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The objective of this white paper is to demonstrate the value of the Water Accounting Plus (WA+)  

system. WA+ quantifies water flows, fluxes, consumptive use, stocks and storage changes in river 

basins. It shows that transparent and verified datasets can help policy makers to implement national 

water laws and develop a Measurement - Reporting - Planning - Monitoring system. The working 

hypothesis is that by having a central data set and report on water-land-ecosystems at the 

negotiation table with verifiable measurements, interpretation procedures, scientific rigor and 

nomenclature, trust among parties will get to a higher level. This is a necessity for achieving progress 

in establishing sustainable landscapes and green growth. It helps to increase the data democracy and 

facilitates to make water governance more effective, if the proper capacity building is provided. The 

Ca River in Vietnam is selected as a case study  
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Executive Summary 

Water is vital for sustaining food security, industry, power generation, etc. in river basins. But 

terrestrial and aquatic ecosystems are also very dependent on water to provide valuable ecosystem 

services, today and tomorrow.  Being able to manage the complex flow paths of water to and from all 

these different water use sectors, as well as their consumptive use, requires a quantitative 

understanding of the hydrological processes. Water management is basically an interference of these 

natural flow processes. Manmade and natural flow of water resources through a basin need to be 

known. Future scenarios of climate and land-use change can be appraised better with advanced 

information systems.   

Innovative information systems are thus necessary to help managers to manage water consumption 

more tightly - following certain well defined targets - and to understand which flows to manipulate 

by means of retention, withdrawals and land-use change. Managers need background data to help 

them to optimise water allocation to sectors without further depleting the natural capital in a basin.  

An operational optimal accounting system based on a Measurement - Reporting - Planning - 

Monitoring (MRPM) for water resources should become common practice throughout the world. Yet, 

these systems are in their infancy. A good water accounting system should have the following  

characteristics: It should be based on data of consistent, uniform quality; data should be open source 

with all background information accessible to policy makers in different institutions and NGO's across 

administrative boundaries; it should be based on standard data acquisition methodologies and 

verifiable; input measurements should be reliable and obtained with least effort; and reporting 

should be in formats which are understandable for managers and policy makers over a large variety 

of fields, as they do not have time to study and understand all details. The costs should be affordable 

for developing countries.  

UNESCO-IHE together with its partners, International Water Management Institute (IWMI) and the 

Food and Agricultural Organization (FAO) are currently developing the Water Accounting Plus (WA+) 

system that addresses many of the above mentioned requirements. WA+ is used in this paper to 

demonstrate the value of a standard reporting and planning system. Vietnam and the Ca River in 

particular, are used to demonstrate how WA+ could be linked to Governmental agencies. The major 

benefits and services related to the consumptive use of water are part of WA+. WA+ should be 

adopted by environmentalists, agronomists, economists and lawyers, alike. The working hypothesis is 

that by having an approved central database on water-land-ecosystems at the negotiation table with 

standard nomenclature and clear data, confusion becomes minimal, and trust among parties will get 

to a higher level. This is a necessity for achieving progress in sustainable aquatic and terrestrial 

ecosystems. Too often, data is partially available, and if available at all, to restricted groups and 

committtees. 

WA+ expresses the state of water by means of sheets, tables, maps and data. Earth observation 

measurements secure the input data for WA+, so that similar analyses with a consistent data quality 

can be made for all river basins in a certain geographical area - for instance - Vietnam. Since the 

character of earth observation data is open source, the WA+-based water accounts are also publicly 

accessible through the platform www.wateraccounting.org. This is a major step forward in enriching 

http://www.wateraccounting.org/
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institutions across administrative boundaries with political neutral information. Both horizontally 

between Ministries and Departments, as well as vertical within Departments. 

The USAID funded Vietnam ForestS & Delta (VFD) project explores the options to better manage 

water resources in the view of climate change and sustainable landscapes in several river basins in 

Vietnam. Vietnam faces several unique challenges in water resources management that require more 

attention: amongst others, retention of floods, supplying water during the dry season, efficient and 

save operation of 70 year old dams, deforestation, urbanization, groundwater table decline, 

salinization of deltas and rise in sea levels. Climate change exacerbates the declining per capita water 

availability. Long term planning is thus necessary to create sustainable Vietnamese water-land-

ecosystems, which facilitate access to water resources and implementation of green growth. Green 

growth is sustainable low carbon development which fosters economic growth and development, 

while ensuring that natural assets, including forests, water and soils, continue to provide the 

resources and environmental services on which the economy relies. Vietnam has made a strong 

commitment to low emission development through its national Green Growth Strategy (GGS). 

In addition to operationally monitoring, WA+ in Vietnam will be explored for assessing the impact of 

alternative scenarios in water management and land use changes. WA+ can be used to express 

ecosystems services in terms of water yield, carbon sequestration, erosion and resilience to droughts 

and floods. In this white paper, the Ca River will in this white paper be used as a case study to show 

the practicalities. Winrock, together with its manifold governmental partners in developing countries 

across the world, is currently exploring the WA+ framework for implementation with these agencies. 

The experiences with the Government of Vietnam in the Ca River are used to improve the 

functionality of WA+ and to ensure to that a real impact on strategic water resources management 

decisions are achieved. 

  



4 
 

1. Global water resources developments 

Due to economic and demographic development pressures, water is becoming an increasingly scarce 

resource. Water scarcity is defined as the situation when life and livelihoods of people are 

threatened due to lack of access to safe and affordable water for drinking, sanitation, and food 

production (Rijsberman, 2006). Projections indicate that producing enough food to meet the 

demands of a global population of 9.1 billion people by 2050 will require increasing 2007 levels of 

food production by approximately 70%, with a doubling needed in sub-Saharan Africa and parts of 

South and East Asia (Rockström et al., 2009). It is estimated that annual agricultural water use will 

need to increase from approximately 7,100 km3 globally to between 8,500 and 11,000 km3 in order 

to meet projected food requirements in 2050 (de Fraiture et al., 2010).  

Simultaneously, the number of wetlands is shrinking, often as a direct result of excessive upstream 

water abstractions to irrigation system. The losses of natural wet ecosystems are typically due to a 

combination of agricultural practices, large infrastructure projects, and massive water abstractions. A 

clear cut example is the introduction of irrigated cotton in the Aral Sea basin. Another example 

originates from the US, where in a five-year period, more than 255,000 hectares of forested wetlands 

were lost (Emanuel et al., 2010). Destruction of carbon-rich mangroves caused an economic loss of 

up to US$ 42 billion annually (UNEP, 2014). China’s wetlands have shrunk by nearly 9% in recent 

years, and the loss could continue if the government doesn't intervene by specifically committing 

water resources to wetlands. The loss of wetlands is a blow to the flora and fauna that thrive in these 

critical habitats. We should be more concerned about the substantial loss of this diminishing 

resource, which helps ensure good water quality for local communities and provides vital habitat for 

a diversity of important wildlife species. Hence, synchronization of food production and nature 

conservation should be improved. The lack of sufficient water resources increases pollution of rivers 

and water bodies and enhances soil salinization. As a result, many water-related ecosystems are 

degrading (FAO, 2011).  

In addition, groundwater over-exploitation occurs at a pace up to 1 m per year (Foster and Chilton, 

2003; Wada et al., 2010; 2014). In general these problems are the result of abstracting water faster 

than it is replenished by rainfall and surface water flows. Even when abstraction does not exceed 

recharge, it can alter complex aquifer system dynamics, decreasing spring and stream flow and 

degrading water quality. In addition to undermining the sustainability of continued human uses, 

depletion of many aquifer systems in arid and semi-arid areas has been linked to diminished capacity 

for support of ecosystem functions and to environmental damage. Such unsustainable 

overexploitation can generally be avoided with proper management incorporating understanding of 

the given resource and realistic use scenarios. Groundwater overexploitation in many locations has 

already caused local or regional water tables to decline making continued water abstraction more 

difficult and expensive.  

In order to arrest these unsustainable developments, it is critical that new strategies and approaches 

are identified that explicitly recognize consumptive use. Consumptive use is the water that is no 

longer available for other users in a given river basin, and it constitutes of green water (i.e. water 

evaporated from rainfall) and blue water consumption (i.e. water evaporated from manmade and 

natural withdrawals). Most water is consumed through natural water consumption (e.g. the actual 

evapotranspiration from montane vegetation, tropical forests, savannah, deserts, lakes, etc.), but 

also from anthropogenic water consumption (e.g. reservoirs, irrigation systems, aquaculture, 

industrial parks, plantations, greenhouses, etc.). Consumptive use can be considered as sinks of 
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water that are not longer available to downstream users. Consumptive use is also relates to polluted 

water that cannot be treated, deep groundwater that cannot be economically exploited, water in 

sinks and water in tissues and products (Molden, 1997; Hoekstra, 2013).  

Water consumption creates production of food, feed, fiber, timber and fish, as well as ecosystem 

services (biodiversity of flora and fauna, carbon sequestration) and economic benefits such as 

energy, industries, etc.  

 

 

 

 

 

 

 

Perry (2007) nicely explained that all withdrawals have a consumed and non-consumed component. 

Non-consumed water can be recovered by means of natural and manmade processes. Examples of 

naturally recovered flows are recharge of the groundwater and interflow to a stream flow network. 

Manmade interventions enhance the recycling of water, and examples are the construction of sub-

surface drains, open surface drains and sewerage systems. In order to effectively manage resources, 

decision makers require information on the amount of water being available, utilizable and utilized 

by means of consumptive use. Multiple water users in a river basin are hydrologically connected and 

drainage flow of non-consumed water can be recaptured for reuse (e.g. Simons et al., 2015).  

Water savings are often considered as a way to solve the water crisis. The implementation of water 

savings related decisions, poses difficult practical problems, such as for example expressing which 

water flow, or water flux should be reduced, and what the impact on downstream users will be. 

Many claims of water savings are made, without properly defining the associated changes to the 

water flow path downstream of the water saving intervention. Afforestation is great for sequestering 

carbon and reduction of soil erosion, but it reduces stream flow in an unprecedented manner. 

Introduction of forest plantations in South Africa and Australia have altered stream flow, and forests 

are registered as water users for which water rights need to be acquired because it is evident that 

they reduce stream flow. A very clear reconstruction on the hydrological consequence of having 

more forests is needed as part of sustainable green growth.  

An upstream improvement of water productivity, for example, will decrease the groundwater 

recharge, and may accelerate the disappearance of natural springs that is vital for drinking water 

supply to local rural communities.   

Upstream vs. downstream hydrological connectivity is an extremely sensitive issue in trans-boundary 

river basins, such as the Mekong and the Red River basin of Vietnam that originate from China, Laos, 

Cambodia and Thailand. There are many examples of the confusion and misconceptions about water 

Controlling consumptive use 

Sustainable landscapes and green growth is obtained if water consumption is managed more 

tightly, and in particular is reduced at places where it is abundant. ET can be manipulated by 

means of diminished withdrawals and land use changes that decrease the consumptive use, 

leaving more water in the system for reserving forests and wetlands. A Measurement - 

Reporting - Planning - Monitoring (MRPM) system for water resources should be in place to 

understand where the consumptive use takes place and how it can be spatially optimized. 

Water Accounting fulfills these MRPM tasks and helps the decision makers to increase food 

security, reduce environmental degradation and enhance green growth 
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savings, which aggravates political conflicts among riparian countries, that can be prevented if proper 

information systems are in place.  

 

Figure 1: Multi-purpose functionalities of water resources in river basins 

While water problems around the world are increasing, information useful for decision makers within 

the water sector and related sectors seems to be decreasing.  A review of investments in water 

resource measurements reveals that fewer hydro-meteorological stations are functional, despite the 

era of modern sensor technology, IT and crowd sourcing. Solving water problems requires 

information from many disciplines, and physical, quantitative accounts of water sources and use is 

fundamental. The information has to be coherent and synchronized in order to provide an integrated 

picture useful for the assessment of the problems. The current hydrological data democracy does not 

provide all required data necessary to all stakeholders related to multi-purpose water users, which 

hampers the development of good water stewardship.  
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2. International actions for green and sustainable growth 

There is a growing consensus among natural resources and social scientists that sustainability 

depends on maintaining natural capital. GDP expresses only one part of economic performance 

namely the economic value of finished products, but it does not indicate the wealth and assets that 

underlie the development of the products. For example, when a country exploits its minerals, it is 

actually depleting natural capital. The same holds true for over‐exploiting fisheries or degrading 

water resources. Timber resources are counted in national accounts but the other services of forests, 

like carbon sequestration, air filtration, erosion protection and flood retention, are ignored. The full 

contribution of natural capital like forests, wetlands, and fertile agricultural land does not show up in 

GDP analysis.  

Ecosystem services as an element of green growth, is currently receiving ample attention by various 

international NGO's such as IUCN, WWF and CGIAR-Water Land and Ecosystems (WLE). Ecosystem 

services can be broken down into provisioning services (e.g. food, feed), regulating services (e.g. 

flood retention, disease control), supporting services (e.g. soil formation) and cultural services (e.g. 

recreation). Sustained rainfall and temperature depression should also become part of ecosystem 

services. New research has indicated that 20 to 40% of the water evaporated in basins is recycled 

through the atmosphere and subsequently returned by rainfall in the same river basin (Van der Ent 

et al., 2010). Sustaining evapotranspiration - and especially transpiration - will increase carbon 

assimilation, reduce greenhouse gas emissions and cool the atmosphere by lower sensible heat 

fluxes. The water yield from surface runoff and groundwater recharge from catchments are 

exploitable by downstream users. Water supply companies in Vietnam are paying an amount of 40 

VND/m3 and electricity boards 20 VND/KWh, that is all exploitable water.  

To date, however, progress in moving beyond conceptual thinking towards practical implementation 

of natural capital valuation has been slow. Barriers to its implementation include the lack of 

internationally‐agreed methodologies for ecosystem valuation and the difficulty in measuring it. 

Analytical assessment frameworks with quantitative tools for natural capital are needed. Programs, 

tools and concepts, described below, are being developed to facilitate implementation. 

Programs:  

- Wealth Accounting and the Valuation of Ecosystem Services (WAVES) 

- Reducing Emissions from Deforestation and Forest Degradation (REDD, 

REDD+) 

- World Water Assessment Program (WWAP) 

- Business and Biodiversity Campaign (B & B) 

- World Business Council for Sustainable Development 

- WaterFootprint.Org 

- WaterAccounting.Org 

Tools:   

- System for Environmental-Economic Accounting (for Water) (SEEAW) 

- Australian Water Accounting Standard (AWAS) 

- Water Accounting Plus (WA+) 
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- Integrated Valuation of Environmental Services and Tradeoffs (InVEST) 

- ARtificial Intelligence for Ecosystem Services (ARIES) 

- EcoMetrix 

Concepts:  

- Natural Capital Accounting 

- Voluntary Carbon Standard (VCS) 

- Payment for Ecosystem Services (PES) 

- Measuring, Reporting and Verification (MRV) 

- Climate Smart Agriculture (CSA) 

The World Bank Group leads a partnership to advance natural capital accounting internationally. The 

Wealth Accounting and the Valuation of Ecosystem Services (WAVES) partnership aims to promote 

sustainable development by ensuring that natural resources are mainstreamed into development 

planning and national economic accounts. WAVES has established a Policy and Technical Experts 

Committee to help develop and test methodologies for ecosystem accounting—working closely with 

partners from UN agencies, national government agencies, academic institutions and NGOs.  

The System of Environmental-Economic Accounts (SEEA) (SEEA, 2012) was developed by the United 

Nations Statistics Division (UNSD) in collaboration with Eurostat, the International Monetary Fund 

(IMF), the Organisation for Economic Co-operation and Development (OECD), the World Bank and 

experts from various countries, to provide an internationally agreed standard system of statistics 

describing the interactions between the environment and the economy (UN, 2011). SEEA can 

facilitate the mainstreaming of environmental information in economic development and planning 

discussions and serve to recognize the connections between environmental policy objectives and 

broader societal outcomes. 
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3. History of water accounting systems 

Issues of water stress are experienced in many river basins, and large populations live with an 

inadequate level of water security. Imminent water crises could jeopardize the social and economic 

advances of recent years unless urgent action is taken to improve management of water resources. 

Access to accurate and up to date information continues to be a serious constraint for natural 

resources management, in particular for water resources. Considerable progress has been made in 

many countries in processing and storage of basic data; however, routine access to the information 

contained in the data sets is often restricted to the host organization and the Department that 

“owns” the data, limiting the benefits that could be obtained by wider use, and other Departments. 

Furthermore, the integration of data and information across sectors that depend on access to water, 

remains difficult and subject to individual, case-by-case handling. The lack of access to data in 

international basins is cause for great concern. There is an urgent need for independently gathered 

water resources related data sets that can be commonly understood by all parties, and that will 

enable evidence-based decision support and policy making. 

 

Figure 2: Major principles of water accounting underlie quantification of hydrological processes and 

services, and approving them 

Water accounts will help countries to design management strategies to maximize economic growth, 

to generate hydro‐power capacity and to assess the value of competing land uses for optimal 

allocation purposes.  Mobilizing the water resources will require informed decisions within the water 

sector and in related sectors in order to balance water use and requirements among sectors (Rebelo 

et al, 2014). 

Water accounting should provide a coherent and consistent water resources reporting methodology 

that comprises hydrological processes, distribution of water to various competing sectors, the 

consumption of water and the benefits and services - including ecosystem services - that result from 
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that consumption, including the return flow due to non-consumed water. A water accounting system 

based on open source data for all major river basins in the world is required to support the UN 

Sustainable Development Goals (SDG's ) and assess planetary boundaries.  

UNESCO has established the World Water Assessment Program (WWAP) with the aim of producing 

regular reports of the world water situation. The first UN World Water Development Report 

(WWRD1) was released under auspices of WWAP in 2003, and is repeated every 3 years. A system 

of water accounting has so far been missing as an important element in the emerging system of 

global water governance. Water has been identified by the United Nations Statistics Division (UNSD) 

as a priority area for implementation of the SEEA. SEEA-Water (SEEAW) is a 'sub-system' that 

provides compilers and analysts with agreed concepts, definitions, classifications, tables, and 

accounts for water and water-related emission accounts. The UN Statistical Commission adapted Part 

I of SEEA-Water as an interim international statistical standard at its 38th session in 2007. 

SEEAW and other water accounting systems are focusing on flows in rivers, canals and utilities, and 

ignore the key bio-physical processes in the natural part of watersheds that generate the renewable 

water resources. To overcome the extreme difficulty in measuring all water flows and fluxes in a river 

basin with multiple water users, Bastiaanssen (2009) and Karimi et al. (2013) proposed the system of 

Water Accounting Plus (WA+) based on earth observations. Remote sensing information can 

complement hydro-meteorological data sets measured in situ, especially when administrations are 

hesitant to share data or the data quality from field observatories is of questionable quality, including  

such as outliers and missing data. Radiometers onboard satellites are often seen as futuristic, and 

having low measurement capabilities, while the public opinion is that field devices are commonly 

considered as reliable measurement instruments. This is a basic flaw, as many in situ devices also 

measure variables indirectly. In situ soil moisture sensors - for instance - measure the soil dielectric 

properties, and not soil moisture; river and canal discharges are based on water levels or the sound 

of water flow at given locations, rather than being based on an volumetric discharge measurement; 

Leaf Area Index is based on measurements of intercepted solar radiation, and is not a direct 

measurement of the leaf sizes. Remote sensing is based on spectral radiance, and belongs in the 

same category of measurement devices as soil moisture sensors, flow meters and LAI meters. 

WA+ is a continuation of the Water Accounting framework introduced by the International Water 

Management Institute (IWMI) during 1997, and which was built on the consumption of water for 

intended processes (Molden, 1997; Sakthivadivel and Molden, 1999). The data sources of WA are 

based on estimates of rainfall, storage changes, evapotranspiration and river flow. This framework 

was endorsed by the International Water Management Institute (IWMI) and applied in several 

basins, mainly in South Asia. It clearly identifies water that is utilizable for further development.  

WA+ is a successor of WA designed to assimilate satellite based measurements of land and water 

resources, and to describe water resources in a spatio-temporally distributed manner. Satellite 

measure radiances are converted into precipitation (P), evapoptranspiration (ET) and land use. WA+ 

reports on water accounting by means of a number of water sheets, tables, maps and geospatial 

data. The water accounts are uploaded on an open-access platform (www.wateraccounting.org). 

UNESCO-IHE, the United Nations Food and Agriculture Organization (FAO) and the International 

Water Management Institute (IWMI) joined forces to institutionalize WaterAccounting.Org. 

http://www.wateraccounting.org/
http://www.wateraccounting.org/
http://www.fao.org/home/en/
http://www.iwmi.cgiar.org/
http://www.iwmi.cgiar.org/
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UN (2012b) states that SEEAW has an advantage over other water information systems due to the 

direct link between water, environment and economic accounts which enables an integrated cross-

sectoral perspective on water issues. Perry (2012) states that SEEAW does not include the water use 

and economic value of the natural environment, such as areas with natural land cover which are 

largely unmanaged and occupy the largest fraction of land in river basins. Perry (2011) suggests that 

the accounts should differentiate between natural land cover, dryland agriculture and irrigated 

agriculture; all of which are significant users of water and also potentially economically important. 

Considering that natural ecosystems together with cropland consume more than 90% of all water 

resources, this is a fundamental observation. The SEEA system contains asset accounts and land 

accounting tables, so SEEAW should not be disregarded from SEEA. A comparison between SEEAW 

and WA+ is presented in Table 1. There exist a complementary nature, and pathways how WA+ could 

contribute to SEEAW needs to be explored. 

Table 1: Comparison between SEEAW and WA+ water accounting frameworks. The SEEA framework is 

not included in the comparative analysis 

Process Low end performance 
description 

High end performance 
description 

WA+ SEEAW 

 * *****   
     
Field measurements involved Few Intensive * ***** 
Remote sensing measurements No remote sensing Intensive remote sensing ***** ** 
Land use classes Minimum attention Maximum attention ***** * 
Economy No attention Maximum attention * *** 
Water quality Not accounted for Included * *** 
Temporal scale Annual Weekly *** * 
Consumptive use Maximum attention Minimum attention ***** ** 
Hydrological cycle A few terms only All terms ***** * 
Natural vegetation No attention Fully explored ***** * 
Withdrawals general Minimum attention Maximum attention **** * 
Withdrawals domestic & industry Minimum attention Maximum attention ** ***** 
Local reuse of water No attention Measured * ***** 
Return flow Minimum attention Maximum attention **** ** 
Surface water  Not accounted for Measured *** **** 
Groundwater Not accounted for Estimated *** ** 
Crop production Detailed estimates Not accounted for ***** * 
Crop water productivity Not accounted for Estimated ***** * 
Greenhouse gas emissions Not accounted for Estimated **** * 
Carbon sequestration Not accounted for Estimated **** * 
Ecosystem services Detailed estimates Not accounted for * **** 
Stocks (i.e. assets) Not accounted for Measured *** **** 
Data consistency Agency dependent Single source **** * 
Access to results Not accessible Website with data ***** ** 
Understanding Complex Simple ***** ** 
Implementation High efforts Little efforts ***** * 
Communication tool No Yes **** ** 

 

The Australian Water Accounting Standard (AWAS) was developed by the Water Accounting 

Standards Board (WASB) of the Australian Bureau of Meteorology (BOM) as part of the National 

Water Initiative (NWI) to provide a guideline for compiling General Purpose Water Accounting 

(GPWA) as reported by BOM (2012). Several standards and issues were taken from SEEAW. BOM 

(2013a) defines water accounting as the “systematic process of identifying, recognising, quantifying, 

reporting, assuring and publishing information about water, the rights or other claims to that water, 
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and the obligations against that water”. The AWAS is based strongly on financial accounting 

practices, but quantifies water by volume and not by monetary value. The AWAS is intended to be 

used at a scales ranging from a single dam or business up to the Australian National Water Account. 

Clark et al. (2015) from the University of Kwazulu Natal (UKZN) conducted a recent review of various 

international water accounting frameworks for implementation in South Africa and they concluded 

that " Although the SEEA-Water and the AWAS frameworks have already been applied in South 

Africa, the WA+ accounts would be a good starting point as a common water accounting framework 

to facilitate better understanding of the water balance at a catchment level and as a common, 

relatively simple, format for water managers and users to communicate about water availability and 

use". An unpublished quote from Kasetsaert University in Thailand is "we like the simplicity and 

operational character of WA+ and want to implement it for the 25 major river basins in Thailand". 

The Arab Water Council has expressed also a keen interest in implementing WA+ for the entire Arab 

World. Hence, it is good to have a new water accounting system in addition to SEEAW and AWAS. 

4. Water Accounting Plus (WA+) 

A modified and upgraded version of WA referred to as WA+ has been developed by IWMI (Karimi et 

al., 2013) based on original initiatives taken by the Delft University of Technology (Bastiaanssen, 

2009). WA+ is based on remote sensing data for some very specific purposes. 

 Vast geographical areas are measured in a routine manner, and the data is publically 

accessible and verifiable. This ensures access to data under all circumstances 

  Area-integrated values of water balance components can be estimated, rather than having 

point hydro-meteorological measurements with limited representation. 

 The spatially discrete measurements can be related to land use classes, which establishes the 

possibility to link water consumption to goods, services and jobs. 

Bastiaanssen and Chandrapala (2003), Karimi et al. (2012), Simons et al. (2011), Shilpakar et al. 

(2012), Karimi et al. (2013b) and Dost et al. (2012) used remote sensing data to prepare the water 

accounts of ungauged river basins in Sri Lanka, Nile basin, Okavango basin, East Rapti basin, Indus 

basin, and Awash basin respectively. New studies in the Greater Mekong region are underway, 

including the Ca River and Red River basin. Donor organizations such as USAID, the Asian 

Development Bank, African Development Bank and World Bank are interested in river basin scans 

and water resources assessments using the WA+ technology.  

WA+ explicitly recognizes the influence of land use on the water cycle (see Figure 3). Land use classes 

with common management characteristics including “Protected Land Use” (PLU), “Utilized Land Use” 

(ULU), “Modified Land Use” (MLU), and “Managed Water Use” (MWU) are defined. PLU relates to 

the environmentally sensitive land uses and natural ecosystems that are set aside for environmental 

protection. National parks, RAMSAR sites, drinking water and coastal protection zones are typical 

PLU examples. A more elaborated framework for identifying PLU areas is available through the IUCN. 

The class ULU represents a low to moderate resource utilization of the original vegetation where the 

human influence is minimal, such as savannah, woodlands, natural pastures, wetlands, mountainous 

shrubs, riparian corridors etc. MLU relates to the replacement of the original land use by mankind to 

achieve an increased utilization. Typical examples are  urban encroachment, rainfed crop land, bio-

fuel crops, timber plantations and construction of large dams. Further to land use change, soil 
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treatment such as plowing, mulching and tilling affects the hydrological processes in the class MLU 

(surface runoff, infiltration, distribution of soil moisture in the topsoil, ET and recharge). Hence at the 

same amount of precipitation, different soil water balances will be obtained. Over against that, MWU 

represents landscape elements that are liable to withdrawals by means of man-made infrastructure 

(diversion dams, canals, ditches, pumping stations, gates, weirs, pipes etc). This is also known as blue 

water usage (Falkenmark and Rockström, 2006).  

In the case that ET>P, obviously an extra amount of water is available for consumptive use that 

cannot be explained by rainfall as a single source of water. Following  Karimi and Bastiaanssen 

(2013a), Bastiaanssen et al. (2014) and Hoogeveen et al. (2015), this extra evapotranspiration in 

water accounting terminology is referred to as incremental ET or simply ∆ET. Although less 

commonly recognized, flow into lakes, inundations, seepage zones, groundwater discharge areas, 

phreatophytes and groundwater dependent ecosystems should also be regarded as withdrawals and 

a source for ∆ET. These natural water withdrawals have the same impact as manmade withdrawals 

on diminished stream flow and should be considered as blue water users, yet with one important 

difference: they have a long history and there is no anthropogenic influence when related to PLU and 

ULU classes.  

 

Figure 3: Example of a Resource Base Sheet. The numbers are not meaningful and are merely meant 

to show the type of data that are included in the reporting  

Also ET from greenhouses and the respiration from humans, husbandry and livestock is considered as 

∆ET. It includes for instance indoor vaporization from shower cabins, cooling towers and sporting 

centers. The terminology used is "non-conventional ET".  
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Gross inflow is the total amount of water that flows into the domain, including precipitation plus any 

across basin inflow from surface or ground water sources. Desalinized water resources and seawater 

intrusion are described. Net inflow is the gross inflow after correction for storage change (ΔS) and 

represents water available for landscape ET, and exploitable water (see Figure 3). Landscape ET is the 

water that evaporates directly from the rainfall - infiltration - root water uptake sequential 

processes. Exploitable water represents water in reservoirs, rivers, lakes and groundwater that can 

be categorized further into utilized, utilizable, non-utilizable and reserved outflows. Reserved 

outflow is the water that has to be reserved to meet the committed outflow, navigational flows, and 

environmental flow. Reserved flow is not available for utilization. Available water is the exploitable 

water minus reserved outflows and non-utilizable outflow. Non-utilizable water typically occurs after 

storm events when water needs to be evacuated as fast as possible to prevent flooding.  

Available water can be allocated in the domain. Utilized flow is the part of available water that is 

consumed by uses (i.e. blue water consumption), and hence is no longer available for downstream 

usage. Utilizable outflow is the water that leaves the basin without service and could be assigned to 

future water resources development, i.e. the difference between available and utilized flow. 

Utilizable flows are essentially relevant during below-average rainfall years, as this will indicate 

whether river basins are really closed.  

Evaporated water leaves a river basin in vapor phase into the atmospheric planetary boundary layer. 

Recent research (Dirmeyer et al., 2009; Van der Ent et al., 2010) however, proves that part of this 

atmospheric water vapor will return as rainfall back to the same basin. This is also known as 

atmospheric moisture recycling (Savenije, 1995; Mohamed et al., 2005).  The vast majority will 

however be advected away from the basin, and this is expressed as depleted water resources. 

In addition to actual evapotranspiration, water can be termed “consumed” if it is pollution exceeds 

certain standard levels and the water becomes unusable. This typically occurs with return flows from 

industries (heavy metals), non-source pollution from agricultural fields (pesticides, insecticides) and 

salinization of water due to sea-water intrusion, aquaculture, or lack of agricultural drainage that 

results in building up of salts in the root zone. Besides pollution, water can become thermally 

contaminated after being discharged from thermal power plants or other industries. Water can be 

conveyed out from the basin of origin, as part of harvested plant tissue or by means of storage in 

containers such as bottles. If water is stored deep underground or in geological strata from where it 

cannot be extracted, it is also consumed (Molden, 1997; Molden et al., 2001). Hence, consumptive 

use goes beyond evapotranspiration. 

Figure 4 illustrates the difference between gross precipitation (P) and ET on an annual basis for the 

Tibetan Plateau. A positive rainfall surplus (P-ET) will be the source of streams and rivers. Tibet 

produces 449 km3/yr of water annually (an equivalent water layer of 145 mm/yr), and it is therefore 

the water tower of the Yellow, Yangtze, Mekong, Irawady, Ganges and Indus rivers. The river basin 

can be divided into areas with a net production and net consumption of water resources. Net 

production occurs if P>ET and net consumption when P<ET applies. A recent paper published by Van 

Eekelen et al. (2014) demonstrates how withdrawals can be inferred from P and ET values. The 

spatially distributed patterns of P-ET provide useful insights in the exploitable water and utilized 

flows. The central part of Tibet has a surplus of 250 to 400 mm/yr, and part of this excess water is 

withdrawn - mostly naturally - by the wetlands, brooks, creeks and valleys at the edges of the plateau 
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with net withdrawals of 250 to 750 mm/yr. This example demonstrates that green and blue water 

resources can be estimated from remotely sensed P and ET values, without having access to flow 

data. The latter is an essential component that constitutes the core of WA+. Distributed runoff is 

highly relevant because basin wide flow is extremely difficult to get access to (in general terms), and 

information on withdrawals is even more challenging.   

  

 

Figure 4: Rainfall surplus (P - ET) in Tibet during 2007, indicating that 449 km3/yr feeds the rivers 

originating from Tibet (taken from Klaasse et al. presented at CEOP-AEGIS conference in Tibet, 2009) 

WA+ is in a continuous development, and the latest formal publication related to the WA+ 

framework from Karimi et al. (2013a) provides four sheets including (i) a resource base sheet, (ii) an 

evapotranspiration sheet, (iii) a productivity sheet, and (iv) a withdrawal sheet. An updated version 

of WA+ has been created more recently and is based on progressive insights. The updated version 

will be applied for the Vietnam case studies.  

The withdrawal sheet has now been converted into a Utilized Flow sheet. The Utilized Flow Sheet 

incorporates withdrawals from surface and groundwater for irrigation, domestic water supply, 

industrial water supply, hydropower, aquatic ecosystems and leisure, among others. These manmade 

blue water withdrawals are needed to meet the water demand during the dry season. 

Simultaneously, natural withdrawals by wetlands, riparian corridors, mangroves and groundwater 

dependent ecosystems occur. 

Integrated water resources management requires that food security, ecosystem services and 

sustainability get more specific attention in the decision making process of natural resources 

planners. To accommodate these needs, the "old" productivity sheet has been separated into a few 

"new" sheets (Agricultural Services Sheet, Ecosystem Services Sheet and Sustainability Sheet). A 

Surface Water sheet that deals with stream flow only (brooks, rivers, lakes, reservoirs) will be part of 

WA+. Managers from basin organizations need specific information regarding the surface water 

flows only. This is necessary for developing a water allocation plan and set targets for example to 

drinking water supply, as well as maintaining minimal river flows for endangered fish species. 
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Similarly, a Groundwater Sheet is under development to support the planning process for  

groundwater concessions, account for Managed Aquifer Recharge (MAR) and store water 

underground from the wet to dry season. Table 2 contains the latest update of the WA+ framework, 

and this will evolve further by executing more case studies in the near future.  

Table 2: The updated WA+ framework with inclusion of the newest sheets (source: 

www.wateraccounting.org) 

Sheet Water management decision making process Hydrological processes 

   
Resource Base Sheet Providing general overview on over–exploitation, 

unmanageable, manageable, exploitable, reserved, utilized 
and utilizable flows. Discerning between landscape ET (by 
rainfall) and incremental ET (by manmade & natural 
withdrawals), quantifying atmospheric recycling 

Rainfall, ET, storage, outflow, 
net withdrawals, atmospheric 
moisture flow 

Evapotranspiration 
Sheet 

Identifying water consumption by land use classes and water 
user groups, describing the manmade impact on ET, beneficial 
and non-beneficial consumption,  breakdown of beneficial 
consumptive use in agricultural, ecological, economy, energy, 
leisure 

Evaporation (E) from soil and 
water bodies, transpiration 
(T), and interception (I) 

Agricultural Services 
Sheet 

Sustaining food security, allocating water to irrigation, 
maintaining rainfed production systems, defining future  
cropping systems, modifying land use planning, indicating 
possibilities for saving water in agriculture, shrinkage or 
expansion of irrigated areas 

Yield, consumptive use and 
water productivity 

Utilized Flow Sheet Identifying multiple uses of water, providing overview of all 
manmade & natural withdrawals, describing surface water and 
groundwater withdrawals, distinguishing between consumed 
and non-consumed water, recognizing recoverable and non–
recoverable flow, quantifying terrestrial water recycling 

Withdrawals, consumptive 
use,  return flow, drainage, 
recharge, water quality 
degradation 

Surface Water Sheet Defining surface water availability and utilizable withdrawals 
in any location in the river basin, preparing surface water 
allocation plans, defining water rights, navigation, conserving 
endangoured species, planning of infrastructure and water 
resources development 

Runoff, drainage, 
withdrawals, actual flow, 
virginal flow, return flow, 
storage changes 

Groundwater Sheet Assessing aquifers as a storage reservoir for droughts and their 
role as buffering mechanism, preparing safe groundwater 
withdrawal plans (i.e. prevention of declining groundwater 
tables), providing exploitation permits, Managed Aquifer 
Recharge 

Recharge, withdrawals, 
return flow, lateral flow 

Environmental Services 
Sheet 

Conserving biodiversity of flora and fauna, retaining flood 
water, delay runoff, implementing climate smart agriculture, 
preventing physical and chemical land degradation, recovering 
flow with degraded water quality, carbon sequestration, 
reduce greenhouse gas emission, drought resilience, soil 
erosion, green growth  

Recycled rainfall, surface 
runoff, baseflow, river flow, 
water yield, erosion, 
exchanges between land and 
atmosphere, i.e. greenhouse 
gases (H20, CO2, CH4, N2O), 
carbon sequestration, water 
storage capacity  

Sustainability Sheet Monitoring changes in levels, volumes and stocks, changes in 
duration and extent of floods and droughts, changes in land 
use, changes in agricultural and environmental services 
 

Time series of rainfall, soil 
moisture, land use changes, 
ET anomalies 

 

The breakdown of total ET into E, T and I by land use class makes it possible to account for beneficial 

ET, and to show which portion can, through non-beneficial processes, be termed non-beneficial ET. 

Non-beneficial ET occurs through evaporation (from soil, and open water bodies), interception 

evaporation from wet leaves and canopies (Rutter et al., 1970; Savenije, 2004) and wet surfaces (e.g. 

http://www.wateraccounting.org/
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buildings, roads), and transpiration from weed infestations in cropland or in degraded landscapes or 

from invasive species. Beneficial ET happens through processes such as transpiration from vegetative 

cover (except for those mentioned above), evaporation from reservoirs built to generate 

hydropower, evaporation from cooling towers etc. WA+ is re-grouping these benefits into 

agricultural, environmental, economical, energy and leisure labels. One land use class has often 

different types of benefits because for instance food growth supports local economies and 

ecosystem services, and does not fully contribute to agriculture. These type of value assessments are 

objective, and can be changed according to user specifications. There is a list of default values that 

can be used in first instance.  

Vietnam has developed a Green Growth Strategy (VGGS) that is based on a low carbon development 

strategy. Green growth is a means to achieve a low carbon economy and to enrich natural capital. It 

is a principal direction in sustainable economic development and focuses on reduction of greenhouse 

gas emissions. The increased capability to absorb greenhouse gasses is an essential indicator for the 

socio-economic development in VGGS strategies. It is not only low carbon growth that is included in 

the approach, but also greening of production and greening of lifestyles.  

The ecosystem services sheet of WA+ expresses the amount of atmospheric carbon that is 

sequestered in wood and soil. The emissions of various types of greenhouse gasses are estimated 

from land use classes and are part of the accounting system. The sustainability of green landscapes is 

expressed in the sustainability sheet, which incorporates land use changes, and the changes in 

fractional vegetation cover and soil moisture. The link between water flows and green growth is thus 

part of the WA+ system. 
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5. Contribution of WA+ to water governance 

Governments are in general responsible for the management and planning of land and water 

resources. Many countries have laws and decrees that dictate regular reporting on the state of the 

water resources. Public agencies thus have to develop plans for the allocation of renewable water 

resources to multiple water user groups. A proper balance between blue water allocation for 

economic development, food security, energy and ecosystem services need to be achieved. Planning 

agencies develop master plans for river basins and - after spatial aggregation - at national scale. 

Various Departments have to collaborate to design and implement these plans. The Departments of 

Water Resources, Irrigation, Agriculture, Forestry, Environment, Industry, Energy, Commerce, 

Transport and Infrastructure are - in whichever country - often separate entities with limited 

exchange of information. These Departments and agencies have their own information sources and 

observation networks, not un-occasionally in a small fraction of the country only. Special projects 

foresee the installation of a sensor network in a particular river basin, but do not cover other river 

basins. A country like Peru, for instance, is measuring water flows in 25% of the country, and the 

remaining area is ungauged. This is a common situation for many river basins in developing 

countries. Counsel Boards and Steering Committees with clearly defined tasks and responsibilities 

with the same Department, have often unequal access to data and information. Dissimilar sources of 

information and terminologies jeopardize the transparency necessary for joint decisions on water, 

land and ecosystems.  

The Vietnamese Law on Water Resources was passed in 1998 and updated during 2012. It provides 

the legal basis for the management, protection, exploitation and use of the national ground and 

surface water resources. It also prescribes the administrative authority and responsibility to 

implement this Law, including the cooperation, communication and coordination of the various 

ministries and agencies of the government, provinces, water users and the public. The Environmental 

Protection Law from 1993 (and updated in 2005) defines the management rights and responsibilities 

related to the exploitation and use of natural resources, including wetlands. The Ministry of Science 

and Technology (MOST) sets water quality standards and undertakes background research related to 

the Environmental Protection Law. According to the Decision No. 182/QD-TTg dated January 23, 

2014, the Prime Minister of Vietnam approved a national action plan to raise the efficiency of 

management, protection and general use of water resources for the period 2014-2020. This decree 

comprises a national strategy on water resources to 2020 with a specific reference to "water 

investigation; monitoring, and planning, especially for trans-boundary and multi-provincial river 

basins”. WA+ is perfectly suited to help implementing this decree, and also the implementation of 

the Strategy on Natural Disaster Response and Mitigation, as well as the National Trade Program on 

Climate Change. The basic information on flood and drought risks, and total agricultural productivity 

are explicit components of WA+.  

 

An example of entangled water institutions and governance in Vietnam is provided in Table 3. Central 

ministries (MARD, MONRE, MOH) plan the water policy, define the regulations and procedures, set 

the water quality standards and frame the operation of water works at large scale (i.e. nation, trans-

boundary and multi-provincial basin). The Ministry of Construction (MOC) provides urban water 

supply, drainage  and sanitation. The Ministry of Trade and Industry (MOTI) implements and operates 

hydropower plants. Marine navigation and all transport on waterways and roads is under the aegis of 
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the Ministry of Transport (MOT). The Ministry of Science and Technology (MOST). Yet, together they 

have to implement together the concept of integrated water resources management. 

The provincial departments (DARD, DONRE, DOC, DOTI, DOT) are responsible for the implementation 

of the activities within provinces. Provincial departments supervise autonomous enterprises (state, 

single-member limited, or joint stock companies) that develop and manage water resources, and 

operate water distribution and drainage systems for the Provincial Peoples Committee (PPC). 

Departments are sometimes responsible for both state management and operation and exploitation 

of irrigation works, and may even play consultative roles in planning, surveying, and designing. This 

arrangement affects the efficiency of state management (Loi, 2007). 

Table 3: Public agencies responsible for the Measurements - Reporting - Planning - Monitoring 

(MRPM) of water resources in the Ca River (Vietnam) according to Dr. Dong Bui (AWAPI) 

 

WA+ contributes the key data tabulated in Table 2 on hydrological processes and water resource 

management conditions to all these stakeholders at different organizations, levels and disciplines. 

Hydrologists, environmentalists, agronomists and legal officers should be able to understand and 

grasp the information. 

The WA+ data can be related to the current situation in a river basin (i.e. business as usual) and also 

entertain new developments and interventions in the water cycle (see inset below). WA+ will have 

impact on the planning of water resources and an efficient management if all the Ministries, 

Departments, Boards and Committees have access to this same basic information. The development 

of such data democracy will progress with the launch of open-access data platforms such as 

www.wateraccounting.org. It is thus of essence to disseminate the data and information related to 

water accounting. 

http://www.wateraccounting.org/
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WA+ is meant to Measure, Report, Plan and Monitor (MRPM) on water resources conditions and 

the services and benefits. This information can facilitate the decision making of a number of 

strategic and longer term planning issues, such as: 

• Can we enhance the water yield from upstream areas without deteriorating the 

biodiversity of forested catchments? 

• Will the construction of new reservoirs alleviate the water scarcity of certain water use 

sectors, and is it worth making the investment?   

• Would artificial groundwater recharge be an opportunity to carry over water resources 

between the monsoon and dry season, and would it have noticeable impact on the water 

availability in the dry season? 

• Does a larger volume of environmental water flow leach out salts in the soils, combat 

seawater intrusion and create more healthy coastal wetlands? 

• What is the impact of afforestation and agroforestry in the upstream areas on food 

security, carbon sequestration and downstream water availability in deltas? 

• Is the utilizable flow to the sea during the dry season sufficient for allocating more water 

to irrigation systems? 

• What are the current levels of crop water productivity, and is it feasible to increase them 

for achieving more crop per drop? 

• Do future scenarios of precipitation and evapotranspiration affect the per capita 

available water resources? 

• Is the river basin resilient to a higher frequency of floods and droughts? 

• Is it possible to reduce soil erosion, keep up land fertility and reduce greenhouse gas 

emissions basin-wide?  

• How does urban encroachment affect the water balance of deltas?  
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6. Local water management challenges: the case of the Ca River 

The Ca River is the third largest river basin of Vietnam (see Figure 5) and is a typical example of a 

forest (upstream) & delta (downstream) ecosystem. The basin emerges from the highlands of Lao 

PDR and flows into the Tokin Sea. It encompasses 27,200 km2 with 65% located in Vietnam. The basin 

covers the provinces Nghe An, Ha Tinh, Thanh Hoa and Quang Binh. Nghe An Province occupies 

51.6% of the area of the Ca River. Approximately four million people live in the Ca River. 

 

Figure 5: Location of the Ca River in Vietnam. The basin originates in Lao People Democratic Republic  

The river basin is endowed with tropical rainfall patterns, with an annual average basin-wide rainfall 

of 1650 mm/yr. The majority of the landscape consists of natural vegetation, among others forests, 

bushland, grassland and herbaceous cover. The delta consists essentially of build-up areas, paddy 

fields and fish ponds. Irrigation water in the lower part of the delta is provided by gravity. In the 

middle part of the delta – and further upstream – water is pumped from the river. A tertiary 

irrigation canal serves approximately 5 to 10 ha. There is a Water User Organization to distribute 

water among the users. The average farm holding is 0.2 to 0.3 ha.  Rice is cultivated in two seasons. 

The period January to May is the dry season. The second rice season elapses from May to 

September, which coincides with intensive rainfall periods. There is a general believe that the yields 

in the delta are declining due to groundwater quality degradation (mainly soil salinity) and falling 

water tables due to groundwater exploration.  

The rainfall is very distinct during 4 months with a rate exceeding 200 mm/month, followed by 8 

months with low rainfall (see Figure 6). While the rainy season between July to October causes 

floods, the dry season is characterized by a shortage of water for natural vegetation and irrigated 

lands. The Ca River is facing a number of problems that emerge from the strong monsoonal character 

of the basin. These problems can be arrested by building more storage capacity.  There are 625 small 

irrigation reservoirs with the net capacity totaling almost 370 Mm3. Currently six hydropower plants 

are under operation. Two big reservoirs are under construction (Ban Mong and Ngan Traoy), and 10 
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other smaller ones. Feasibility studies are under way for five more dams, bringing the total number 

of dams and hydropower plants being planned to 23 with a total capacity of 2,000 Mm3. This is a 

welcome development, but it is far from sufficient to store the excess water that is flowing into the 

Gulf (approximately 15,000 to 20,000 Mm3/yr). Solutions have to be sought where more water can 

be temporary buffered and stored, also by means of non-conventional solutions. Storage 

management is one of the main issues in the Ca River, and safe dams are a necessity. While the 

development of more dams is welcome, the safety of these dams in extreme weather events and/or 

over time is an increasing concern for the Government of Vietnam.  

The international NGO on dam safety selected the Ban Mong dam located on the Hieu River - that is 

a  tributary to the Ca river in Nghe An province - for an inspection, and concluded that the dam 

spillway should be upgraded to safely pass the probable maximum flood. The Ban Mong Closure Dam 

(earthfill embankment dam) is vulnerable to dam crest overtopping during extreme floods. It is 

recommended that the dam parapet wall on the closure dam is raised to prevent overtopping.  A 

surveillance and monitoring plan needs to be developed (Damwatch, 2015).  

 

Figure 6: Monthly rainfall for the entire Ca River based on TRMM satellite data for the period 2006 to 

2010 

Inflow into reservoirs is not accurately known, partly because the rain gauge network density in 

remote mountainous regions is generally meager. Evapotranspiration (ET) from the upstream 

forested catchments is not very well understood either, and as a consequence the water yield from 

the upstream catchments (i.e. P - ET) remains uncertain. The un-coordinated releases of water during 

the peak rain season has led to downstream flooding, and loss of life and economic assets. The water 

releases from the dam are based on power supply demands only. As a result, river flow during the 

dry season is not meeting water demands for irrigation (220,000 ha), aquaculture (27,300 ha fresh 

water; 3,600 ha brackish water), industry, and domestic sectors (4,2 million inhabitants). The current 

dam operation policies result into low river flows during times of low energy requirement. The latter 

creates difficulties for navigation and does not meet the environmental flow requirements.  

Low river flow causes seawater to intrude into the basin. Salty seawater tongues flow inland up to 

distances of 35 km from the river mouth. This result in a lack of enough fresh water for megacities 

such as Vinh and its surrounding irrigation systems (see Figure 7). The basin has to become more 
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climate resilient and longer term strategic solutions have to be defined. This is partly a water 

governance problem, and partly a physical water scarcity issue. 

Forests enhance rainfall, cool down the atmospheric boundary layer, sequester atmospheric carbon, 

reduce sediments and delay runoff to rivers, which enhances base flow and provides water during 

the dry season when water levels in lakes and reservoirs are low. Forest cover, forest health and 

forest carbon stocks are used to express the ecosystem services as part of REDD+. The hydropower 

agencies are charging a green label to their electricity customers. The electricity firms are supposed 

to pay the local forest owners or managers for Environmental Services, although the program is in 

the early stages and needs more time to fully develop.   

 

Figure 7: Overview of the problems experienced in many river basins of Vietnam (courtesy: Duong Bui) 

The Ca River branch of the Water Resources Planning Institute of the Ministry of Agriculture and 

Rural Development (MARD) has recently created a master plan to alleviate the water and 

environmental problems of the basin, where feasible. This plan is based on conventional data 

collected by the MONRE provincial department for Nghe An Province (DONRE). Some main 

ingredients of the master plan are: 

 Rehabilitation and construction of dams 

 Improvement of the drainage infrastructure 

 Upgrading the dike protection system 

 Improved inter-reservoir water management 

 Enhanced forest protection 

 Improved erosion prevention 

 Arrest water quality deterioration 

The main emphasis of the master plan is to rehabilitate, upgrade and construct new dams for 

hydropower and supply to irrigation systems. Sediments in riverbeds, reservoirs and estuaries need 

to be prevented by reducing upstream erosion processes, and it is recognized as a fundamental 

problem in the Ca River. The master plan anticipates a horizontal expansion of irrigated areas. Canals 

need to be rehabilitated and deepened where necessary. Dredging of water conduits routes is 
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foreseen. Adequate drainage of excess water is explicitly mentioned in the plan. Drainage water from 

low lands need to be pumped away. Manmade inundations are in place to skim off high water levels 

in some flood plains to prevent flooding of dense populated areas further downstream. Floods do 

not occur regularly, except during occasions of flash flooding from upstream areas.  

A reinforced dike system is described in the master plan for protecting residents in low altitude 

areas. Sea dikes are protecting the delta from tides and high levels during storm surges and 

typhoons. There are not many natural dunes to protect the coastal area. Coastal protection forests 

and tidal blocking trees should be conserved and enhanced. The sea dike routes need to be 

completed, ensuring grade 10 storm protection and sustaining tides with a certain return periods and 

preparedness to resist 5% sea level rise.  

The master plan also touches on the management aspects of land and water resources. Operational 

procedures for inter-reservoir water flows during the flood season and dry season needs to be 

improved for more harmonious advantages of domestic and industrial water use. Unnecessary 

flooding occurs due to simultaneously spilling of water. A hydro-meteorological observation and 

water resources supervision information system is deemed necessary. Such a system should be 

complemented with an early warning system to forecast flows and improve the operation of 

reservoirs.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Some solutions for the Ca River. Create healthy forest systems that buffer rainfall, delay runoff, and 

reduce erosion. Build more reservoirs, enhance storage in aquifers for carrying-over water from 

monsoon to dry season. Use floodplains to skim off peak flow and leach salts. Establish, more 

mangroves in the coastal belt. Manage, water release from dams based on downstream water 

demands, including environmental flow requirements. An early warning and decision support systems 

is needed for better management of reservoirs. WA+ can assist in longer term planning of land and 

water resources. 
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Table 4: Synthesis of major concerns in the Ca River  

Theme Problem Consequence 

   
River floods Intensification of erratic rainfall that causes flash 

floods 
Threat of flooding populated areas 

Water withdrawals  
 

Withdrawals for irrigated crops, vegetables, 
aquaculture, cattle breeding, domestic use, 
industrial use and wetlands are not known 

Target levels between water 
supply and water demand are 
difficult to evaluate, and the 
related policy cannot be 
implemented 

Climate change Sea level rise, flooding, droughts, damaging cold 
weather, hail, water flow increase in flood 
season and decrease in dry season 

Amplified imbalance between 
water excess and water scarcity,  
causing deltas to be submerged. 

Reservoir operations Simultaneous spilling of reservoir water Manmade flood risk increase 
Deforestation Removal of forests that reduce carbon stocks, 

increase greenhouse gas emissions, enhance 
sediments in reservoirs and river beds  

Unsustainable landscapes with 
weak ecosystem services, adverse 
impacts on deltas 

Urbanization Urban areas encroach into rural landscapes Reduced food security, increased 
flood risk and polluted waste 
water 

Salinization of 
delta's 

Falling water tables enhance the intrusion of 
saline groundwater into Pleistocene coastal 
aquifers. Groundwater is arsenic at places.  

Reduced crop yield and crop water 
productivity, conversions from rice 
fields to fish ponds 

Non-source 
pollution surface 
water  
 

The cultivation of rice is associated with the 
usage of pesticides and insecticides with 
residues in the ponded paddy fields and 
drainage systems 

Degradation of water quality and 
difficulties in recapturing non-
consumed water 

Water Governance The Ca River lacks an institutional mechanism of 
integrated planning, documentation and data 
collection.  
 

The information on resource base 
is weak and refrains decision 
makers from becoming more 
innovative and strategic.   
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7. WA+ for Measurements - Reporting - Planning - Monitoring in the Ca 

River 

Hydrological models, early warning systems, decision support systems, remote sensing 

measurements and water accounting system are analytical tools that all have their own objectives. 

This section is meant to clarify the role of WA+ in the management of water, land and ecosystems. 

WA+ for Measurements (M) 

Classical hydro-meteorological observatories are made at weather stations (including precipitation),  

river flows at a few gauging stations, and some piezometric readings of the pressure heads in 

aquifers. There are 10 discharge measurement stations in the Ca River and 7 weather stations. 

Reference evapotranspiration of well watered clipped grass is computed from the weather station 

data. This information is insufficient for diagnosis all the flows, fluxes, stocks and changes in storage. 

WA+ is based on satellite measurements of (i) rainfall, (ii) actual evapotranspiration, (iii) biomass 

production, (iv) land use and (v) water levels in lakes and reservoirs. The power of measurements on  

a pixel-to-pixel basis is great, and with smart combinations of this raster data, processes such as 

spatial distributed runoff can be estimated (see Figure 8). Other relevant data such as river flow, base 

flow and groundwater recharge need to be interpreted from hydrological simulation models. Either 

global standard models are used to derive this information (e.g. PCR-Globwb; GlobWat) or locally 

implemented models that have been set up historically as part of a particular international project 

(e.g. SWAT, Mike). Inclusion of these new technologies makes it feasible to gather a rather  

comprehensive picture, also for the ungauged parts of the basin. 

 

Figure 8: Spatially distributed runoff across the Ca River averaged for the period 2006 to 2010. Total 

runoff is computed from the longer term difference in rainfall and evapotranspiration, ignoring 

storage changes  
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WA+ for Reporting (R) 

The reporting style of WA+ is thematic and by means of easy to understand sheets. The sheets 

include only a small set of numbers. Examples of the latest versions of the WA+ sheets are provided 

in the Appendix. WA+ estimates the withdrawals, consumptive use and return flows of each water 

use sector. The reporting is supported by the mass balance of the surface water and groundwater 

systems. Groundwater abstractions are mainly meant for industrial and domestic use, and the 

majority of the return flow goes to the surface water network. New versions of the WA+ Surface 

Water and Groundwater Sheets will be launched during 2015. 

Water resources related ecosystem services are reported in terms of a number of processes such as 

(i) water yield, (ii) atmospheric moisture recycling, (ii) erosion, (iii) carbon sequestration, (iv) 

greenhouse gas emissions, (v) biodiversity, (vi) flood risk, (vii) intra-seasonal water storage and (viii) 

vector borne diseases, among others. Together with the Water-Land-Ecosystem program of the 

CGIAR, a WA+ sheet for ecosystem services will be met. The changes in time of these processes are 

expressed by means of the Sustainability Sheet.  

This style of reporting is different from the classical statistics related to irrigated areas, length of 

canals, drains, dikes, acreages of wetlands etc., that certain countries are currently practising.  A new 

style of reporting is a logical consequence of the advanced measurement system. 

WA+ for Planning (P) 

Once the hydrological, water management and ecosystem services functioning is described, the 

impact of interventions can be quantified on WA+ sheets that reflect the new and future conditions. 

The difference between current and future WA+ reports form the basis  for assessing the adjusted 

benefits and services. This is a classical scenario analysis. Typical scenarios to be tested for the Ca 

River are discussed below. 

Examples of studying the impact of interventions 

A System of Rice Identification (SRI) has been encouraged for more than 20 years that includes 

alternate wet and dry rice cultivation and other interventions to reduce greenhouse gas emissions. 

The impact of SRI on agricultural water consumption and crop production can be assessed. 

Buffering of water during the wet season and carry over to the dry season is an essential component 

of the adaptation to climate change. The impact of afforested catchments, small reservoirs, recharge 

ponds and Managed Aquifer Recharge (MAR) on dry season water availability can be assessed. 

Green growth is associated with healthy biomass production that extracts carbon from the 

atmosphere and store the atmospheric sink in the subsoil. It also creates habitats  for more species 

of flora and fauna. The impact of a greener landscape on the water cycle will be evaluated, including 

the role of atmospheric moisture cycles to sustain rainfall. 

A dam is planned on the Lam river to prevent salt seawater from coming further inland. This can 

reduce the environmental flow requirements. The impact of freeing more water to meet the growing 

population can be assessed. 
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A modified release of water from dams will decrease the gap between water supply and demand, 

and the impact of improved operations on water scarcity can be assessed. 

The flood risk will be estimated by studying the intensification of storms and the enhanced runoff 

and inundations. 

WA+ for Monitoring (M) 

The availability of spatially distributed data and a number of indicators  describing the recent past of 

river basins, in association with planning of future water management scenarios and target, will lead 

to the definition of a number of target values. These target values could be x % reduction of flooded 

rice, x % expansion of agroforestry, x % more baseflow during the dry season, x % reduction of non-

utilized water resources, x% less greenhouse gas emissions, x % more carbon credits etc.  

The difference between the actual conditions and target values is expressed by a number of key 

performance indicators. These key performance indicators will be based on remote sensing time 

series and used to summarize the monitoring and successful implementation of changes in water 

resources management. Key performance indicators in river basin management will be inferred from 

WA+, and used to report to the highest political levels in a country.  

WA+ limitations 

WA+ is a reporting system that contains strategic information. WA+ does not provide daily data on 

water demands and water supply. So the tool cannot be used to operate reservoirs and irrigation 

canals. The latter requires continuously updated real time information on the water demand from 

the irrigation systems, domestic sector, industry, hydropower and wetlands vs. the water availability 

from reservoirs, lakes and rivers. Decision-Support-Systems (DSS) are designed for this purpose. 

While WA+ can compute the monthly biomass production and carbon assimilation in agro-

ecosystems, it is not meant to predict the food security for given years. Carbon credits and crop yield 

could be inferred from WA+, but only in a retrospective manner. WA+ tabulates monthly values of 

processes related to water consumption, but has no predictive capabilities. Future predictions can be 

made only with hydrological, hydraulic, ecological production and crop yield models. These models 

simulate physical processes using new boundary conditions such as changes in land use and water 

availability, both short and long term. Output from simulation models can be presented in the WA+ 

framework for easy understanding the impact of improvements in integrated water resources 

management. 

Other limitations are apparent from Table 1, such as economy, water quality and local  reuse of 

water. WA+ is neither meant for economic evaluations, nor for ecosystem services and 

environmental degradation. WA+ provides quantitative water information related to economy and 

healthy ecosystems, but it will never replace a model such as INVEST. Degradation of natural 

resources is highly relevant, but as long as there is no water component attached to it, it will not be a 

part of WA+.  
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8. Concluding remarks 

The planning agencies have to implement the national water law. Efficient water management is 

explicitly mentioned in the Vietnamese water law, and this can only be analytically determined with 

WA+. Operational agencies of river basins have the responsibility to take care that the targets set by 

the planning agencies are implemented. WA+ will assist them with key performance indicators, and 

show what goes well, and what goes wrong. Operational agencies have to manage the water levels, 

withdrawals and the water quality. WA+ is not designed to directly assist them with the operations. 

For this purpose operators should utilize decision support systems.  

WA+ is therefore a system that assists the managers of river basins - as well as other involved water 

professionals - with Measurements - Reporting - Planning - Monitoring (MRPM). The Measurements 

will pinpoint the vulnerability to water resources. The Reporting covers water resources conditions,  

including the agricultural and ecosystem services, and disseminate this data via a web-based service 

to all stakeholders. This is especially relevant for the transboundary character of the Ca River.  The 

Planning component of WA+ assists with the decision making process of longer term changes in land 

use and water consumption. The Monitoring reveals whether the targets are met. There exist a 

complementary nature between WA+ and SEEAW, and similarities out way differences. The pathway 

of WA+ feeding SEEAW needs to be explored for involving the economic aspects of water 

consumption. 

WA+ is a new tool, and Vietnam is among the first countries who are building up experience within 

their national water governance. The monthly water accounts from WA+ help to address evolving 

challenges for water governance. The collaboration between VFD and the Institute of Water 

Resources Planning (MARD) is paramount for getting feedback on the implementation of WA+; both 

at the level of the country, as well as of a province and a single river basin.  

Winrock will facilitate Governments around the world with preparing their water master plans and 

monitor the progress of the implementation. It is expected that the open-access character of WA+ 

will increase the data democracy and establish a better water governance. This will only occur if the 

concepts of WA+ are well understood, and the open-access information will be consulted in key 

decision making processes. Winrock can provide the required capacity strengthening for the water 

sector and roll out WA+, not only in Vietnam, but in all river basins where a tighter water 

management is required. 
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Appendix: Examples of water accounting sheets. The January 2015 versions are included 
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