partially 
Included, 
C3  

M LT 

Payment for environmental services     

Forecast crop output, develop disaster and pest warning systems in agriculture, and improve 
telecommunication systems. 

FAO (2011) Not 
included 
 

H LT 

Encourage agricultural technology research and development. Through academia, private sector 
consultancies, NGOs, and government departments.  

As above Not 
included 
 

M LT 

Development of larger-scale diversified landscapes that support and improve ecological resilience in 
agricultural systems requires a more in-depth analysis of farm business and landscape-level scenario 
modelling for potential on-farm diversification schemes. In addition, stakeholder involvement and 
participatory research are useful tools in developing adaptation options that will have higher likelihood 
of uptake by the local community.  

CGIAR 
(2016) 

Not 
included 

H LT 

Value chain adaptation strategies     

Promote and incentivize broader private sector involvement. For instance, supply chain initiatives could 
be utilized as in-setting mechanisms where large buyers of agricultural commodities support farmers 
in adapting to climate change and reducing their emissions. This can create shared benefits by 
increasing the resilience of the supply chain and generate sustainable financing for farmers.  

As above Partially 
included, 
C1 

H LT 

Policy     

To support diversification, a level playing field in terms of policy support like remunerative prices for 
the crop, assured marketing for alternatives, value addition and processing is needed. Supportive 
policies could also include removing of subsidies for the cultivation of selected crops, encouraging 
land-use zoning and introducing differential land tax systems. Adoption of modern technologies (e.g. 
biotechnology) needs to be strengthened to increase productivity.  
 

As above Not 
included, 
C1 

H LT 

Promote adaptation measures that provide mitigation benefits (for instance tree integration) and can 
be linked to international carbon markets or emerging national initiative on emissions trading. 

As above Not 
included, 
C1 

H LT 
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Adaptations in the research literature  Source  Status in 
WEIDAP  

Technical 
difficulty 

Time 
scale 

Formulate guidelines for harvesting rainwater during rainy season, particularly for creating dams at the 
household scale in sloping areas. Government policies, technical and financial advices and subsidies 
should be taken into account in establishing an effective management mechanism. It might also be 
possible to adapt the ‘payment service’ model. 

As above Partially 
included, 
C2 

H LT 

Improve cultivation practices and land management by engaging agricultural extension agencies and 
by introducing and demonstrating intercropping and replanting techniques in connection with current 
government plans. 

As above Not 
included, 
C1 and C2 

M LT 

Explore comprehensive policies that will provide insurance for weather-related shocks. Such policies 
will minimize production risks and protect production assets. This is especially important in Vietnam 
where weather-related events are increasingly becoming the new normal and which has still relatively 
young, developing markets and institutions for asset protection products. 

As above Not 
included, 
C1  

H LT 

The development of national strategies for climate change should take a bottom–up approach, with full 
use of local knowledge, to take account of natural and social assets, which determines local 
communities’ specific vulnerability and adaptive capacity.  

Nguyen, Q et 
al. (2012) 

Partially 
included, 
C2 

H LT 

Water framework policy, promoting stakeholders and public participation in decision and policy making 
decisions. 

Inglesias and 
Garrote 
(2015) 

Included, 
C1 

H MT 

Planned and existing policy     

Biodiversity International and national institutions in Cambodia, Lao PDR and Vietnam are working 
together to identify the key elements needed to effectively implement policy measures for crop 
diversification targeted at farmers (including women) and ethnic minorities in the low and upland 
regions. Crop diversification is seen as an effective strategy to counter the uncertainties and risks 
associated with climate change while at the same time improving the livelihoods of smallholder farmers.  

Vernooy 
(2015)" 

Partially 
included, 
C2, C3 

M LT 

To reduce vulnerability, strengthen resilience and provide more sources of income and nutritious food 
for smallholder farmers, the Vietnamese government has identified several agricultural interventions 
as part of its national priority strategies to adapt to climate change. These measures include inter- and 
intra-species crop diversification, integrated farming, multiple cropping, agroforestry and development 
of the agricultural value chain. Vietnam has drafted a national adaptation programme of action for 
climate change (NAPA); however, NAPAs do not set out practical measures for their implementation.  

As above Partially 
included, 
C2 

M LT 

The government has issued the Green Growth Strategy (in 2012), the Strategy on Agricultural 
Restructuring towards Raising Added Value and Sustainable Development (in 2013) and the New 
Rural National Program. Current and past projects on crop diversification are not only consistent with 
but also help make these agricultural development policies concrete by increasing and stabilizing 
farmer incomes and promoting efficient adaptation to the climate change.  

As above Partially 
included, 
C1 

M LT 

At the ministerial level, MARD has issued four important policies: (1) the Action Plan Framework 
Response to Climate Change in Agriculture for the period 2008-2020, (2) the Action Plan on Climate 
Change Response of the Agricultural Sector for the period 2011-2015 and Vision to 2050, (3) the plan 
for Mainstreaming Climate Change into Strategic Development and Implementation, Plans, Programs, 

As above Included, 
C1 

M LT 
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Adaptations in the research literature  Source  Status in 
WEIDAP  

Technical 
difficulty 

Time 
scale 

Projects in the Agriculture and Rural Development Sector for 2011-2015 and (4) the Program of 
Greenhouse-Gas-Emissions Reduction in the Agricultural Sector to the Year 2020. In response to 
these policies, local and international NGOs have carried out many projects that support the 
government in achieving the objective of integrating climate change into agricultural development 
policies, including many crop-diversification projects. However, with regard to the response to climate 
change, project results are far from sufficient for achieving a national effect. The lessons learned from 
these projects, however, play an important role in shaping or redirecting national policies related to 
agricultural development and climate change. In addition, interventions for reducing greenhouse-gas 
emissions have been assessed and reported for rice-related systems. Other agroforestry practices that 
occupy a large area (such as coffee agroforestry in the Central Highlands), fruit trees, etc., have not 
been studied. 



 

6.2 Economic Evaluation of Climate Risks 

An economic and financial analysis has been prepared for the various WEIDAP subprojects, 

including Du Du – Tan Thanh in Binh Thuan Province and Ea Drang in Dak Lak.  Using the model 

prepared for that analysis it is possible to examine the economic viability of the subproject in the 

face of the various climate-related risks that have been identified.  The economic analysis 

examines the incremental benefits and costs of the project by comparing the situation “with” the 

subproject to that “without” it.  This analysis is in economic terms, meaning that prices are used 

that reflect the opportunity costs and benefits to the economy as a whole and that transfers from 

one part of the economy to another (such as taxes and subsidies) are excluded.  One of the major 

measures of the economic contribution of the subproject to the economy is the Economic Internal 

Rate of Return (EIRR).  To look at the effects of the identified climate risks on the subproject’s 

contribution and viability an examination is made of changes to the EIRR associated with each 

risk factor.  Appendix 8: Economic Evaluation of Climate Risks Table 1 (for Du Du – Tan Thanh) 

and Table 2 (for Ea Drang) present the various EIRRs associated with the risks discussed below.  

The base case EIRR for Du Du – Tan Thanh is 22.7% and that for Ea Drang is 20.2% 

6.3 Du Du - Tan Thanh Subproject, Binh Thuan Provinces 

Water Resources:  In the Warm/Wet and Hot/Wet scenarios no significant change in water 

resources is expected.  However, under the Hotter scenario it is possible that part of the 

subproject command area (1,960 ha) will gradually fall out of use due to water shortages caused 

by increased demand and higher evaporation rates.  This trend over the life of the subproject may 

cause the loss of 20% of the command area (CA), or 392 ha, involving an average decrease of 

0.54% per year starting in 2025.  If this were to happen the EIRR would drop from its base-case 

level of 22.7% to 22.1% --- a very small effect.  The rate of decrease would have to be 18.6% per 

year to reach the “switching value” at which the EIRR falls to its minimum acceptable level of 12%.   

Another risk associated with water resources is that the level of service of irrigation may decrease 

from the designed 85%.  This is not expected to be an issue with the Warm/Wet and Hot/Wet 

scenarios but under the Hotter scenario the level of service may drop to 70%.  Assuming that the 

area that can be covered by this decreased service is proportional to the drop in service relative 

to the designed service, a long term declining trend would drop the EIRR to 22.2% with a switching 

value similar to that above. 

Rising sea levels associated to climate change may cause saline intrusion, causing a loss of CA 

or an increased demand for the piped surface water of the scheme.  These risks are estimated to 

possibly cause a long term loss of 1% of the CA by the end of the project’s estimated life (of 25 

years) under the Warm/Wet scenario, 2.5% under Hot/Wet and 5% under the Hotter scenario.  As 

these levels of decline are much smaller than those discussed above, the EIRR shows almost no 

change, dropping to 22.6% only under the Hotter scenario. 

Agriculture:  An increase in extreme and extended droughts are a real risk of climate change in 

the region of Du Du – Tan Thanh. During periods of drought 40% to 70% less water may be 

available for crops.  For the economic test of this risk it is assumed that a serious drought affects 

the perennial dragon-fruit production of the area by 50% for three years and by 25% in the 

following year.  In the Warm/Wet scenario such a drought is assumed in the latter period of the 
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subproject’s life (starting in 2040).  The EIRR would drop only to 22.5%.  The Hot/Wet scenario 

may have such a drought in the middle of the subproject’s life (2032) and would cause the EIRR 

to drop to 21.8%.  Both an early (2025) and late drought under the Hotter scenario would result 

in an EIRR of 18.7%.  If this last scenario had an early, middle and late drought event the EIRR 

would be 17.4% and the switching value would occur only if production dropped to 11% of the 

base case level. 

An increase in flooding is also a risk of climate change.  Flood events are here assumed to cause 

a one-year decrease of 25% of crop production.  An early (2025) flood under the Warm/Wet 

scenario would result in an EIRR of 22.1%.  A middle (2032) flood under the Hot/Wet assumption 

would cause the EIRR to be 22.6% and a late flood (2040) would have an unchanged EIRR of 

22.7%. 

Infrastructure:  Flooding is also likely to damage the subproject’s infrastructure.  A major flood 

is assumed to necessitate repairs equivalent to 25% of the initial construction cost of the 

subproject.  An early flood’s infrastructure cost effect in the Warm/Wet scenario would decrease 

the EIRR to 21.0% (and combined with the crop damage the EIRR would drop to 20.4%).  A 

middle (2032) flood situation (Hot/Wet) would have an EIRR of 22.4% (22.2% if crop damage is 

included) while a late flood (Hotter scenario) would be associated with an EIRR of 22.7%. 

Initial “climate proofing” of the infrastructure, raising investment costs perhaps by 20%, would 

drop the EIRR to 19.4%. 

If climate-associated risks were to decrease the expected 25 year project life to 15 years the EIRR 

would drop to 21.3%.  Only at a 7 year project life would the switching value be reached. 

6.4 Ea Drang Subproject in Dak Lak 

Water Resources:  As with Du Du – Tan Thanh, in the Warm/Wet and Hot/Wet scenarios for the 

Ea Drang subproject no change in water resources is expected.  However, under the Hotter 

scenario it is possible that part of the subproject command area (150 ha) will gradually fall out of 

use due to water shortages caused by increased demand and higher evaporation rates.  This 

trend over the life of the subproject may cause the loss of 10% of the command area (CA), or 15 

ha, involving an average decrease of 0.54% per year starting in 2025.  If this were to happen the 

EIRR would drop from its base-case level of 20.2% to 19.8% --- a very small effect.  The rate of 

decrease would have to be 15.3% per year to reach the “switching value” at which the EIRR falls 

to its minimum acceptable level of 12%.   

Another risk associated with water resources is that the level of service of irrigation may decrease 

from the designed 85%.  This is not expected to be an issue with the Warm/Wet and Hot/Wet 

scenarios but under the Hotter scenario the level of service may drop to 70%.  Assuming that the 

area that can be covered by this decreased service is proportional to the drop in service relative 

to the designed service, a long term declining trend would drop the EIRR to 19.5% and the 

switching value would be similar to that above. 

Agriculture:  An increase in extreme and extended droughts are a real risk of climate change in 

the region of Ea Drang.  During drought periods, 40% to 70% less water may be available for 
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crops.  For the economic test of this risk it is again assumed that a serious drought affects the 

perennial coffee and black pepper production of the area by 50% for three years and by 25% in 

the following year.  In the Warm/Wet scenario such a drought is assumed in the latter period of 

the subproject’s life (starting in 2040).  The EIRR would drop only to 19.9%.  The Hot/Wet scenario 

may have such a drought in the middle of the subproject’s life (2032) and would cause the EIRR 

to drop to 18.9%.  A late drought under the Hotter scenario would, again, result in an EIRR of 

19.9%.  If this last scenario had an early, middle and late drought event the EIRR would be 12.6% 

and the switching value would occur only if production dropped to 47% of the base case level in 

all three of those droughts. 

An increase in flooding and erosion is also a risk of climate change in Ea Drang.  Flood and major 

erosion events are here assumed to cause a one-year decrease of 25% of crop production.  An 

early (2025) flood under the Warm/Wet scenario would result in an EIRR of 19.3%.  A middle 

(2032) flood under the Hot/Wet assumption would cause the EIRR to be 20.0% and a late flood 

(2040) would have an almost unchanged EIRR of 20.1%. 

Infrastructure:  Flooding is also likely to damage the subproject’s infrastructure.  Again, a major 

flood is assumed to necessitate repairs equivalent to 25% of the initial construction cost of the 

subproject.  An early flood’s infrastructure cost effect in the Warm/Wet scenario would decrease 

the EIRR to 18.5% (and combined with the crop damage the EIRR would drop to 17.7%).  A 

middle (2032) flood situation (Hot/Wet) would have an EIRR of 19.3% (19.0% if crop damage is 

included) while a late flood (Hotter scenario) would be associated with an EIRR of 20.1% (20.0% 

when crop damage is included). 

Initial “climate proofing” of the infrastructure, raising investment costs perhaps by 20%, would 

drop the EIRR to 17.1%. 

If climate-associated risks were to decrease the expected 25 year project life to 15 years the 

EIRR would drop to 18.6%.  Only at an 8 year project life would the switching value be reached. 

6.5 Economic Returns and Climate Risks 

In Appendix 8: Economic Evaluation of Climate Risks Tables 1 and 2 and in the above elaboration 

of the results it is obvious that the climate scenarios examined may pose little risk to the economic 

viability of the subproject investment except possibly in the case of three or four severe droughts 

during the life of the project.  This does NOT mean that the climate risk situations discussed would 

have only minor effects on farm output or project infrastructure.  Quite the opposite may be true.  

However, the climate risk situations would affect the subproject area BOTH in the “without” project 

situation as well as “with” the project.  So if a severe drought were to cause production to decline 

by 50% “with” the project a comparable or greater decline would be expected from that drought 

“without” the project.  The economic return measures (such as the EIRR) concentrate on the 

increment or difference between the two scenarios (“with” and “without”).  At least some of that 

increment may still exist when comparing a drought’s effect on the situation “with” the project vs 

“without” the project.  This limits the decrease in the EIRR due to a drought risk.  Only the risks to 

project infrastructure do not involve comparable costs in the “without” project situation. 
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Another reason for the small climate risk effects on the subproject’s returns is that benefits and 

costs further in the future are discounted more heavily in the calculation than more immediate 

benefits and costs.  At a 12% EIRR, year 1 costs and benefits are discounted by only 12%.  But 

year 25 values are discounted by 12% per year for 25 years to less than 6% of their nominal 

levels.  Years 2 through 24 range between these extremes. This means that only major climate 

effects in the early years of project life can have the potential to put the economic viability of a 

subproject at risk. 

The more severe climate risks examined above (major droughts or floods) are of only one to four 

years duration.  To have major effects on project economic returns it is likely that a risk would 

have to demonstrate severe effects on project output or costs starting early in the life of the project 

and lasting a very long time. 

6.6 Farm Household Income and Climate Risks 

While the climate risks examined have had limited effects on the project’s economic returns, 

climate risk effects on farm income can be quite severe.  The financial net present value (NPV) 

per household represents farm households’ (hh) over-all crop incomes over the period of the 

expected project life, discounted to the present (using a 12% discount rate).  This over-all NPV/hh 

can be examined under the various climate risks.  Household net crop revenue in its worst year 

(whatever year that might be) can also be looked at under the different climate risk scenarios. 

 

In Du Du – Tan Thanh the base case NPV/hh is 1,809 mill. VND “without” the project and 2,101 

mill. VND “with” the project.  In Appendix 8: Economic Evaluation of Climate Risks Table 1 it can 

be seen how these NPV figures change under the various scenarios of climate risk that have been 

examined.  The greatest effect on NPV/hh is for the situation where there are deep droughts in 

the early, middle and late periods of project life.  In that case the NPV/hh drops 24% to 1,381 mill. 

VND “without” the project and to 1,594 mill. VND “with” the project.  (The EIRR also has a 24% 

fall in this scenario.) 

 

The financial net crop revenue per hh declines slightly over time in Du Du – Tan Thanh and the 

base case low is 206 mill. VND “without” the project and 282 mill. VND “with” the project.  During 

a late deep drought, however, the net crop revenue per hh declines to 22 mill. VND in the “without” 

project scenario and to 47 mill. VND “with” the project --- the worst farm income effect of any of 

the climate risks examined.    

 

In Ea Drang the base case “without” project NPV/hh is 288 million VND while “with the project the 

NPV/hh is 546 million VND.  Appendix 8: Economic Evaluation of Climate Risks Table 2 presents 

the changes that occur to these NPV/hh figures under the various climate risk scenarios.  Again 

the climate risk of deep droughts scattered in early, middle and late periods of project life shows 

the greatest effect on NPV/hh.  In this case the “without” project case has a NPV/hh of 176 mill. 

VND and the “with” project case is 335 mill. VND.  These figures are a 39% fall from the base 

case.   

 

Multiple deep droughts in Ea Drang also contain the lowest annual net crop revenue per hh of 

any of the climate risk scenarios.  While the base case “without” the project is 24 mill. VND and 
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“with” the project is 84 mill. VND, farm households can face a major losses of up to 22 mill. VND 

(“without” the project) and 11 mill. VND (“with” the project) in the depths of a drought.  (The 

increment between the “with” and “without” situation remains the same, however, despite the 

negative revenue figures.) 1 

6.7 The performance of case study schemes under future climate change  

The economic analysis shows that the case studies still provide a good return on investment 

under a wide range of climate change scenarios. The main risks to both the schemes and farmer’s 

livelihoods are successive climate shocks in the form extreme droughts, which will reduce water 

availability, the yield of annual crops and potentially damage perennial crops, and floods, which 

could damage scheme infrastructure as well as crops.  

Under warm and wet scenarios evaporative demand still increases but the risk of drought is lower 

and flood risk is more important. In this scenario investment in flood and erosion protection, 

including allowances for climate change, is important. In addition some crops may require 

improved drainage.  Overall water supplies will be more reliable but as the schemes don’t include 

additional storage there are no opportunities to make use of additional effective rainfall. Under a 

wetter future new storage schemes and greater use of groundwater may be considered to extend 

the irrigated area, subject to the availability of sustainable water resources at the catchment scale.   

Under the hottest scenario crop water demand increases and maintaining a reliable supply is 

threatened by drought conditions. In this scenario further investment in planning for droughts 

including how to manage supply and demand during drought periods is important. In addition the 

benefits of the schemes can only be maintained if the water allocation, licensing and operational 

management are all implemented successfully in accordance with the activities outlined in C1 and 

across the catchment. Finally, some additional financial support for the poorest farmers to get 

access to water and some form of weather index based insurance may help to protect the income 

of the poorest farmers.  

Improved flood protection, good drought planning, effective agricultural extension, financial 

support for poorer farmers and weather-index insurance products are all likely to be ‘low regrets’ 

refinements to the existing project or worthwhile additional activities2.  

6.8 The WEIDAP project as climate change adaptation and potential refinements  

 

Considering the broader WEIDAP project, adaptation activities identified in the literature and the 

case study analysis, it is clear that (i) WEIDAP activities overlap with climate adaptations 

suggested in the literature and (ii) there are specific aspects of each component that are a high 

                                            
1 Farmers are likely to incur most (if not all) of their cost of production each year in the hope/expectation that the drought 

will not continue.  A drought-induced steep decline in yield in that year will result in a large decrease in net crop 
revenue and can, sometimes, mean a financial loss for the year.  Assuming that crop costs are fairly stable, a decline 
in yield of a similar proportion (“with” and “without” the project) will mean that the “with” project profit will still be more 
than that of the “without” project net revenue.  If losses are incurred, the “with” project loss will be less than that 
“without” the project --- meaning that the increment between the two scenarios will still be positive. 

 
2 However additional economic analysis may be required to justify additional activities or new projects.  
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priority in the context of climate risks and (iii) there are some potential refinements or additional 

project activities that could be developed.  

• Component 1: Institutional arrangements  

o Current plans  

▪ Includes development of water resources policy, various hydrological 

assessments, hydrological monitoring, a number of potential weather and 

climate services and pilots on water pricing.  

o Additional activities or refined aspects of current plans  

▪ Continuous water availability assessment: The current plans include a 

number of assessments but it will be important for this information to be 

brought together and used to support operational, tactical and longer term 

strategic decisions on water management in each province. This requires 

the development of monitoring systems and a range of information services 

that may require investment beyond the funds available in WEIDAP.  

▪ Monitoring saline intrusion: For the coastal provinces saline intrusion 

and groundwater quality should be monitored to support more detailed 

groundwater assessments.  

▪ Catchment based water resources strategy and planning: Scheme 

designs are based on taking water from existing water sources and some 

reservoirs are impacted by upstream water use as well as serving 

additional demands for irrigation from other schemes. As such the schemes 

can only produce the returns if the assumptions around water resources 

assessments are correct and if water abstraction and allocation is 

controlled. Therefore implementation of catchment based water resource 

assessments and catchment plans would help to take a more strategic view 

of water resources in each province. It is assumed that this will be done as 

part of the C1 institutional measures and involving national institutions like 

IWRP.  

▪ Planning additional water resources: If catchment scale demand 

exceeds supply then there may be a requirement for further water 

resources infrastructure, such as transfers, new reservoirs or more on-farm 

storage. This is particularly the case under drier scenarios or those with 

greater abstraction than assumed in the PPTA.  

▪ Drought planning: Schemes have been designed for a specific level of 

reliability and there should be plans for what happens in the 15% of years 

when there may not be sufficient water to provide full irrigation or 

supplemental irrigation to annual crops. Drought plans should describe 

both supply-side and demand-side measures to manage the water balance 

in dry years and how water will be allocated and prioritised. The 

development of drought plans is not highlighted in the MTR reports and 

additional activities are recommended.  

▪ Emergency planning: Special and more extreme measures may be 

required in the most extreme drought or flood situations. For these 



44 

possibilities there needs to be emergency plans in place to ensure water 

for household use and the survival of the highest value perennial crops. 

Emergency plans can consider the potential damage and loss to extreme 

events and may be linked to disaster risk financing mechanisms, which pay 

provinces or farmers for losses triggered by appropriate weather indices. 

The development of innovate satellite and weather index based insurance 

products is a priority and fits with the concept of hi-tech agricultural zones 

promoted by the Vietnam Government.  

▪ Climate and agricultural advisory services: These are highlighted in the 

MTR as part of the project but are also an area where further work could 

be done develop appropriate advisory services for supporting short term, 

medium term (2 weeks) and seasonal (2-3 months) decision making. For 

example, modern farming systems typically include close monitoring or soil 

moisture and crop conditions using sensors, drones or satellites coupled 

with weather forecasts and projections to influence planting dates, fertiliser 

application dates, scheduling labour inputs etc...... The development of 

pilot climate services that provide information on the medium term (weeks), 

sub-seaosnal (month) and seasonal (months) may be beneficial.  

 

• Modernized irrigation systems  

o Current plans  

▪ Include the development of modern piped systems to provide surface water 

as reliable and supplementary source of water in addition to groundwater 

sources. The systems will serve farmers who are able to pay for 

connections from shared manifolds and will provide reliable supplies in 

most years.  

o Additional activities  

▪ Design with climate change: The direction from the Government of 

Vietnam is that engineering design should include climate change using 

the MONRE RCP8.5 scenario. It is important for engineering components 

(pipe foundations, river crossings, header tanks, access roads etc...) to 

consider this scenario in detailed design, for example as a climate change 

allowance on flood depths or frequency. As this scenario is wetter than the 

historical baseline it has no significant impact on water availability.  

▪ Sensitivity analysis: It is recommended that the WEIDAP detailed design 

includes some sensitivity analysis including application of the 3 simple 

climate futures presented in this report. In particular, where there are 

uncertainties around the baseline water balance and assumptions about 

other water allocations, it would be useful to test systems against the hotter 

scenario 3, which will cause greater crop demands and have less water 

available at specific times of year. This analysis could inform the drought 

and emergency plans suggested under C1.   

▪ Flood and erosion protection: It is clear that flood and erosion protection 

are required for river crossings and other engineering components. Limited 
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flood studies were completed in the PPTA but this must be included in the 

details design scope of works.   

 

• On-farm water management  

o Current plans  

▪ Includes Water Efficient Agricultural Techniques  (WEAT) as part of 

modern agricultural systems and potentially part of high tech agricultural 

zones. Benefits mostly accrue to farmers that can invest in water 

connections and diversification into HVCs, although increased water 

efficiency may also have wider benefits to other farmers in the same river 

basins or sharing the same groundwater sources.  

o Additional activities 

▪ There are more opportunities to refine C3 On-Farm water management 

than the structural investment in engineering in component C2. These 

refinements could be focused on widening the benefits to support poorer 

farmers as well training all farmers on ways of adapting their practices for 

hotter conditions with high evaporative demands. These might include: 

• Enhanced WEAT activities  

• Agroforestry techniques 

• Payments for ecosystem services  

• Climate and disaster risk financing and weather index based 

insurance  

• Supply chain resilience  

• Financial grants for water connections including additional support 

for uptake amongst poorer farmers 

6.9 Climate resilient pathways for WEIDAP 

 

The WEIDAP project with its focus on water efficiency is primarily a “low regrets” climate change 

adaptation because it will perform well and provide returns on investment in all climate scenarios. 

However certain refinements and introduction of aligned climate adaptation projects may increase 

project performance or promote sustainable development if the future climate and socio-economic 

conditions turn out to be different from what is assumed in the PPTA.  The following figure 

develops some pathways of potential changes to the project in response to changes in climate. 

Note that certain activities fall on both the “wetter” and “drier” pathways and these should be ‘low 

regrets’ as they will provide benefits under any future scenario.  
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Figure 15: The concept of flexible adaptation pathways for WEIDAP implementation  

 

Note: C1-C3 – refinements or greater emphasis on these aspects of WEIDPA; N1-N3 new 

projects needed to support WEIDAP.  

7 Conclusions and recommendations  
 
The CRVA provides information, which is relevant to the detailed engineering design on the 
project, project output or outcome monitoring and scoping of new projects, which may be 
aligned to promote further climate change adaptation3.  
WEIDAP activities provide climate adaptation through promotion of water efficiency and adoption 

of WEAT on farms growing higher value crops. Farm incomes are improved and these relative 

benefits are maintained even under scenarios with severe floods and droughts.   Comparison of 

project activities, case studies and the literature suggests that there are some minor refinements 

and new activities that could be considered across all components. Of these, three specific areas 

stand out, as follows:   

• Improved Drought Planning (C1): Component 1 includes water supply and demand 

monitoring and institutional strengthening to manage water allocations, but further work 

is needed on drought planning and emergency planning to manage more extreme 

droughts. This will include the development of plans regarding how water is managed 

and allocated during drought, opportunities for additional supply and demand 

                                            
3 These high priority actions may require small refinements to the project or monitoring programme or the scoping and 

submission of aligned climate adaptation projects, financed through Climate Funds.       
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management.  This may include the use of satellite remote sensing, seasonal forecasting 

and other innovative technologies in high-tech agricultural zones.  

• Climate change allowances (C2): The project detailed design (Component 2) should 

consider climate change impacts on flood risk and the required level of flood protection for 

access roads, river crossings, foundations etc...According to Vietnam’s MONRE “[t]he 

RCP8.5 scenarios should be applied to the permanent projects and long-term plans”. 

There is no national guideline on how the scenarios translate to climate change 

allowances for engineering; it is recommended that a simple allowance based on RCP 

8.5 multi-model mean rainfall change is applied, e.g. 15% or 20% on flood event 

rainfall or flow.   

• Support for poorer farmers (C1, C3): Certain groups may have less access to the 
modernised irrigation systems and be the most vulnerable to droughts, floods and long 
term climate change. Therefore, financing arrangements to gain access to water and 
modern farming techniques and/or some kind of insurance or social protection 
system to protect them from extreme events are desirable. The latter could be 
developed as a climate insurance service where social support provided is proportional to 
appropriate weather/satellite indices to characterise flood and drought impacts.  
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9 Appendices  
 

9.1 Appendix 1: Terms of Reference for Climate Change Specialist  
 
Contract 131763 
Project SC 108211 VIE: Water Efficiency Improvement in Drought Affected Provinces 
Expertise Climate Change Specialist/Team Leader 
Source International 
 
Objective and Purpose of the Assignment 
The objective of the consulting services is to develop a Climate Risk and Vulnerability Assessment 
(CRVA) as the basis for identifying climate risks, vulnerabilities and adaptation options in the 
Water Efficiency Improvement in Drought Affected Provinces (WEIDAP) Project (TA 9147). 
 
Scope of Work 
Under the supervision of Project Team Leader and in consultation with the SDCC team, the 
consultants will develop climate information and related products as required to the design of the 
WEIDAP project and based on that will develop a CRVA. The team will work closely with the 
project preparatory technical assistance (PPTA) team to ensure that the outputs of the CRVA are 
thoroughly integrated into the project design. 
 
The scope of work will include but not be limited to the following: 
 
i. Review of technical resources/ publications relevant to climate risk management within the 
context of the WEIDAP project and Viet Nam. 
ii. Define scope of assessment 
iii. Prepare and develop relevant climate and related data and information building on already 
available information from ADB and other sources (e.g. GMS core environment program): 
 
• Climate baseline data 
• Review of available climate change projections and scenarios 
• Other relevant datasets 
• Downscaling of GCMs to regional climate models for the Project region, if warranted 
• Analyzing different climate model outputs in terms of inter-annual variations of precipitation. 
• Discussion on uncertainties and implications for the outcome of the assessment 
iv. Assess climate change impacts and risks 
• Potential impacts of climate change on relevant aspects of the project, e.g. on water resources 
• Uncertainties and caveats 
• Implications of expected climate change impacts and uncertainties for design and operation of 
project 
• Identify and discuss which impacts are related to climate variability and which ones are related 
to climate change, in particular with consideration of El Niño  effects 
v. Identify and assess adaptive interventions 
• Consultation with stakeholders 
• Identification of possible adaptive options 
• Assessment of adaption options (technical and economic); assess the economic costs and 
benefits of possible adaptation intervention options. Provide recommendations based on the 
outcome of the economic analysis. 
vi. Prepare final CRVA report with the potential risks of climate change and possible adaptation 
intervention. 
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Detailed Tasks and/or Expected Output 
 
The team leader is directly accountable for the timely delivery and quality assurance of all 
expected outputs under the contract between ADB and the CRVA consultants. Key activities 
include: 
 
a. Interface between ADB, PPTA team and the CRVA consultants for the duration of the contract, 
lead and manage the consultations with ADB team and develop a sound work plan in consultation 
with ADB/PPTA team; provide updates on CRVA activities; 
b. Develop a methodological framework for the CRVA study pertinent to the objectives of 
WEIDAP; 
c. Prepare final CRVA report through iterative process; 
d. Perform other tasks as deemed necessary 
 
As climate specialist, the person is responsible for the development and application of climate 
data and information with the following core activities: 
 
a. Develop an inventory of climate data required for the CRVA study based on the agreed 
methodology and in consultation with the adaptation expert; 
b. Collate baseline data (meteorological, hydrological data; output of existing climate models, and 
if available from hydrologic/ hydraulic modeling in the region) 
c. Identify with the team the climate change parameters to be assessed and the spatial and 
temporal modeling scale to be used for the impact assessment of WEIDAP project; 
d. Assess available climate projections for the region (relevant GCM outputs) and evaluate the 
potential impacts of at least two emission scenarios, one with low and one with high emissions. 
e. If warranted, develop detailed scenarios of climate change variables as required for future time 
horizons of the WEIDAP project (50 years), using state-of-the-art data sets and modeling 
approaches, and documentation of scenario method, data sources, caveats and uncertainties. 
f. Conduct climate risk assessment for project sites within WEIDAP; identify vulnerabilities to 
climate change (floods, droughts) 
g. Assess implications of the results of the CRVA for WEIDAP and its most vulnerable areas and 
components together with the team; identify engineering and non-engineering adaptation 
measures together with the team and the PPTA team; evaluate and compare potential measures 
in terms of economic and technical feasibility; 
h. Provide detailed guidance on how the climate data and information should be applied in the 
CRVA study within the context of the WEIDAP project 
i. Brief other members of the CRVA team on the key features of the climate scenario method, 
caveats and uncertainties and implications of their application within the CRVA study for the 
outcome of the assessments. 
 
Expected deliverables: 
A comprehensive CRVA that includes: current climate conditions (i.e. baseline), projections of 
precipitation and temperature for the region (i.e. future scenarios), proposed measures to address 
the climate risks (i.e. adaptation measures) and an economic analysis of climate adaptation 
options. 
 
Minimum Qualification Requirements 
The specialist shall preferably have an advanced university degree in (applied) climate sciences, 
at least 10 years of experience in climate change impact and vulnerability assessments, risk 
management, adaptation planning and practices. Strong record of effectively managed large 
scale and complex research projects needed including demonstrable skills in effectively 
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communicating and interacting with professionals from different cultural backgrounds and 
disciplinary fields; experience of working with research and policy users of climate data and 
information; demonstrable knowledge of and preferably existing collaboration with regional 
centres of excellence for climate modelling and research in Asia. 
 
9.2 Appendix 2: Project Literature Review 
This review has extended a previous Met Office/ADB paper on the climate and climate change in 
the Vietnamese Central Highlands, which covered the project sites Dak Lak and Dak Long. 
 
The Climate of the Central Highlands and South Central provinces 
 
Vietnam has a typical tropical monsoon climate with a seasonal reversal of the winds and 
precipitation associated with thermal contrast in east-west or land-sea heating.  
The WEIDAP project location lies in the area of the South Central and Central Highlands 
provinces. The central highlands comprise of approximately 51800 km2 of rugged mountain 
peaks, widespread forests, and flat plateaus of basaltic land (Nguyen et al., 2007). The South 
central provinces are a narrow coastal plain in central Vietnam (12-18 N), where the distance 
between the mountains and the sea is narrow (50-150km) (Nguyen-Le et al., 2013). 
 
The seasons are defined as follows: 

• North East Monsoon Season (NEMS) – December to March 

• First Inter-Monsoon Season (FIMS) – April to May 

• South West Monsoon Season (SWMS) – June to September 

• Second Inter-Monsoon Season (SIMS) – October to November 
 
The interannual variation of the SWMS rainfall over this region is mainly based on disturbances 
in the local weather caused by westward-propagating weather events such as tropical cyclones 
and monsoon lows and the influence of El Niño-Southern Oscillation (ENSO) on the atmospheric 
circulation and the latitudinal position of the ITCZ (Nguyen et al., 2007). 
 
In central Vietnam the rainfall maximum occurs during September to November. Heavy rainfall in 
the southern coastal provinces is mainly contributed to by cyclonic circulations (Chen et al., 2012). 
The seasonal march of rainfall in the central and coastal plain is delayed until late autumn to early 
winter (September to November) (Nguyen-Le et al., 2013).  In this region the Foehn wind effect 
suppresses rain and causes a drier summer when compared to the Central highlands (Nguyen-
Le et al., 2013). 
 
The rainfall maximum in central Vietnam exhibits a distinct interannual variation in the rainfall 
maximum during October to November, with increases (reductions) in the La Niña (El Niño) phase 
of ENSO of 174% (52%) of the long-term annual average value (759mm) (Chen et al., 2012). 
 
Changes in average temperature and rainfall 
 
Surface temperatures across Vietnam on average have warmed at a rate of 0.26°C per decade 
over the last 40 years. This rate is approximately twice the average rate of global warming, which 
was estimated to be about 0.13±0.03°C per decade in the last 50 years (Jones et al., 2007; as 
cited by Nguyen et al., 2014). Nguyen et al. (2014) found that the mean temperature trends for all 
sub-regions of Vietnam were statistically significant (p < 0.05). Mean temperature changes in the 
VCH region are similar to the average over the whole country, however increases in the VSC 
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region are higher Table A1. The rises in winter temperatures were found to be around 25% higher 
than that of summer over the same period (Nguyen et al., 2014).  
 
Table A1 Estimated trends in average temperature anomaly in Vietnam, Vietnam Central 
Highlands (VCH) and Vietnam South Central (VCC) provinces in last 40 years (unit: °C per 10 
years). The asterisks (*) indicate the significant level p. (***), (**), (*): 99.9, 99, 95% confidence 
interval for the existence of increased trend, respectively. 90% (p<0.01) confidence interval of 
Sen’s slope is in the range of estimates by ± numbers  (Source: Nguyen et al., 2014, pp253). 

 Summer (MJJA) Winter (DJFM) All year 

VCH 0.24 ± 0.15* 0.29 ± 0.17** 0.25 ± 0.12** 

VSC 0.26 ± 0.14 0.44 ± 0.16*** 0.35 ± 0.10*** 

Vietnam 0.23 ± 0.16 0.3 ± 0.17 0.26 ± 0.10 

 
The warming 
rate in the region S2 is smaller than others in the 
South, possibly because of its largely high altitude nature 
(mostly 600–2000 m above sea level). 
0.24 ±0.15 
* 
0.29 ±0.17 
** 
0.25 ±0.12 
** 
The rise in winter 
temperatures (evident since 1971) is around 25–40% 
higher than that of summer over the same period. Hence, 
it is winter warming that principally causes the increase 
of Vietnam’s average annual temperature over the period 
of this study. 
 
For VCH the rate of increase in minimum daily temperature (Tn) is 0.31±0.16°C per decade is 
and is greater than that of the daily maximum (Tx) at 0.19±0.17°C per decade. For VSC the rate 
of increase in Tn was 0.25±0.15°C and for Tx it decreases but not significantly. For both regions 
increases in Tx and Tn are greater in winter than summer (Nguyen et al., 2014). 
In contrast, annual precipitation showed statistically significant changes in only two of the sub-
regions, not including the VCH region; one in the north shows decreases and the second in the 
south shows increases (Nguyen et al., 2014). However, the VCH region rainfall does show a 
significant increase in the dry season of 91 ± 94 mm per decade at the 95% confidence interval 
(Nguyen et al., 2014). 
 
In the South, the rate of increase of 
Tn anomaly is greater than that of Tx anomaly. That 
means Tx and Tn in winter and summer both increased 
whereas the increment in winter is greater than that in 
summer. 
Over the whole of Vietnam, dominant trends for 
annual rainfall are decline, but evidently not statistically 
significant.  
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2.2 The trends in extreme events  
Trends in key extreme indices assessed by Katzfey et al. (2014) are presented in  

Table A2 for the Central Highlands and South Central provinces. 
 
Table A2 – Changes in extremes for the Central Highlands and South Central provinces during 
the period 1961 to 2011 (Source: Katfey et al., 2014). 

Central Highlands South Central  

• The minimum daily temperature 
has had significant increases, 
approximately 0.18°C to 0.65°C per 
decade. 

• The minimum daily temperature 
has significantly increased in the 
region (up to 0.24°C per decade) 

• Maximum temperature does not 
have any systematic trend for the 
region. 

• The increase in maximum 
temperature was generally small 
and insignificant.  

• The number of hot days has 
remained unchanged. 

• The number of hot days has 
significantly increased up to 4 days 
per decade.  

• The number of cold nights has 
remained unchanged. 

• The number of cold nights has 
changed little.  

• Trends in the number of extreme 
hot days (TX90p) are positive 
(approx 7 days per decade) and 
negative (approx -8 days per 
decade) across the region. 

• The extreme hot days index 
(TX90p) shows some increases. 
However the trend isn’t significant.  

• A significant decreasing trend of up 
to -15 to -20 days per decade in 
extreme cold nights. 

• A significant decreasing trend of up 
to -17 days per decade in extreme 
cold nights. 

• Yearly maximum 1-day 
precipitation (RX1) events have 
increased across the region by 
around 5-10% per decade. 

• Yearly maximum 1-day 
precipitation (RX1) events have 
increased across the region, 
increases of 8.57% per decade at 
Phan Rang, however it is not 
statistically significant at all 
stations. 

• Annual highest consecutive five-
day precipitation amounts (RX5) 
events have increased by around 
5-10% per decade. 

• Annual highest consecutive five-
day precipitation amounts (RX5) 
events have increased, however 
only 2 of 8 stations are statistically 
significant.  

• Annual count of days when 
precipitation exceeds the 95th 
percentile value for the period 
1961-2011 events have all 
increased across the region by up 
to nearly 12mm per year. 

• Annual count of days when 
precipitation exceeds the 95th 
percentile value for the period 
1961-2011 events have all 
increased across the region. At 
Phan Rang and Nha Trang there 
are increases of 5-6mm/year. 

• The number of consecutive wet and 
dry days does not show significant 
changes in trends. 

• The number of consecutive wet and 
dry days does not show significant 
changes in trends. 



55 
 

 

 
IPCC AR5 
This section highlights results summarized in the latest IPCC assessment report, AR5, for the key 
surface climate variables of average, minimum and maximum temperature, and precipitation. 
A new set of emissions scenarios have been developed for use in climate models to explore 
plausible ranges of future climate change and are known as the Representative Concentration 
Pathways (RCPs), (Moss et al., 2008; Moss et al., 2010; van Vuuren, et al., 2011). These have 
been used with the latest generation of climate models to provide the updated set of climate 
change projections presented in the IPCC AR5 (Collins et al., 2013). The RCPs specify 
concentrations and corresponding emissions, but are not directly based on socio-economic 
storylines like the SRES scenarios used in the previous two IPCC reports. The RCPs are based 
on a different approach and include more consistent short-lived gases and land use changes. 
However, they are not necessarily more capable of representing future developments than the 
SRES scenarios (Cubasch et al., 2013). Four RCP scenarios were used within the Coupled Model 
Intercomparison Project 5 (CMIP5) to generate a wide range of future climate projections; these 
were RCP2.5, RCP4.5, RCP6, and RCP8.5. The RCPs are described in more detail in  

Appendix 3: Representative Concentration Pathways. 

 
For the East Asian summer monsoon more than 85% of CMIP5 models show an increase in mean 
precipitation, while more than 95% of models project an increase in heavy precipitation events 
throughout the 21st century (Christensen et al., 2014). Increases are also projected for the 
southern Asian monsoon. However there are limiting factors in the quantitative assessment of 
monsoon changes including sensitivity to model resolution (Cherchi and Navarra, 2007; 
Klingaman et al., 2011; as cited by Christensen et al., 2014), model biases (Levine and Turner, 
2012; Bollasina and Ming, 2013; as cited by Christensen et al., 2014), poor skill in simulating the 
Madden–Julian Oscillation (MJO) and uncertainties in projected ENSO changes (Collins et al., 
2010; as cited by Christensen et al., 2014) and in the representation of aerosol effects. 
 
The rainfall over the Central Highlands and South Central region during the South West Summer 
Monsoon can be interpreted as a result of the northward migration of the precipitation belt known 
as the inter-topical convergence zone (ITCZ). In CMIP5, seasonal mean rainfall is projected to 
increase on the equatorward flank of the ITCZ (Christensen et al., 2014). However there are 
known issues with GCMs showing an unrealistic double ITCZ pattern over the tropical Pacific and 
Atlantic with excessive rainfall south of the equator (Christensen et al., 2014). 
 
Results produced within IPCC (2013) Atlas of Global and Regional Climate Projections in the 

form of graphics are summarised in  

Table A3 for both regions. The information presented in this Atlas is based entirely on all available 
CMIP5 model output with equal weight given to each model or version with different 
parameterisations. The graphics represent the variability of results from 42 GCM model 
simulations and are as follows, the 25th, 50th (median) and 75th percentiles respectively. The 
results in this Atlas are based upon RCP 4.5 which is described in Appendix 2.  For each quartile 
in table 2, twenty-year averages are presented for the near term (2016-2035), mid-term (2046-
2035) and long-term (2081-2100), each relative to a reference period of 1986-2005). Temperature 
changes are presented for the summer season (MJJA) and winter season (DJFM) and 
precipitation relative changes are presented for dry season (NDJFM) and wet season 
(AMJJASO). Where hatching was noted on the plot it means that it can be interpreted as some 
indication of the strength of the future anomalies from present-day climate when compared to the 
strength of present day internal 20-year variability. It either means that the change is relatively 
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small or that there is little agreement between models on the sign of the change. In the table 
where there is hatching these are marked with (*). 
 
Table A3 - CMIP5 GCM projections for the VCH region under RCP 4.5 emission scenario. (*) 
Where hatching was noted on the plot it means that it can be interpreted as some indication of 
the strength of the future anomalies from present-day climate when compared to the strength of 
present day internal 20-year variability (Source: IPCC, 2013). 

Season Variable 2016-2035 2046-2065 2081-2100 

MJJA Temp °C 25th 0.5 to 1.0 1.0 to 1.5 1.0 to 1.5 

MJJA Temp °C 50th 0.5 to 1.0 1.0 to 1.5 1.5 to 2.0 

MJJA Temp °C 75th 0.5 to 1.0 1.5 to 2.0 2.0 to 3.0 

DJFM Temp °C 25th 0 to 0.5 0.5 to 1.0 1.0 to 1.5 

DJFM Temp °C 50th 0.5 to 1.0 1.0 to 1.5 1.5 to 2.0 

DJFM Temp °C 75th 0.5 to 1.0 1.5 to 2.0 2.0 to 3.0 

NDJFM Precip %Δ 25th 0% to -10%* 0% to -10%* 0% to -10%* 

NDJFM Precip %Δ 50th 0% to -10%* 0% to 10%* 0% to 10%* 

NDJFM Precip %Δ 75th 0% to 10%* 10% to 20% 10% to 20% 

AMJJASO Precip %Δ 25th 0% to -10%* 0% to -10%* 0% to -10%* 

AMJJASO Precip %Δ 50th 0% to 10%* 0% to 10%* 0% to 10% 

AMJJASO Precip %Δ 75th 0% to 10% 0% to 10% 10% to 20% 

 
9.3 Appendix 3: Representative Concentration Pathways 
 
 

Table A4 shows the Representative Concentration Pathways (RCP), these are not fully integrated 
scenarios unlike SRES, i.e. they are not a complete package of socioeconomic, emissions, and 
climate projections (Collins et al, 2013). They are consistent sets of projections of only the 
components of radiative forcing (the change in the balance in between incoming and outgoing 
radiation to the atmosphere caused primarily by changes in atmospheric composition) that are 
meant to serve as input for climate modelling. Central to the process is that any single radiative 
forcing pathway can result from a diverse range of socioeconomic and technological development 
scenarios. Four RCPs were selected, defined and names according to their total radiative forcing 
in 2100 and are described. 

 

Table A4 - Overview of Representative Concentration Pathways (Source: 
https://www.wmo.int/pages/themes/climate/emission_scenarios.php). 

RCP Description 

RCP8.5 Rising radiative forcing (RF) pathway leading to 8.5Wm-2 in 2100 and 
implies rising RF beyond that. 

RCP6 Stabilization without overshoot pathway to 6Wm-2 at stabilization after 
2100. 

RCP4.5 Stabilization without overshoot pathway to 4.5Wm-2 at stabilization 
after 2100. 
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RCP2.6 or 
RCP 3-PD2 

Peak in radiative forcing at approximately 3Wm-2 before 2100 and 
decline. 
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9.4  Appendix 4: Description of climatology data 
 
In order to understand what the baseline climatology is for each province and to give context of 
how well climate models perform observation data was collated from three different sources.  
Table A5 describes the following types of data that were collated for Temperature, Precipitation 
and  Potential Evapotranspiration (PET): (i) where available surface weather station data for 
temperature and calculated Penman Monteith PET, (ii) gridded data satellite products to provide 
estimates where there is a lack of rain gauge stations, and (iii) ERA-Interim Reanalysis data for 
Temperature to provide provincial level mean temperature and calculated PET using the 
methodology as described by Oudin et al (2005).  
 
The very nature of precipitation and the limitations of the observing system make the 
quantification of precipitation challenging.  Temperature has a high degree of spatial and temporal 
correlation, precipitation can be fractal in space and discontinuous in time (NCARS, 2014). 
Further, regional variations in topography can affect precipitation amounts significantly (NCARS, 
2014). At small scales, the use of measurements from individual rain gauges might be 
appropriate. However at larger scales, it is required to draw special attention to the appropriate 
representation of the spatial precipitation patterns, which are usually interpolated from point 
measurements (Chaubey et al., 1999; Tabios and Salas, 1985; Zhang and Srinivasan, 2009, cited 
in Wagner et al., 2012). A solution to this could be a gauge-based precipitation product such as 
the Asian Precipitation Highly Resolved Observational Data Integration Towards Evaluation of 
Water Resources project (APHRODITE’s Water Resources) that was developed for daily 
precipitation over Asia (Yatagai et al., 2009). However gridded products of rain gauge 
measurements also have their limitations as the reliability of the analysis depends on the station 
density (number of stations available), grid cell size, and orographic (the effect of enhancing 
rainfall over higher land) small-scale characteristics of precipitation are smoothed if it isn’t 
sufficiently sampled by rain gauges (Schamm et al., 2014). Satellite precipitation products 
potentially constitute an alternative to sparse rain gauge networks and gauge-based gridded 
products for assessing the spatial distribution of precipitation. A combination of surface station 
and satellite measurements allows for an enhancement of the product quality, although some 
limitations exist (Schamm et al., 2014). For this project PERSIANN-CDR was selected as it is a 
long-term dataset that produces estimated rainfall using infrared satellite data. It infers rainfall 
from cloud top temperature and is adjusted using the Global Precipitation Climatology Project 
(GPCP) (GPCP merges observations from rain gauge stations, satellites and sounding 
observations) monthly product to maintain consistency (Ashouri et al., 2015).  
 
Table A5 - A list of baseline climate data sources collected for this project (i) surface station 
data, (ii) PERSIANN-CDR and (iii) ERA-Interim. A description is provided for each dataset 
alongside listing its key strengths and weaknesses. 

(i) Surface station data description 

Monthly surface values of surface temperature and calculated potential evapotranspiration were 
made available from a number of stations across the Province: Binh Thuan (2 stations), Ninh Thuan 
(2 stations), Kanh Hoa (2 stations), Dak Lak (4 stations), and Dak Nong (2 stations). Maximum, 
Minimum and Mean temperature are available in units (°C). PET was computed from available 
climate parameters using the Penman-Monteith equation embodied in FAO’s CROPWAT4 software 
(version 8). The average was then taken between the stations to provide T Min, T Max, T Mean, 
and Penman (mm/day). The monthly values are calculated from an unknown period. 

Key Strengths Key Limitations 

                                            
4 http://www.fao.org/land-water/databases-and-software/cropwat/en/ 
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• Long term climatological records. 

• Provide the ground-truth. 

• Climate-quality, gauge-based data sets 
can be difficult to construct due to the 
widely distributed and heterogeneous 
nature of the source data. Moreover, 
wind and evaporation effects on the 
gauge measurements, typically 
resulting in under-catch, need to be 
considered. 

(ii) PERSIANN-CDR description (Ashouri et al., 2017) 

The Precipitation Estimation from Remotely Sensed Information using Artificial Neural Networks- 
Climate Data Record (PERSIANN-CDR) provides daily rainfall estimates at a spatial resolution of 
0.25 degrees in the latitude band 60S - 60N from 1983 to the near-present. The precipitation 
estimate is produced using the PERSIANN algorithm on GridSat-B1 infrared satellite data, and the 
training of the artificial neural network is done using the National Centers for Environmental 
Prediction (NCEP) stage IV hourly precipitation data. The PERSIANN-CDR is adjusted using the 
Global Precipitation Climatology Project (GPCP) monthly product version 2.2 (GPCPv2.2), so that 
the PERSIANN-CDR monthly means degraded to 2.5 degree resolution match GPCPv2.2. 
PERSIANN CDR is a Climate Data Record, which the National Research Council (NRC) defines 
as a time series of measurements of sufficient length, consistency, and continuity to determine 
climate variability and change. The rainfall estimates are provided in daily format with units 
(mm/day) and area averaged for each province. The period covered includes 1983 to 2010. 

Key Strengths Key Limitations 

• Consistent, long-term data set with 
more than 30 years of data, updated 
quarterly 

• Uses many different data sources 
which makes the product more 
reliable 

• High resolution (0.25) monthly 
precipitation consistent with GPCP 
monthly estimates. 

 

• CDR version has daily temporal 
resolution, does not resolve the diurnal 
cycle, may not record some short-lived, 
intense events 

• Relies heavily on infrared data - 
conversion from IR to precipitation rate 
requires complex algorithm, not quite 
global (60◦S - 60◦N) 

• Is not independent of other precipitation 
estimates such as GPCP-1DD 

 

(iii) ERA-Interim description (Dee and NCARS, 2017) 

Using a much improved atmospheric model and assimilation system from those used in ERA-40, 
ERA-Interim represents a third generation reanalysis. Several of the inaccuracies exhibited by 
ERA-40 such as too-strong precipitation over oceans, were eliminated or significantly reduced. 
ERA-Interim now extends back to 1979 and the analysis is expected to be continued forward until 
the end of 2018. Data is available at 6 hourly intervals on an approximate 80km grid. Daily mean 
temperature has been produced using this data set and area averaged for each province.   

Key Strengths Key Limitations 

• Spatially and temporally complete 
data set of multiple variables at high 
spatial and temporal resolution. 

• Too intense of a water cycling 
(precipitation, evaporation) over the 
oceans 

• Few grid points for the provincial level. 
Some grid point sharing between 
provinces. 
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9.5 Appendix 5: Estimation of ETo and ETo factors 
  

A set of Potential evapotranspiration change factors were derived for each province based on the 
ERA-Interim temperature data set, selected climate models and the application of the temperature 
based Oudin PET formula.  
 
Use of temperature based formulae can overestimate ETo in conditions of high cloud cover and 
low sunshine hours. However, the approach was used to create factors, so this error was 
removed, and these factors could be applied to baseline ETo time series, which were derived 
using the full Penman Monteith formula.  
 
Summary ETo data is available for several sites on the Vietnam coastline at relatively low 
elevations from the FAO CLIMWAT 2.0 data set. An example of these data compared to a 
temperature based calculation is shown below for Nha-Trang (Altitude 10m, Lat 12.25, Long 
109.2)   

Min T 
degC 

Max T 
deg C 

Humi
dity 
% 

Wind 
km/d 

Sun
shin
e 

Radn 
MJ/m2/
d 

Eto 
mm/
d 

Oudin 
estimat
e  

Resi
dual  

Monthly 
total mm 

J 27.8 20.9 78.4 43.2 6.63 16.79 3.06 3.48 0.42 94.86 

F 28.9 21.1 77.9 34.6 7.27 19.06 3.5 4.02 0.52 98.875 

M 30 22.2 80 43.2 7.39 20.47 3.93 4.53 0.60 121.83 

A 31.7 23.6 80.6 43.2 7.61 21.27 4.27 4.53 0.26 128.1 

M 32.8 24.4 80.9 112.3 7.77 21.25 4.52 4.91 0.39 140.12 

J 32.8 24.7 77.7 146.9 7.41 20.38 4.57 4.85 0.28 137.1 

J 32.8 24.6 76.7 129.6 7.37 20.4 4.53 4.70 0.17 140.43 

A 33.3 24.5 77.4 129.6 6.84 19.85 4.43 4.70 0.27 137.33 

S 31.7 24 79.5 146.9 5.57 17.73 4 4.70 0.70 120 

O 30 23.3 83 129.6 4.94 15.94 3.43 4.23 0.80 106.33 

N 28.9 22.5 82.4 112.3 4.78 14.54 3.04 3.79 0.75 91.2 

D 27.8 21.6 82.9 60.5 5.63 14.98 2.85 3.38 0.53 88.35          
0.47 1404.53 
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Source of Vietnam data 
FAO CLIMWAT2.0  
http://www.fao.org/nr/water/infores_databases_
climwat.html  
 
Baseline data are normally for 1971-2000 
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9.6 Appendix 6 Projected climate and climate change scenarios 
  

Regional climate projections 
High-resolution model simulations are necessary to resolve complex terrain such as in Southeast 
Asia as these are known to generate localised effects in terms of monsoon rainfall in the Vietnam 
Central Highlands and Southern Central region. This section firstly describes currently available 
high-resolution climate projections and a summary of their output, a description of the WEIDAP 
CRVA models selected, their projected changes and the climate change scenarios for Ninh 
Thuan, Kanh Hoa and Dak Nong provinces. 
 
Existing regional climate projections 
The purpose of the ‘Vietnam Climate Futures – High-Resolution Climate projections for Vietnam’ 
project was to produce high-resolution climate projections to support the government of Vietnam 
in its efforts to up-to-date its national Climate Change and Sea-level Rise Scenarios by 2015. This 
incorporated the latest climate science information available released by the IPCC.  
Regional Climate Models were used to produce high-resolution simulations using the latest 
available coarse resolution global climate models (GCM) from the Coupled Model 
Intercomparison Project Phase 5 (CMIP5). Six GCMs were selected on their ability to capture 
current climate and climate features such as El Niño Southern Oscillation (ENSO): CNRM-CM5, 
CCSM4, NorESM1-M, ACCESS1.0, MPI-ESM-LR and GFDL-CM3. These six GCMs were 
dynamically downscaled. 
 
The climate projections were produced at the regional level, with provincial level information being 
made available in an advanced user interface. For this study the regional level projections have 
been included to provide context. The provinces of Dak Lak and Dak Nong lie within the Central 
Highlands regional report, and Binh Thuan, Ninh Thuan and Kanh Hoa lie within the South Central 
regional report. Katzfey et al., (2014) defined the seasons as follows: 

• North East Monsoon Season (NEMS) – December to March 

• First Inter-Monsoon Season (FIMS) – April to May 

• South West Monsoon Season (SWMS) – June to September 

• Second Inter-Monsoon Season (SIMS) – October to November 
 
For the central highlands and south central regions the key findings from Katzfey et al. (2014) are 
summarised below: 
Central Highlands summary 

• Table A6 shows that the multi-model mean projected changes in temperature for the by 
the 2050s is of the order 1.8°C. There is a small range in model-to-model uncertainty in 
the projected changes. These projections were found to be higher than the MONRE (2012) 
projections. 

• Table A7 shows that there was large model-to-model variation in projected rainfall 
changes. However, all models project an increase in rainfall for FIMS and 6 out of 8 models 
project decreases for SWMS. 
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Table A6 - Summary of multi-model mean and range of projected change in annual and seasonal 
average temperatures (°C) for the Central Highlands region relative to the 20-yr baseline (1980-
2000) for RCP8.5. Delta changes are the multi-model means from eight simulations. Green 
colouring is for Warmer (0.5 to 1.5°C), Yellow Hotter (1.5 to 3.0°C), Orange Much Hotter (>3.0°C) 
(Source: Katzfey et al., 2014).  

Temperature 

MID-CENTURY (2045-2065) 

ΔT CHANGE 

(°C) 
ANNUAL 

NEMS DEC-

MAR 

FIMS APR-

MAY 

SWMS 

JUNE-SEP 

SIMS OCT-

NOV 

Multi-model 

mean 

1.8 1.8 1.8 1.8 1.8 

Range 1.2 to 2.6 1.2 to 2.4 1.2 to 2.6 1.2 to 2.8 1.3 to 2.8 

 

Table A7 - Summary of projected changes in annual and seasonal mean rainfall and its range 
(%) for the Central Highlands region relative to the baseline period (1980-2000) for RCP8.5. 
Changes are the multi-model means from eight simulations. Changes are the multi-model means 
from eight simulations. Red for Much Drier (<-15), Orange Drier (-15 to -5), Green Little Change 
(-5 to 5), Light blue Wetter (5 to 15), Dark blue Much Wetter (>15) changes (Source: Katzfey et 
al., 2014). 

RAIN 

MID-CENTURY (2045-2065) 

% CHANGE 
ANNUAL 

NEMS DEC-

MAR 

FIMS APR-

MAY 

SWMS 

JUNE-SEP 

SIMS OCT-

NOV 

Multi-model 

mean 

1 9 11 -3 3 

Range -8 to +24 -6 to +27 5 to +19 -14 to +28 -19 to +72 
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South Central summary 

• Table A8 shows that for annual mean surface temperature is projected to increase by 
1.7°C by the 2050s. The rate of warming is greatest in SWMS. There is a small range in 
model-to-model uncertainty in the projected changes. These new projections were found 
to be similar to that of MONRE (2012). 

• Table A9 shows the rainfall projections for the region and indicate agreement on increases 
in NEMS with a multi-model mean of +18% and FIMS of +13%. There is a strong 
agreement in a decrease in SWMS rainfall of -10% with 6 of 8 models projecting 
decreases, however the model-to-model uncertainty range is large -30 to +47%. 

 
Table A8 Summary of multi-model mean and range of projected change in annual and seasonal 
average temperatures (°C) for the South Central region relative to the 20-yr baseline (1980-2000) 
for RCP8.5. Delta changes are the multi-model means from eight simulations. Green colouring is 
for Warmer (0.5 to 1.5°C), Yellow Hotter (1.5 to 3.0°C), Orange Much Hotter (>3.0°C) (Source: 
Katzfey et al., 2014).  

Temperature 

MID-CENTURY (2045-2065) 

ΔT CHANGE 

(°C) 
ANNUAL 

NEMS DEC-

MAR 

FIMS APR-

MAY 

SWMS 

JUNE-SEP 

SIMS OCT-

NOV 

Multi-model 

mean 

1.7 1.5 1.7 1.9 1.7 

Range 1.2 to 2.5 1.2 to 2.1 1.2 to 2.6 1.2 to 2.8 1.2 to 2.7 

 

Table A9 Summary of projected changes in annual and seasonal mean rainfall and its range 
(%) for the South Central region relative to the baseline period (1980-2000) for RCP8.5. 
Changes are the multi-model means from eight simulations. Red for Much Drier (<-15), 
Orange Drier (-15 to -5), Green Little Change (-5 to 5), Light blue Wetter (5 to 15), Dark blue 
Much Wetter (>15) changes (Source: Katzfey et al., 2014).  

RAIN 

MID-CENTURY (2045-2065) 

% CHANGE 
ANNUAL 

NEMS DEC-

MAR 

FIMS APR-

MAY 

SWMS 

JUNE-SEP 

SIMS OCT-

NOV 

Multi-model 

mean 

5 18 13 -10 5 

Range -9 to +35 +6 to +36 0 to +23 -30 to +47 -14 to +55 
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Climate change scenarios have been updated and released by the Ministry of Natural Resources 
(MONRE) in 2016 following the roadmap defined in the National Strategy on Climate Change. 
The climate change and sea level rise scenarios are built upon IPCC AR5. RCMs were used to 
dynamically downscale GCM model results for RCP4.5 and RCP8.5 from the CMIP5 catalogue. 
In total 16 model runs were used and are listed in Table A10, including the model experiments 
generated by CSIRO under the Vietnam Climate Futures program. Bias correction method was 
applied to the RCM data using station observation data to minimize bias in the model results. 
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Table A10 Models used for developing MONRE (2016) climate change scenarios (Source: 
MONRE, 2016). 

No. Model Organisation Calculated Scheme Resolution 

1 cIWRF NCAR, NCEP, FSL, 
AFWA, ... 

1) NorESM1-M 30km 

2 PRECIS UK Met Office  1) CNRM-CM5 
2) GFDL-CM3 
3) HadGEM2-ES 

25km 

3 CCAM CSIRO 1) ACCESS1-0 
2) CCSM4 
3) CNRM-CM5 
4) GFDL-CM3 
5) MPI-ESM-LR 
6) NorESM1-M 

10km 

4 RegCM ICTP, Italy 1) ACCESS1-0 
2) NorESM1-M 

20km 

5 AGCM/MRI JMA, Japan 1) NCAR-SST 
2) HadGEM2-SST 
3) GFDL-SST 
4) SST ensembles 

20km 

 

For all five provinces the key findings from MONRE (2016) are summarised below: 
Central Highlands (CH) summary 
 

• Table A11 shows that the multi-model mean annual projected changes in temperature for 
RCP4.5 and RCP8.5 the by the 2050s is of the order 1.4°C and 1.9°C respectively. There 

is a small range in model-to-model uncertainty in the projected changes. 

•  

• Table A12 shows that that there was large model-to-model variation in projected annual 
rainfall changes. However the general trend is for increases in annual rainfall with the 
largest in Dak Nong province of 11.3% and 17.2%, for RCP45 and RCP85 respectively. 

 
South Central (SC) summary 

• Table A11 shows that the multi-model mean annual projected changes in temperature for 
RCP4.5 and RCP8.5 by the 2050s is of the order 1.4°C and 1.8°C respectively. There is 

a small range in model-to-model uncertainty in the projected changes. 

•  

• Table A12 shows that that there was large model-to-model variation in projected annual 
rainfall changes. The greatest annual % change was for Binh Thuan province with 15% 
for RCP8.5, and secondly for Kanh Hoa province with 14.4% for RCP4.5. There are small 
amounts in annual drying shown by the 10% confidence level around the multi-model 
mean for Ninh Thuan and Kanh Hoa provinces.  
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Table A11 Summary of annual projected changes in average temperature (°C) compared to 
the period 1986 to 2005. The ranges are the 10% and 90% confidence levels around the multi-
model mean. Delta changes are the multi-model means from sixteen simulations. Green 
colouring is for Warmer (0.5 to 1.5°C), Yellow Hotter (1.5 to 3.0°C), Orange Much Hotter 
(>3.0°C) (Source: MONRE, 2016).  

 

 
RCP4.5 RCP8.5 

 

Temperature 

MID-

CENTURY 

(2046-2065) 

MID-CENTURY 

(2046-2065) 

 ΔT CHANGE 

(°C) 
ANNUAL ANNUAL 

Dak Lak (CH) 

Multi-model 

mean 

1.4 1.9 

Range 0.9 to 2.0 1.3 to 2.6 

Dak Nong 

(CH) 

Multi-model 

mean 

1.4 1.9 

Range 1.0 to 2.1 1.4 to 2.7 

Binh Thuan 

(SC)  

Multi-model 

mean 
1.3 1.8 

Range 0.9 to 2.0 1.3 to 2.5 

Ninh Thuan 

(SC) 

Multi-model 

mean 
1.4 1.8 

Range 1.0 to 2.0 1.3 to 2.5 

Kanh Hoa 

(SC) 

Multi-model 

mean 
1.4 1.8 

Range 0.9 to 2.0 1.2 to 2.5 
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Table A12 Summary of annual projected changes in rainfall (%) compared to the period 1986 to 
2005. The ranges are the 10% and 90% confidence levels around the multi-model mean. 
Percentage changes are the multi-model means from sixteen simulations. Red for Much Drier (<-
15), Orange Drier (-15 to -5), Green Little Change (-5 to 5), Light blue Wetter (5 to 15), Dark blue 
Much Wetter (>15) changes. (Source: MONRE, 2016).  

 

 

RCP4.5 RCP8.5 

 

RAIN 

MID-

CENTURY 

(2046-2065) 

MID-

CENTURY 

(2046-2065) 

 % CHANGE ANNUAL ANNUAL 

Dak Lak (CH) 

Multi-model 

mean 

7.6 8.7 

Range 0.8 to 15.7 1.8 to 16.2 

Dak Nong (CH) 

Multi-model 

mean 

11.3 17.2 

Range 3.3 to 20.7 13.6 to 21.1 

Binh Thuan 

(SC) 

Multi-model 

mean 
13.6 15.0 

Range 3.9 to 24.2 7.8 to 22.0 

Ninh Thuan 

(SC) 

Multi-model 

mean 
6.2 5.6 

Range -0.8 to 14.4 -1.5 to 12.5 

Kanh Hoa (SC) 

Multi-model 

mean 
14.4 8.1 

Range 3.9 to 25.5 -1.5 to 18.0 
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Regional climate projections used for the WEIDAP project 
 
A subset of sixteen (eight for RCP4.5 and eight for RCP8.5) downscaled model runs have been 
selected for the CRVA. In line with the Vietnam Climate Futures project the following GCMs were 
selected from the CMIP5 project CNRM-CM5, CCSM4, NorESM1-M, ACCESS1.0, MPI-ESM-LR 
and GFDL-CM3. They were selected because their ability to capture current climate and climate 
features such as El Niño Southern Oscillation (ENSO) (Katzfey et al., 2014), and for consistency 
with the MONRE (2016) national projections.  
 
Six of the GCMs have been statistically downscaled and are available from the NASA Earth 
Exchange Global Daily Downscaled Projections (NEX-GDDP) project5. The approach used to 
produce the NEX-GDPP dataset is described in detail by Thrasher et al., (2012). The NEX-GDDP 
dataset includes downscaled projections for RCP 4.5 and RCP 8.5 scenarios. Each of the climate 
projections includes daily maximum temperature, minimum temperature, and precipitation for the 
periods from 1950 through 2100.  
 
Two of the sixteen GCMs are dynamically downscaled by the Met Office as part of the MONRE 
(2016) national climate projections. The CNRM-CM5 and GFDL-CM5 GCM models from the 
CMIP5 project were dynamically downscaled using the PRECIS model which has spatial 
resolution of 25km. The dataset includes downscaled projections of RCP4.5 and RCP8.5 
scenarios. Each of the climate projections includes daily maximum, minimum and average 
temperature, and daily precipitation.  
 
Table A13 lists the advantages and limitations of statistical downscaling and dynamically 
downscaling techniques, it is important to understand these when comparing the two 
methodologies for scenario selection. 

  

                                            
5 https://nex.nasa.gov/nex/projects/1356/ 
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Table A13 The advantages and limitations of Dynamical and Statistical downscaling techniques 
(Source: https://www.ipcc.ch/ipccreports/tar/wg1/380.htm). 

Dynamical advantages Dynamical limitations 

 

• They can provide high resolution (up to 10 
to 20 km or less) and multi-decadal 
simulations and are capable of describing 
climate feedback mechanisms acting at 
the regional scale.  

• A number of widely used limited area 
modelling systems have been adapted to, 
or developed for, climate application. More 
recently, RCMs have begun to couple 
atmospheric models with other climate 
process models, such as hydrology, 
ocean, sea-ice, chemistry/aerosol and 
land-biosphere models. 
 

 

• Two main theoretical limitations of this 
technique are (1) the effects of systematic 
errors in the driving fields provided by 
global models; and (2) lack of two-way 
interactions between regional and global 
climate. 

• Depending on the domain size and 
resolution, RCM simulations can be 
computationally demanding. 

 

Statistical advantages Statistical limitations 

 

• One of the primary advantages of these 
techniques is that they are computationally 
inexpensive, and thus can easily be 
applied to output from different GCM 
experiments.  

• Another advantage is that they can be 
used to provide local information, which 
can be most needed in many climate 
change impact applications. The 
applications of downscaling techniques 
vary widely with respect to regions, spatial 
and temporal scales, type of predictors and 
predictands, and climate statistics. 

 

• The major theoretical weakness of 
statistical downscaling methods is that 
their basic assumption is not verifiable, i.e., 
that the statistical relationships developed 
for present day climate also hold under the 
different forcing conditions of possible 
future climates.  

• In addition, data with which to develop 
relationships may not be readily available 
in remote regions or regions with complex 
topography.  

• Another caveat is that these empirically-
based techniques cannot account for 
possible systematic changes in regional 
forcing conditions or feedback processes.  
 

 
WEIDAP climate projections and scenarios 
The range of projected changes in temperature and precipitation and selected scenario story lines 
for Ninh Thuan, Kanh Hoa and Dak Nong are shown in Box A1, Box A2 and Box A3 respectively. 
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Box A1 Ninh Thuan province projected climate and scenarios  

 

Figure A1 - Scatter plot of projected changes in temperature (Δ°C) and rainfall (%) for the 
RCP4.5 and RCP8.5 scenarios for the Ninh Thuan province. The projected changes in grey 
display the MONRE (2016) changes as squares for the Ninh Thuan province (RCP4.5 left and 
RCP8.5 right), and the Vietnam Climate Futures projected changes for the central highlands 
for RCP8.5 as diamonds. The projected changes selected for this project are in colour, 
whereby triangles and circles represent RCP4.5 and RCP8.5 respectively (Source: Met 
Office). 
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Box A1 Continued  

 

Figure A2 - shows the models that were selected for Ninh Thuan province for the: RCP4.5 ‘warm and 
wet’ (blue line), RCP8.5 ‘hotter and wet’ (green line), and RCP8.5 ‘hotter’ (red line) scenarios. The bar 
and line plot shows the monthly average of daily precipitation and median estimated PET mid-century 
(2041 to 2070) percentage changes applied to the models (grey line) baseline period (1976 to 2005) 
for each scenario (Source: Met Office). 

Scenario storylines:  

Scenario 1 is a 'warm and wet' scenario under lower emissions with warming of just over 1°C. 

Increases in rainfall at the beginning and end of the SW monsoon may prolong the wet season and the 

period when rainfall is greater than evaporation.  

Scenario 2 is a 'hot and wet' central scenario under high emissions with a warming of almost 2°C in 

this province. It has similar annual rainfall with increases during the SW monsoon (JJA). There may be 

a shorter but more intense monsoon season under this scenario.  

Scenario 3 is a hotter scenario under high emissions with a warming of 2.9°C. It has a drier start to 

the SW monsoon season and is likely to have a delayed onset in drier years.  
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Box A2 Kanh Hoa province projected climate and scenarios  

 

Figure A3 - Scatter plot of projected changes in temperature (Δ°C) and rainfall (%) for the RCP4.5 and 
RCP8.5 scenarios for the Kanh Hoa province. The projected changes in grey display the MONRE 
(2016) changes as squares for the Kanh Hoa province (RCP4.5 left and RCP8.5 right), and the Vietnam 
Climate Futures projected changes for the central highlands for RCP8.5 as diamonds. The projected 
changes selected for this project are in colour, whereby triangles and circles represent RCP4.5 and 
RCP8.5 respectively (Source: Met Office). 
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Box A2 Continued 

 

Figure A4 - shows the models that were selected for Kanh Hoa province for the: RCP4.5 ‘warm and 
wet’ (blue line), RCP8.5 ‘hotter and wet’ (green line), and RCP8.5 ‘hotter’ (red line) scenarios. The bar 
and line plot shows the monthly average of daily precipitation and median estimated PET mid-century 
(2041 to 2070) percentage changes applied to the models (grey line) baseline period (1976 to 2005) 
for each scenario (Source: Met Office). 

Scenario storylines:  

Scenario 1 is a 'warm and wet' scenario under a lower emissions with warming of  just over 1°C.It has 

similar rainfall except increases in rainfall during the rainfall maximum in October and November which 

may prolong the wet season and the period when rainfall is greater than evaporation.  

Scenario 2 is a 'hot and wet' central scenario under high emissions with a warming of almost 3°C in 

this province. It has similar annual rainfall except a decrease during the SW monsoon season. There 

may be a shorter but more intense monsoon season under this scenario.  

Scenario 3 is a 'hotter and drier' scenario under high emissions with a warming of 2.1°C. It has a 

drier end to the SW monsoon season during the rainfall maxima period of October and November.  
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Box A3 Dak Nong province projected climate and scenarios 

 

Figure A5 - Scatter plot of projected changes in temperature (Δ°C) and rainfall (%) for the RCP4.5 and 
RCP8.5 scenarios for the Dak Nong province. The projected changes in grey display the MONRE 
(2016) changes as squares for the Dak Nong province (RCP4.5 left and RCP8.5 right), and the Vietnam 
Climate Futures projected changes for the central highlands for RCP8.5 as diamonds. The projected 
changes selected for this project are in colour, whereby triangles and circles represent RCP4.5 and 
RCP8.5 respectively (Source: Met Office). 
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Box A3 Continued 

 

Figure A6 - shows the models that were selected for Dak Nong province for the: RCP4.5 ‘warm and 
wet’ (blue line), RCP8.5 ‘hotter and wet’ (green line), and RCP8.5 ‘hotter’ (red line) scenarios. The bar 
and line plot shows the monthly average of daily precipitation and median estimated PET mid-century 
(2041 to 2070) percentage changes applied to the models (grey line) baseline period (1976 to 2005) 
for each scenario (Source: Met Office). 

Scenario storylines:  

Scenario 1 is a 'warm and wet' scenario under lower emissions with warming of just over 1°C. 

Increases in rainfall throughout the SW monsoon may prolong the wet season and the period when 

rainfall is greater than evaporation.  

Scenario 2 is a 'hot and wet' central scenario under high emissions with a warming of 2.5°C in this 

province. It has similar annual rainfall with increases during the SW monsoon and a decrease during 

Monsoon onset (April). There may be a shorter but more intense monsoon season under this scenario.  

Scenario 3 is a ‘hotter scenario’ under high emissions with a warming of 2.4°C. It has a drier SW 

monsoon season during the rainfall maximum period during September and October and is likely to 

have a delayed onset in drier years.  
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9.7 Appendix 7: Deliverable from CRVA Hydrologist  
 
9.8 Appendix 8: Economic Evaluation of Climate Risks 
 
Du Du – Tan Thanh and Ea Drang Subprojects 

A. Introduction 
 

The WEIDAP project is being proposed in response to recent damaging droughts in five provinces 
of south-central Viet Nam.  Eight irrigation subprojects are to be built serving high-value crops in 
three coastal and two highlands provinces.  As part of the project design process economic 
analyses have been made for each of these subprojects and the results have been subjected to 
a variety of sensitivity analyses regarding normal expected risks to project performance.  The 
Climate Change Risk and Vulnerability Assessment for the Project has developed various risk 
scenarios that are specifically climate related.  In order to assess the economic viability of the 
subprojects under the conditions of these climate scenarios, additional sensitivity tests have been 
developed and applied to the economic analyses for two of the subprojects.   
 
The Du Du – Tan Thanh subproject is located in the coastal Binh Thuan province in an area 
dominated by dragon-fruit cultivation.  The Ea Drang scheme is actually one of five separate 
irrigation schemes to be built under the Dak Lak subproject in the central highlands.  Coffee and 
black pepper are the normal crops of choice in Ea Drang.  Farmers in both subproject areas 
currently rely on groundwater for their irrigation needs and in both areas this water source is 
growing increasingly hard to reach.  The proposed subprojects will draw water from reservoirs 
and deliver it to farmers through pipe systems, providing an increased and more reliable supply 
than currently exists. 
 
9.8.1 Methodology 
 
In this economic and financial analysis of these subprojects all benefits and costs are examined 
in order to assess the viability of the investments.  Costs and benefits within the Ea Drang and 
Du Du – Tan Thanh irrigation command areas are calculated for two alternative scenarios:  “With” 
the project and “Without” the project.  “Without” the project is not really the same as the current 
situation given that the declining water tables in each area indicate that cultivation may deteriorate 
over what would have been the expected project life-span had the systems been built.  The same 
area (150 ha in Ea Drang and 1,960 ha in Du Du – Tan Thanh) that the subprojects will serve will 
be examined in both scenarios.  The intent is to identify the incremental value of production 
allowed by each project (over its expected useful life) and compare this value to the incremental 
cost of implementing that project and of operating and maintaining the piped water system over 
time. 
 
To develop a model for the analysis certain assumptions are made regarding future practice (both 
“with” and “without” the Project) and about the valuation of inputs and outputs.  These include: 
 

• Project life is counted as 25 years.  That is, assuming adequate maintenance (both annual 
and, occasionally, major), the irrigation system should be able to maintain its expected 
benefits for 25 years. 

• “Without” the project present cultivation patterns and technology are expected to continue 
for the life of the project --- with the exception that declining groundwater availability may 
slowly decrease the area dedicated to high-value crops. 

• Coffee and pepper (in Ea Drang) and dragon-fruit (in Du Du – Tan Thanh are perennial 
plants which can be productive for many years.  In the first year (for each of these crops) 
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the farmer incurs a heavy investment in land clearance, installation of poles, planting, etc.  
A limited harvest can be made in the second year for dragon-fruit and pepper and in the 
fourth year for coffee, increasing over the following years. At any given time the subproject 
areas will have some of each of their crops in all stages of growth and production.  It is 
assumed in this analysis that the average life of the pepper plant is 13 years --- and that, 
at any given time, 1/13th of the land devoted to pepper has pepper in its first year, 1/13th 
in its second year, etc. through 13 years when the old plants are ripped out and new plants 
are installed.  Appropriate yield and crop cost figures are applied to each of these plant 
cohorts.  A similar assumption is made for dragon-fruit and coffee except that for coffee 
the assumed plant life is 20 years rather than 13. 

• “With” the project, the planned piped area is expected to continue to be irrigated 
throughout the life of the project, allowing farmers to adopt appropriate crop technologies 
so as to improve production. 

• Some agricultural inputs such as farm labor are provided by the farm household but are 
valued at the market rate as if hired. 

• Values are expressed in constant 2017 prices so as to exclude inflation. 

• The Vietnamese Dong is the unit of account.  The exchange rate used is Dong 22,600 per 
U.S. dollar. 
 

Financial prices used in this analysis were identified through field visits conducted by the PPTA 
team.  These prices have been cross-checked with prices identified in other projects and in some 
secondary sources. 

 
In order to assess the Project’s contributions (and costs) to the economy of Viet Nam it is 
necessary to convert financial values into their economic equivalents.  Economic valuations 
exclude transfers from one part of society to another (i.e. taxes, subsidies and payments for 
resettlement compensation) and attempt to facilitate the comparison of project benefits and real 
opportunity costs to the economy of Viet Nam by translating all prices onto a common, undistorted, 
footing.  Basic assumptions (in addition to those above) used in the economic analysis include: 

 

• The use of a border price numeraire.                       

• In the case of major tradable commodities economic values are based on border parity 
prices. 

• For non-traded goods and services a standard conversion factor (SCF) of 0.9 is used.  

• Transfer payments such as taxes and subsidies are excluded in the calculation of 
economic values. 

• To calculate the economic net present value (ENVP) of the subproject a discount rate of 
12 percent is used as representing the opportunity cost of the capital invested. 

 
Tables showing the flow of calculations for the economic analysis can be found in Supplementary 
Appendix 4 of the WEIDAP documents.  In that supplementary appendix tables 4.1.1 to 4.1.4 
show the derivation of economic prices used in the analyses for each of the subprojects.  The set 
of tables specific to Du – Du Tan Thanh are 4.2.1 to 4.2.10 and show the analytic flow from 
defining command area land use (both “without” and “with” the project) through crop patterns, 
yield, crop revenue, crop inputs and costs, labor inputs, investment cost and economic investment 
returns.  For Ea Drang similar tables have been developed numbered 4.5.1 to 4.5.10. 
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9.8.2 Subproject Benefits 
 
About 70% of the proposed command area of the Ea Drang scheme is currently rain-fed, 
preventing the cultivation of high-value crops such as coffee and black pepper.  The pumped pipe 
systems of the schemes will provide irrigation to these currently rain-fed areas, allowing a 
conversion to the much more profitable HVCs.  In Du Du – Tan Thanh there is currently a small 
area devoted to rice that is expected to shift, with the project, to the more lucrative dragon-fruit. 
 
The planned subproject schemes are designed to provide a more secure and ample supply of 
water than in the past.  This water will be available at lower cost than that of pumping from the 
receding sources of groundwater which are currently utilized.   
 
For those farmers who choose to stay with their groundwater source there should also be a benefit 
in that fewer farms will be tapping into the groundwater table and a decline in this source of water 
may be decreased or reversed compared to the “without” project situation.  In Du Du - Tan Thanh 
it is expected that saline intrusion will, to some extent, be held at bay due to the decreased 
withdrawal of groundwater. 
 
“With” the project the additional and more reliable water supply can be expected, by itself, to 
improve yield and improve the average quality grade (resulting in a higher price) of the coffee, 
black pepper and dragon-fruit harvests. The improved water regime should also provide incentive 
to the farmers to apply the most effective level of inputs to further improve yield.  An increase in 
yield of 10% is assumed for farms using the piped subproject water and of 5% for farms continuing 
to use groundwater.  Compared with the “without” project situation, another benefit of the 
subproject will be to reverse the expected trend of declining high-value crop cultivation as the 
groundwater level continues to decline. 
 
Calculation has been made of the net value (“with” vs “without” the project) of incremental crop 
production for each year throughout the expected useful life of the subproject.  Construction is 
not really expected to greatly affect crop production during its implementation given that farmers 
currently are using groundwater which will not be disturbed.  After an initial increase in production 
due to the better water regime provided by the project there will be further very gradual growth in 
incremental production due to the expected “without” project contraction of the irrigated area 
during the life of the subproject due to the expected decline in groundwater availability and quality.  
 
9.8.3 Subproject Costs 
  
The construction of the Du Du-Tan Thanh subproject has been estimated at 390 billion VND (US$ 
17.3 million – or USD 8.8 thousand per ha).  In economic terms the cost is 298 billion VND.  Costs 
include construction, detailed design and supervision, resettlement compensation, O&M during 
the construction period, the cost of connecting interested farmers to the piped water distribution 
system and a portion of the cost for poorer farmers converting to more efficient irrigation methods.  
O&M is estimated at only 1% of these investment costs as piped systems are largely underground 
and well protected and the running of the system involves no expenditure for pumping.  It is 
assumed that every eighth year there will be a major maintenance effort estimated at 30% of 
construction cost. 
 
The construction of the Ea Drang scheme has been estimated at 25.4 billion VND (US$ 1.1 million 
– or USD 7.3 thousand per ha).  In economic terms the cost is 20.7 billion VND.  Costs include 
construction, detailed design and supervision, resettlement compensation, O&M during the 
construction period, the cost of connecting interested farmers to the piped water distribution 
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system and a portion of the cost for poorer farmers converting to more water efficient irrigation 
methods.  O&M is estimated at 2% of these investment costs as piped systems are largely 
underground and well protected though the operation of these systems does involve the cost of 
pumping.  It is assumed that every eighth year there will be a major maintenance effort estimated 
at 30% of construction cost. 
 

B. Base Case Economic Returns 
 
To calculate the economic returns of the subproject the net incremental value of crop production 
(the quantifiable benefit of the project) is determined for each year of project life and arranged as 
a stream of cash flow.  Costs are similarly arrayed --- with design costs falling in the first year, 
construction occurring in the following three years followed by annual operation and maintenance 
costs in each subsequent year (with a somewhat more major periodic maintenance expenditure 
every eighth year after construction.  To calculate the cash flow of net project economic benefits 
the cost cash flow is subtracted from the benefit cash flow. 
 
The Du Du-Tan Thanh subproject is very much expected to be economically viable.  The 
calculated economic internal rate of return (EIRR) is 22.7% --- despite the conservative nature of 
assumptions about crop yield increases and the prospective decline of dragon-fruit cultivation in 
the “without” project scenario.  The economic net present value (ENPV) of the subproject is 249.5 
billion VND. 
 
The Ea Drang scheme is also expected to be solidly economically viable.  The EIRR is 20.2% 
and the ENPV is 13.0 billion VND. 
 

C. Economic Evaluation of Climate Risks 
 
To look at the effects of the identified climate risks on each subproject’s economic contribution 
and viability an examination is made of changes to the EIRR associated with each climate risk 
factor under the three climate change scenarios developed for the Climate Risk and Vulnerability 
Assessment.  These scenarios are:  i) Warm and Wet; ii) Hot and Wet; and iii) Hotter. Table 1 (for 
Du Du – Tan Thanh) and Table 2 (for Ea Drang) present the various EIRRS associated with the 
risks discussed below. 
 
9.8.4 Du Du - Tan Thanh Subproject, Binh Thuan Province  
 
Water Resources:  In the Warm/Wet and Hot/Wet scenarios no change in water resources is 
expected.  However, under the Hotter scenario it is possible that part of the subproject command 
area (1,960 ha) will gradually fall out of use due to water shortages caused by increased demand 
and higher evaporation rates.  This trend over the life of the subproject may cause the loss of 
20% of the command area (CA), or 392 ha, involving an average decrease of 0.54% per year 
starting in 2025.  If this were to happen the EIRR would drop from its base-case level of 22.7% to 
22.1% --- a very small effect.  The rate of decrease would have to be 18.6% per year to reach the 
“switching value” at which the EIRR falls to its minimum acceptable level of 12%.   
 
Another risk associated with water resources is that the level of service of irrigation may decrease 
from the designed 85%.  This is not expected to be an issue with the Warm/Wet and Hot/Wet 
scenarios but under the Hotter scenario the level of service may drop to 70%.  Assuming that the 
area that can be covered by this decreased service is proportional to the drop in service relative 
to the designed service, a long term declining trend would drop the EIRR to 22.2% with a switching 
value similar to that above. 
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Rising sea levels associated to climate change may cause saline intrusion, causing a loss of CA 
or an increased demand for the piped surface water of the scheme.  These risks are estimated to 
possibly cause a long term loss of 1% of the CA by the end of the project’s estimated life (of 25 
years) under the Warm/Wet scenario, 2.5% under Hot/Wet and 5% under the Hotter scenario.  As 
these levels of decline are much smaller than those discussed above, the EIRR shows almost no 
change, dropping to 22.6% only under the Hotter scenario. 
 
Agriculture:  An increase in extreme and extended droughts are a real risk of climate change in 
the region of Du Du – Tan Thanh.  40% to 70% less water may be available for crops.  For the 
economic test of this risk it is assumed that a serious drought affects the perennial dragon-fruit 
production of the area by 50% for three years and by 25% in the following year.  In the Warm/Wet 
scenario such a drought is assumed in the latter period of the subproject’s life (starting in 2040).  
The EIRR would drop only to 22.5%.  The Hot/Wet scenario may have such a drought in the 
middle of the subproject’s life (2032) and would cause the EIRR to drop to 21.8%.  Both an early 
(2025) and late drought under the Hotter scenario would result in an EIRR of 18.7%.  If this last 
scenario had an early, middle and late drought event the EIRR would be 17.4% and the switching 
value would occur only if production dropped to 11% of the base case level. 
 
An increase in flooding is also a risk of climate change.  Flood events are here assumed to cause 
a one-year decrease of 25% of crop production.  An early (2025) flood under the Warm/Wet 
scenario would result in an EIRR of 22.1%.  A middle (2032) flood under the Hot/Wet assumption 
would cause the EIRR to be 22.6% and a late flood (2040) would have an unchanged EIRR of 
22.7%. 
 
Infrastructure:  Flooding is also likely to damage the subproject’s infrastructure.  A major flood 
is assumed to necessitate repairs equivalent to 25% of the initial construction cost of the 
subproject.  An early flood’s infrastructure cost effect in the Warm/Wet scenario would decrease 
the EIRR to 21.0% (and combined with the crop damage the EIRR would drop to 20.4%).  A 
middle (2032) flood situation (Hot/Wet) would have an EIRR of 22.4% (22.2% if crop damage is 
included) while a late flood (Hotter scenario) would be associated with an EIRR of 22.7%. 
 
Initial “climate proofing” of the infrastructure, raising investment costs perhaps by 20%, would 
drop the EIRR to 19.4%. 
 
If climate-associated risks were to decrease the expected 25 year project life to 15 years the EIRR 
would drop to 21.3%.  Only at a 7 year project life would the switching value be reached. 
 
9.8.5 Ea Drang Subproject in Dak Lak 
 
Water Resources:  As with Du Du – Tan Thanh, in the Warm/Wet and Hot/Wet scenarios for the 
Ea Drang subproject no change in water resources is expected.  However, under the Hotter 
scenario it is possible that part of the subproject command area (150 ha) will gradually fall out of 
use due to water shortages caused by increased demand and higher evaporation rates.  This 
trend over the life of the subproject may cause the loss of 10% of the command area (CA), or 15 
ha, involving an average decrease of 0.54% per year starting in 2025.  If this were to happen the 
EIRR would drop from its base-case level of 20.2% to 19.8% --- a very small effect.  The rate of 
decrease would have to be 15.3% per year to reach the “switching value” at which the EIRR falls 
to its minimum acceptable level of 12%.   
 
Another risk associated with water resources is that the level of service of irrigation may decrease 
from the designed 85%.  This is not expected to be an issue with the Warm/Wet and Hot/Wet 
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scenarios but under the Hotter scenario the level of service may drop to 70%.  Assuming that the 
area that can be covered by this decreased service is proportional to the drop in service relative 
to the designed service, a long term declining trend would drop the EIRR to 19.5% and the 
switching value would be similar to that above. 
 
Agriculture:  An increase in extreme and extended droughts are a real risk of climate change in 
the region of Ea Drang.  40% to 70% less water may be available for crops.  For the economic 
test of this risk it is again assumed that a serious drought affects the perennial coffee and black 
pepper production of the area by 50% for three years and by 25% in the following year.  In the 
Warm/Wet scenario such a drought is assumed in the latter period of the subproject’s life (starting 
in 2040).  The EIRR would drop only to 19.9%.  The Hot/Wet scenario may have such a drought 
in the middle of the subproject’s life (2032) and would cause the EIRR to drop to 18.9%.  A late 
drought under the Hotter scenario would, again, result in an EIRR of 19.9%.  If this last scenario 
had an early, middle and late drought event the EIRR would be 12.6% and the switching value 
would occur only if production dropped to 47% of the base case level in all three of those droughts. 
 
An increase in flooding and erosion is also a risk of climate change in Ea Drang.  Flood and major 
erosion events are here assumed to cause a one-year decrease of 25% of crop production.  An 
early (2025) flood under the Warm/Wet scenario would result in an EIRR of 19.3%.  A middle 
(2032) flood under the Hot/Wet assumption would cause the EIRR to be 20.0% and a late flood 
(2040) would have an almost unchanged EIRR of 20.1%. 
 
Infrastructure:  Flooding is also likely to damage the subproject’s infrastructure.  Again, a major 
flood is assumed to necessitate repairs equivalent to 25% of the initial construction cost of the 
subproject.  An early flood’s infrastructure cost effect in the Warm/Wet scenario would decrease 
the EIRR to 18.5% (and combined with the crop damage the EIRR would drop to 17.7%).  A 
middle (2032) flood situation (Hot/Wet) would have an EIRR of 19.3% (19.0% if crop damage is 
included) while a late flood (Hotter scenario) would be associated with an EIRR of 20.1% (20.0% 
when crop damage is included). 
 
Initial “climate proofing” of the infrastructure, raising investment costs perhaps by 20%, would 
drop the EIRR to 17.1%. 
 
If climate-associated risks were to decrease the expected 25 year project life to 15 years The 
EIRR would drop to 18.6%.  Only at an 8 year project life would the switching value be reached. 
 
9.8.6 Economic Returns and Climate Risks 
 
In Tables 1 and 2 and in the above elaboration of the results it is obvious that the climate scenarios 
examined may pose little risk to the economic viability of the subproject investment except 
possibly in the case of three or four severe droughts during the life of the project.  This does NOT 
mean that the climate risk situations discussed would have only minor effects on farm output or 
project infrastructure.  Quite the opposite may be true.  However, the climate risk situations would 
affect the subproject area BOTH in the “without” project situation as well as “with” the project.  So 
if a severe drought were to cause production to decline by 50% “with” the project a comparable 
decline would be expected from that drought “without” the project.  The economic return measures 
(such as the EIRR) concentrate on the increment or difference between the two scenarios (“with” 
and “without”).  At least some of that increment may still exist when comparing a drought’s effect 
on the situation “with” the project vs “without” the project.  This limits the decrease in the EIRR 
due to a drought risk.  Only the risks to project infrastructure do not involve comparable costs in 
the “without” project situation. 
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Another reason for the small climate risk effects on the subproject’s returns is that benefits and 
costs further in the future are discounted more heavily in the calculation than more immediate 
benefits and costs.  At a 12% EIRR, year 1 costs and benefits are discounted by only 12%.  But 
year 25 values are discounted by 12% per year for 25 years to less than 6% of their nominal 
levels.  Years 2 through 24 range between these extremes. This means that only major climate 
effects in the early years of project life can have the potential to put the economic viability of a 
subproject at risk. The more severe climate risks examined above (major droughts or floods) are 
of only one to four years duration.  To have major effects on project economic returns it is likely 
that a risk would have to demonstrate severe effects on project output or costs starting early in 
the life of the project and lasting a very long time.  
 
9.8.7 Farm Household Income and Climate Risks 
 
While the climate risks examined have had limited effects on the project’s economic returns, 
climate risk effects on farm income can be quite severe.  The financial net present value (NPV) 
per household represents farm households’ (hh) over-all crop incomes over the period of the 
expected project life, discounted to the present (using a 12% discount rate).  This over-all NPV/hh 
can be examined under the various climate risks.  Household net crop revenue in its worst year 
(whatever year that might be) can also be looked at under the different climate risk scenarios. 
 
In Du Du – Tan Thanh the base case NPV/hh is 1,809 mill. VND “without” the project and 2,101 
mill. VND “with” the project.  In Table 1 it can be seen how these NPV figures change under the 
various scenarios of climate risk that have been examined.  The greatest effect on NPV/hh is for 
the situation where there are deep droughts in the early, middle and late periods of project life.  In 
that case the NPV/hh drops 24% to 1,381 mill. VND “without” the project and to 1,594 mill. VND 
“with” the project.  (The EIRR also has a 24% fall in this scenario.) 
 
The financial net crop revenue per hh declines slightly over time in Du Du – Tan Thanh and the 
base case low is 206 mill. VND “without” the project and 282 mill. VND “with” the project.  During 
a late deep drought, however, the net crop revenue per hh declines to 22 mill. VND in the “without” 
project scenario and to 47 mill. VND “with” the project --- the worst farm income effect of any of 
the climate risks examined.    
 
In Ea Drang the base case “without” project NPV/hh is 288 million VND while “with the project the 
NPV/hh is 546 million VND.  Table 2 presents the changes that occur to these NPV/hh figures 
under the various climate risk scenarios.  Again the climate risk of deep droughts scattered in 
early, middle and late periods of project life shows the greatest effect on NPV/hh.  In this case the 
“without” project case has a NPV/hh of 176 mill. VND and the “with” project case is 335 mill. VND.  
These figures are a 39% fall from the base case.   
 
Multiple deep droughts in Ea Drang also contain the lowest annual net crop revenue per hh of 
any of the climate risk scenarios.  While the base case “without” the project is 24 mill. VND and 
“with” the project is 84 mill. VND, farm households can face a major losses of up to 22 mill. VND 
(“without” the project) and 11 mill. VND (“with” the project) in the depths of a drought.  (The 
increment between the “with” and “without” situation remains the same, however, despite the 
negative revenue figures.) 6 

                                            
6  Farmers are likely to incur most (if not all) of their cost of production each year in the hope/expectation that the 

drought will not continue.  A drought-induced steep decline in yield in that year will result in a large decrease in net 
crop revenue and can, sometimes, mean a financial loss for the year.  Assuming that crop costs are fairly stable, a 
decline in yield of a similar proportion (“with” and “without” the project) will mean that the “with” project profit will sti ll 



 



 

 

Table 1:  Summary Climate Risk Figures for Du Du Tan Thanh Subproject 

  

Du Du - 

Tan Thanh

Subproject Command Area ha 1,960        

Expected  Total incremental Net Crop Economic Value (year 10) bill. VND 110.1        

$ '000 4,872.7     

Households

Estimated Number of Benefited Households Number 1,782        

Average Estimated ha per Household within the command area 1.1            

Expected Incrmental Net Crop Fin. Value per Household (year 10) mill. VND 61.1

$ '000 2.7

Costs:

Financial Cost of Subproject bill. VND 390.3        

$ '000 17,271.4    

Cost per ha $ '000 8.8            

Economic Cost of Subproject bill. VND 298.0        

Economic Returns:

EIRR (base case) % 23%

ENPV (base case) with a discount rate of 12% bill. VND 250.5        

Climate Risk Sensitivity Tests (relative to base case EIRR)

% of base 

risk factors

 General 

Project 

 Switching 

Value 

 1.  Warm 

and Wet 

Scenario 

 2.  Hot 

and Wet 

Scenario 

 3.  Hotter 

Scenario 

EIRR % of base EIRR EIRR EIRR W/O With W/O With

Base Case 23% 1,809 2,101 # 206 282

Risk Factors

Water Resources (Trend reductions from 2025 to end of project life)

a. Reduction in Command Area due to water scarcity (Scenario 1 & 2) no change no change no change

Reduction in Command Area by 0.54%/yr reaching 392 ha (20%) total -20%  - 18.6%/yr 22.1% 1,753 2,029 # 164 224

b. Level of service of irrigation scheme (Scenario 1 & 2) no change no change no change

Level of service of 70% vs 85% base case (Scenario 3) -82%  - 18.6%/yr 22.2% 1,761 2,038 # 169 231

c. Trend reduction in Command Area due to saline intrusion (Scenario 1) -1%  - 18.6%/yr 22.7% 1,807 2,098 # 204 279

Trend reduction in Command Area due to saline intrusion (Scenario 2) -2.5%  - 18.6%/yr 22.7% 1,803 2,092 # 201 275

Trend reduction in Command Area due to saline intrusion (Scenario 3) -5%  - 18.6%/yr 22.6% 1,796 2,083 # 195 267

Agriculture

a. Deep drought crop yield loss (50% loss for 3 yrs, 25% loss for 1 yr)

Late drought (Scenario 1) 50% N/A 22.5% 1,767 2,048 # 22 47

Mid drought (Scenario 2) 50% N/A 21.8% 1,701 1,970 # 24 47

Early drought plus late drought (Scenario 3) 50% N/A 18.7% 1,489 1,724 # 22 47

Early middle and late drought (Scenario 3 extreme) 50% 11.0% 17.4% 1,381 1,594 # 22 47

b. Crop losses due to flood damage (25% loss for one year)

Early flood (Scenario 1) 75% N/A 22.1% 1,763 2,048 # 127 165

Mid flood (Scenario 2) 75% N/A 22.6% 1,792 2,080 # 122 164

Late flood (Scenario 3) 75% N/A 22.7% 1,802 2,092 # 117 164

Infrastructure

a. Climate proofing involving an increase in investment cost of 20%) 120% 19.4% 191%

b. Destruction of infrastructure due to floods (emergency major O&M exp.)

Early flood (Scenario 1) (25% of investment cost) 25% 185% 21.0%

Mid flood (Scenario 2) (25% of investment cost) 25% 458% 22.4%

Late flood (Scenario 3) (25% of investment cost 25% N/A 22.7%

Project Life Reduction

Project life reduced to 15 years vs base case of 25 years 60% 21.3% 7 years

Financial NPV/hh : 

mill. VND

Financial Net Crop 

Revenue per hh in 

the worst year:                         

mill. VND



 

 

Table 2:  Summary Climate Risk Figures for  the Ea Drang Scheme of the Dak Lak Subproject 

 

 Ea Drang 

(part of 

Dak Lak) 

Subproject Command Area ha 150           

Expected  Total incremental Net Crop Economic Value (year 10) bill. VND 11.3          

$ '000 499.1        

Households

Estimated Number of Benefited Households Number 125           

Average Estimated ha per Household within the command area 1.2            

Expected Incrmental Net Crop Fin. Value per Household (year 10) mill. VND 88.6

$ '000 3.9

Costs:

Financial Cost of Subproject bill. VND 25.4          

$ '000 1,125.2     

Cost per ha $ '000 7.5            

Economic Cost of Subproject bill. VND 20.7          

Economic Returns:

EIRR (base case) % 20.2%

ENPV (base case) with a discount rate of 12% bill. VND 13.0          

Climate Risk Sensitivity Tests (relative to base case EIRR)

% of base 

risk factors

 General 

Project 

 Switching 

Value 

 1.  Warm 

and Wet 

Scenario 

 2.  Hot 

and Wet 

Scenario 

 3.  Hotter 

Scenario 

EIRR % of base EIRR EIRR EIRR W/O With W/O With

Base Case 20.2% 288.3 545.7 24.2 83.6

Risk Factors

Water Resources (Trend reductions from 2025 to end of project life)

a. Trend reduction in Command Area due to water scarcity (Scenario 1 & 2) no change no change no change

Trend reduction in Command Area by 0.54%/yr reaching 15 ha (10%) total loss -10%  - 15.3%/yr 19.8% 284.5 534.7 21.5 74.8

b. Trend decline in level of service of irrigation scheme (Scenario 1 & 2) no change no change no change

Trend decline inlevel of service to 70% vs 85% base case (Scenario 3) -82%  - 15.3%/yr 19.5% 280.1 522.9 # 18.5 67.2

Agriculture

a. Deep drought crop yield loss (50% loss for 3 yrs, 25% loss for 1 yr)

Late drought (Scenario 1) 50% N/A 19.9% 278.0 524.5 # -20.6 -10.7

Mid drought (Scenario 2) 50% N/A 18.9% 261.2 493.3 -21.5 -10.7

Late drought  (Scenario 3) 50% N/A 19.9% 278.0 524.5 # -20.6 -10.7

Early drought (Another Scenario 3 altertnative) 50% 15.0% 15.2% 212.8 408.8 -20.1 -6.3

Early middle and late drought (Scenario 3 extreme) 50% 47.0% 12.6% 175.5 335.2 -21.5 -10.7

b. Crop losses due to flood damage (25% loss for one year)

Early flood (Scenario 1) 75%  N/A 19.3% 275.6 523.0 # 8.4 45.5 

Mid flood (Scenario 2) 75%  N/A 20.0% 283.8 537.1 # 3.0 36.5 

Late flood (Scenario 3) 75%  N/A 20.1% 286.6 542.2 # 2.3 36.5 

Infrastructure

a. Climate proofing involving an increase in investment cost of 20%) 120% 17.1% 166%

b. Destruction of infrastructure due to floods (emergency major O&M exp.)

Early flood (Scenario 1) (25% of investment cost) 25% 142% 18.5%

Mid flood (Scenario 2) (25% of investment cost) 25% 165% 19.3%

Late flood (Scenario 3) (25% of investment cost 25% 770% 20.1%

Project Life Reduction
Project life reduced to 15 years vs base case of 25 years 60% 18.6%  8 years 

Financial NPV/hh : 

mill. VND

Financial Net Crop 

Revenue per hh in 

the worst year:                         

mill. VND


