
This technical policy brief presents the key findings of a water accounting analysis in the Ca Basin 
for the period January 2003 to December 2013 using the Water Accounting Plus (WA+) framework 
(www.wateraccounting.org) undertaken by Winrock International. Central issues in water 
management in Northern Vietnam have always been about securing water for sustainable growth, 
food security and poverty reduction, and minimising the impact of natural disasters. Through this WA+ 
study, hydrological processes and water management options are now better quantified and 
understood for the Ca Basin. A list of several recommendations the Government of Vietnam is 
provided. The water accounting pilot study in the Ca Basin is part of the USAID funded Vietnam 
Forests and Deltas (VFD) project 

Water Resources Conditions in Ca Basin

Technical policy brief

Current problems with tropical droughts in 
the Ca basin are caused by (1) decline in 
rainfall, (2) overallocation of water 
resources and (3) poor water management 
practices. Using WA+, we propose to use 
the forested mountains as a "green 
battery" to store water for they dry season 
while also providing a wide range of other 
important ecosystem  services for the 
densely populated delta. Furthermore, we 
advocate on strengthening mandates and 
training on water resource management to 
harmonize water supply and demand.

Water Accounting Plus (www.wateraccounting.org)

Location of the Ca river basin in Vietnam and LDPR.
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Synthesis WA+ facts

Area:
 27000 km2

Population
5 million

Main stream
270 km

⅔ area located 
in Vietnam

High elevations:
2200 - 2600 m

AMSL

Capital:
Vinh

inhabitants:
0.5 million 

Only 4% of the 
rainfall can be 
stored in dams

Tributaries:
Nam nem, Nam 
Mat and Nam 
Mo (LDRP)

8 different ethnic 
groups

Villages prone to 
flooding

High forest 
cover 

(mountains)

Rice is the 
dominant crop

settlements and 
cropland in the 

valley

Aquaculture 
occurs in the 

delta

Dams for flood 
protection and 

hydropower

Four unique geographical aspects

1. There are distinct wet and dry seasons; While 
the wet season is plagued with excessive and 
non-utilizable water resources, the dry season has 
insufficient water to meet water supply to all water 
use sectors. River flow is insufficient to sustain 
freshwater and estuarine ecosystems

2. Most rainfall occurs in the downstream end, 
which makes storage of excess water 
cumbersome and the flat topography enhances 
flood risks     

3. The basin has a large portion of primary and 
secondary forest cover. Forest plantation programs 
have been successful in increasing forest cover 
sustainably and the biodiversity of the Ca Basin 
has a significant “green battery” function for 
Southeast Asia

4. The delta living environment is vulnerable to 
flooding, sea level rise, land subsidence and 
seawater intrusion

The Ca Basin is over-exploited 
during 3 months (February to April) 
leading to violation of environmental 
flow requirements with the salt 
tongue getting deeper land inward 
and water quality deteriorating. 
These processes will worsen during 
the next 50 years with sea level rise 
and higher evapotranspiration rates;

The amount of water supplied to 
irrigation systems is relatively low 
due (2.7 km3/yr) because the rainfall 
surplus (P – ET) is mostly positive 
throughout the year. Irrigation in the 
Ca basin is more a system of 
supplementary water supply;

The releases from large dams are 
approximately 2.0 km3/yr and 0.7 
km3/yr is directly from streams and 
rivers. Total blue water consumption 
in irrigation, industries and domestic 
sector together is 0.6 km3/yr. This is 
equivalent to a basin efficiency of 
48%.

More water is consumed by pollution (grey 
water consumption is 3.3 km3/yr) than by 
incremental evapotranspiration due to irrigation 
(blue water consumption is 0.6 km3/yr). More 
attention to water contamination can save 
water.

2



Water Accounting Plus (www.wateraccounting.org)

Protected Land Use (PLU)

Natural land cover, light utilization 
and limited human influence 

Managed Water Use (MWU)

The economic benefits per unit of water are 
2.5 to 3 times more for sugarcane and 
cassava as compared to the benefits of rice. 
Fish ponds can be even a factor 10. 
simultaneously with the introduction of higher 
value crops that provides more jobs and 
higher incomes import of rice from outside the 
basin could be considered;

Climate change: the extra complication

A rainfall (P) analysis for the last 30 years  reveals that natural variability occurs, but that the rainfall 
between 1981 to current is decreasing with approximately -5 mm/yr every year (or in other words: 
-180 mm/yr less across a total period of 36 years!). The climate change predictions made by the 
International Panel on Climate Change (IPCC) for the Ca Basin suggest an atmospheric conditions 
with higher temperatures and evapotranspiration (ET) rates. Reduction of rainfall surplus (P-ET) will 
thus inevitably enhance the water shortage situation during the dry season, and adversely affect 
agricultural crop production. The rise of temperatures will induce in addition heat stress in rice.

Climate-related stresses in coastal areas will include loss and salinization of agricultural land resulting 
from changes in sea level, likely changes in the intensity of tropical cyclones, and the possibility of 
reduced productivity in coastal and oceanic fisheries. Potential land loss resulting from sea-level rise 
and the number of people exposed is a serious possibility. The impacts could be exacerbated by 
continued population growth in low-lying agricultural and urban areas.

Soil moisture and groundwater are 
responsible for 76 % of the storage capacity 
during the dry season;

   
Utilized Land Use (ULU)

   
Modified Land Use (MLU)

   
Land use with protection status

   
Modified to better serve the 

economic demands

   
Equipped with infrastructure and 

utilities to bring the water to 
intended processes

The share of the different land use classes in the Ca basin

Landuse classification of Ca river basin
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Forests consume 72% of the basin 
evapotranspiration. Timber plantations 
consume more water than irrigated crops
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Observations from WA+
   

Water resources

On an annual scale, the basin is endowed with many water 
resources. Rainfall provides 53.8 km3/yr (or 1985 mm/yr). 
The spatial distribution of rainfall is shown right. Many areas 
in the downstream part receive more (2300 mm/yr) than the 
upstream end in LPDR (1250 mm/yr). Flood risk is thus not 
only caused by runoff from the upstream mountains, but to 
a large extent influenced by local rainfall. 

   
Spatial patterns of rainfall and 

evapotranspiration averaged for the 
period 2003 to 2013. The average 

amount of rainfall is 1985 mm/yr, while 
the average ET value is 1133 mm/yr.

The amount of "blue" water resources that could be exploited are 17.9 km3 during the 6 wet months 
from May to October. During the dry season, the exploitable water resources shrinks to 11.0 km3. It 
turns out that 5.6 km3 is utilized during the dry season. Some water is non-utilizable because it falls 
during intensive rainfall storms and is translated into fast runoff and drainage. During an average 
hydrological year, an amount of 1.9 km3 is utilizable outflow, i.e. water that could be used for additional 
water resources development, especially during November and December. From January onwards, 
the utilizable outflow reduces to zero. With the expected climate change, it is not recommended to 
increase water allocation during November and December.

The total annual ET is 30.6 km3/yr (1133 mm/yr). Forests 
are with 72% of the total ET the major water consumer. 
Utilized Land Use (ULU) consumes more water than the 
other land use categories (15.2 km3/yr). Considering that 
the gross rainfall is 53.8 km3/yr, the average runoff 
coefficient is 43%, the renewable water resources are 
rather voluminous, yet a small volume is used for 
allocation to water use sectors.. The consumption and 
benefit from renewable water resources can be improved if 
more water is stored in surface water and groundwater 
systems. The irrigation sector is occupying 56% of the 
renewable blue water resources and is thus the largest 
total water manmade water withdrawals. A large volume of 
water (23.3 km3/yr) flows out to the sea.

The consumption of "green" water relates to the ET 
of moisture stored in the root zone that originates 
from rainfall only. It is the water that infiltrates into 
the unsaturated soil, is stored temporarily and then 
evaporated into the atmosphere via root water 
uptake. "Blue" water is water in the saturated zone, 
aquifers, lakes, reservoirs, rivers and streams. 
Irrigation, industries and domestic sectors use only 
blue water resources. It is however believed, that 
also trees and other vegetation in seepage zones 
tap into these blue water resources.

Breakdown of rainfall in Ca river basin
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Environmental flow requirement (190 m3/s) 
should prevail throughout the dry season. This 
flow is based on combatting the salinity tongue 
that flows inland during high tides. Reserved 
flow is also utilized for navigation, a habitat for 
fish species and bringing water to wetlands. The 
environmental flows during February, March and 
April are not met. Only “non-recoverable” water 
seems to flow out of the river, and this water is 
of poor quality.

The flow in the dry season depends almost 
entirely on water stored during the wet season. 
Accordingly, the associated flow regime is 
mainly a result of dam operations following 
hydropower and irrigation water requirements. 
Larger dams should include environmental flow 
requirements into their operational structure. 

A remarkable aspect is that far more blue water 
resources are consumed due to natural 
withdrawals (2.4 km3, mainly in the category of 
Utilized Land Use) than by man-made 
withdrawals (1.3 km3). Many forests in seepage 
zones or areas with a perched water table are 
Groundwater Dependent Ecosystems (GDE’s). 
In addition to that, the non-recoverable water 
consumption due to pollution is estimated to be 
1.4 km3 and 1.9 km for the dry and wet season 
respectively, hence the total water consumed 
due to human interventions in Ca Basin is 2.0 
km3 during the dry season. During the wet 
season this number comes to 2.6 km3. 

 --- Forested areas have a positive impact on the 
temporary storage of water and delayed runoff, 

thereby creating more base flow during the 
summer. Hence, the high forest cover in the basin 

already diminishes a problem that would be 
aggravated otherwise. ---

Water supply and water demand

The total annual artificial water withdrawals are 4.6 
km3/yr (2.0 and 2.6 in dry and wet season 
respectively). The largest portion of the withdrawals is 
done by three large scale irrigation schemes. These 
irrigation schemes have an intake capacity of about 
35 m3/s and supply water for irrigation, industry and 
domestic use. Most of the water is allocated to for 
irrigation (2.7 km3). However, industry and and 
residential use are also important offtakes. Farmers 
are currently exempt for water bills, whereas industry 
and residence are not. Not all agricultural, industrial 
and residential water demands can be met in the 
surroundings of Vinh due to low river levels and water 
quality issues

WA+ Resource Base fact sheet for the dry and 
wet season, averaged for the period 2003 to 

2013

   
Table 1: Breakdown of manmade and 
withdrawals and the return flow of this 

water (units are in Mm3)
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Special role of water storage

The increasing need for electricity by the growing population 
and water resources in the dry season has led to the 
construction of mainstream and tributary dams (or are under 
construction). The total effective storage capacity of the medium 
and larger size dams is 2.2 km3/yr. An additional volume of 126 
Mm3/yr is under construction in Ban Mong. With the annual 
rainfall being is 53.8 km3/yr, only 4 % of the rainfall can be 
stored (or 8% of the exploitable water resources). This is low for 
a mountainous catchment, and the potential for small dams for 
rainwater collection and sustainable hydropower production is 
great.

Water storage should be partitioned into storage in lakes, 
reservoirs, soil moisture and aquifers. The release from total 
storage during the dry season is 9.3 km3, while in comparison 
rainfall contributes with 7.8 km3 to the net inflow of water 
resources during the dry period. Hence, water released from 
storage is the main source for intended processes during the 
period October to April (see figure right). Reservoirs contributes 
with their 2.2 km3 to 24% of the storage changes, so soil 
moisture and groundwater are responsible for 76 % of the 
storage capacity during the dry season. Across a longer period 
of time, there is no remarkable change in water storage. This 
implies that groundwater resources are used sustainably.

   
Monthly water yields (P – ET) 

showing areas that contribute to 
net water production, streamflow 

and aquifer recharge

Managed aquifer recharge should get a special considerations of storing more water. Groundwater 
is a great water buffer that is very locally present. It can be utilized whenever there is a need for 
extra water resources, provided that arsenic concentration levels are low.

Local harvesting of water will make rural population less 
vulnerability to climate change and natural disasters. This 
holds true especially in the middle and upstream part of the 
basin where the water yields are strongly negative during the 
period November to March. A system with Payment for 
Ecosystem Services under the VFD project is encouraged 
and it should be based on storage enhancement. Any 
solution in enhancing the storage capacity would be worth to 
consider and evaluate. Likely a combination of local storage 
mechanism and some large scale interventions will lead to the 
best results. The current manmade consumptive use is 2.0 
km3, and an increase of 25% will require a dry season storage 
release of 9.3 to 9.8 km3, being an increase of 5%.

-- Water storage in the wet is essential to alleviate 
shortages in the dry season. Small eco-friendly dams and 
ecosystem protection to increase soil storage have great 

potential to ensure a safe and secure water supply -- 
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Agricultural water use

Agriculture has high water requirements. Rainfed agriculture consumes with 4.53 km3/yr more water 
than irrigated agriculture (1.43 km3/yr). The contribution from rainfall on crop evapotranspiration in 
irrigated fields is more (0.8 km3/yr) more than from irrigation (0.63 km3/yr). With 94%, rice is the 
biggest water consumer of all agricultural activities, with rainfall as the major source of water.  Forest 
plantations for timber consume more water (1.49 km3/yr). Than irrigated crops, but their source of 
water is mainly rainfed.

Higher value crops, and tree crops that can better survive during the dry season should be thought 
off. For instance, orchards in the delta will tap into shallow water table areas, and not need much 
irrigation. In the upland areas, tree crops could also be considered that have a deep own rooting 
system and survive during the dry season without irrigation. Increase land and water productivity of 
rice on suitable soils and properly working irrigation system. This will increase also the economic 
returns, which currently for rice are low. 

   
Agricultural water use (left) and productivity WA+ sheets (right)

Land productivity is shown in sheet 3 part B.  The yield of dryland rice 
(3.3 ton/ha) is lower than for irrigated rice (4.6 ton/ha) Yields of 
cassava, sugarcane and fruits are respectively 11.0, 42.5 and 11.0 
ton/ha. The water productivity of rice is low (0.35 to 0.45 kg/m3) and 
among the lowest in the world. More practical guidelines on rice 
cultivation and irrigation management should be provided by the 
Government to farmer communities.

The economic benefits per unit of water are 2.5 to 3 times more for 
sugarcane and cassava as compared to the benefits of rice more crop 
diversity should be stimulated, especially during the wet season. 
Irrigated crops consume 3.2 km3/yr while the total amount of water 
consumed by rainfed crops is slightly less (2.7 km3/yr). Artificial 
recharge practices should be introduced around these trees. 
Aquaculture could be encouraged (provided that the economic 
benefits are better than for cash crops and water pollution is under 
control)

Gross revenue in $/m3 
of water for the main 

crops.

-- Vietnam is the fourth largest exporter of rice in the world. Each kg of rice from the Ca 
basin represents a virtual export of almost 3000 liters of water. While water requirements 

are high, revenues on rice production are low. Virtual water trade should be more profitable. 
--
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Groundwater

Groundwater resources are used to partially compensate for the 
lack of water resources during the dry season. Groundwater and soil 
storage is the most important water supply for river flow and 
ecosystems in the dry season. About 9.2 km2 of water is stored and 
used in the dry season. While there is sufficient water to meet all 
demands at the onset of the dry season, water availability becomes 
critical around March and April in most years, but as early as 
January in dry years. Anthropogenic groundwater extraction is not a 
major issue in the Ca basin, however, groundwater from deeper 
pockets of the earth are extracted for human consumption and the 
irrigation of fruits at some parts of the basin. Dropping groundwater 
tables have been reported in those areas. Competition and conflicts 
over access to water in the dry season are becoming apparent. 
Increasing water allocations for economic development is only wise 
if more storage facilities are created.

 WA+  to support integrated water resource management Wet Season

Dry Season

Different institutions are involved in water management in the Ca basin. Water management 
includes the quality, quantity in terms of flood and storm control, electricity production for 
hydropower dams and management of irrigation systems for agricultural, domestic and industrial 
use.five key groups of stakeholders can be identified: (1) State management agencies, (2) 
International organizations, (3) Research/ education institutions, (4) Companies and autonomous 
enterprises, (5) INGOs/ NGOs and CSOs. The foremost important stakeholder are the state 
management agencies, which can be categorized into the central government, the provincial level 
and governance at the district and commune level.

Coordinated strategies on water resources management on a country (Laos and Vietnam) and 
provincial (Nghe An and Ha Tinh) level are critical to ensure a safe and sufficient water supply to 
downstream regions. Therefore, results of this study were presented to a variety of stakeholders 
including state government agencies, provincial government officials, dam operators, officials from 
large irrigation schemes and representatives of domestic and industrial water supply. Moreover, a 
one year training program was organized for the Institute of Water Resources Planning (IWRP) and 
the National Center for Water Resources Planning and Investigation (NAWAPI). Monthly water 
accounts are currently calculated for all river basins in Vietnam by ADB funded project.

Monthly water accounts can be best thought of as a "cash book" listing all water "deposits and 
"withdrawals". An independent system to register monthly water allocation helps to come up with 
new policies that support more effective water resource allocation when implemented in the 
context of integrated water resource management  where all stakeholders are represented.

8

-- Groundwater in the delta is 
not safe for human 

consumption because of high 
levels of arcenicum --

-- The use of deep groundwater for irrigating fruit 
trees in the mountainous highlands should be 
monitored and controlled to prevent a further 

drop of the groundwater table. --

-- Water harvesting will 
increase groundwater 

infiltration and increase 
dry-season flow  --



Water Accounting Plus (www.wateraccounting.org)

Recommendations

1. Remain minimum flows in the Ca river system during February to April.
a minimum flow of 190 m3/s in the Ca river system during February to April is required. 
The water should come from dam operations and more local water storage releases, also 
in the upstream areas. Flushing, dilution and maintaining flora and fauna are essential for 
keeping  the water system healthy. The water quality during the dry season should be 
brought back to acceptable standards.

2. Development of  a master storage plan for the Ca basin
The plan should include monthly storage changes in lakes, reservoirs, soil moisture and 
aquifers. Soil moisture should become part of the storage discussions. Forests and 
agroforestry delay runoff and contribute to increase base flow during the dry season and 
these agro-ecosystems should be preserved.  
   

3. Protection of  existing forest with a status of natural parks
Forests help to keep intruding farmers and loggers away. Prepare clear forest 
management plans with tasks related to biodiversity and a system with Payment For 
Ecosystem Services (PFES) that also includes storage enhancement, besides carbon 
sequestration and other climate smart services. There is a need to expand to a “total 
ecosystem services” package. Water management in the Ca Basin will benefit from PFES.
   

4. Water allocation plan
Develop a plan for water allocation and monitoring during the dry season. Such plan 
should include also the large withdrawals by forests in a natural manner.

   
5. Promotion of simple local water harvesting techniques

Simple water harvesting techniques include small gravel beds that receive water from 
rooftops and local ditches. Options to implement smart drainage and other on-field water 
storage systems should also be investigated. Discuss these options with farmer 
communities and reward them if they increase the water storage during wet season.

   
6. Introduction of drought resistant crops

Paddy rice is using too much water with little economic value. They are good for water 
storage though, but this is not economically valued. Deep rooting crops being less 
vulnerable for droughts with higher economic values should be considered, e.g. rubber 
trees, tea, coffee, cashew nuts, bamboo and apples.

   
7. Regulating  mandates while strengthening management among competing stakeholder

Implementation of WA+ in Ca River Basin Management Council (CRMC) and introduce 
mandates while strengthening management among competing stakeholders. Consult the 
FAO water auditing framework for a proper and systematic institutional analysis. Training 
and education of various Governmental agencies on more effective resource 
management. 
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About VFD
The USAID-funded Vietnam Forests and Deltas Program is enhancing climate 
change resilience planning and action from community to national level. The program 
will put into practice the national policies and strategies on response to climate 
change and low emissions development with a focus on reducing emissions from 
forestry and agriculture sectors and strengthening climate-smart livelihoods and 
settlements, particularly in rural areas.

About Water Accounting+
Water accounting integrates hydrological processes with land use, managed 
water flows and the services that result from water consumption in river basins. 
Its objective is to strive to achieve equitable and transparent water governance 
for all users and a sustainable water balance Users can provide value 
assessments of certain process, and more accurate data sets, that replaces the 
default data collected from open access sources that represent best estimates. 
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