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Abstract:  
 
The  sustainable use of water and land resources in Southeast Asia will require 
increasingly sophisticated information on the functioning of water flow systems and how 
they are affected by socio-economic and political institutions. The SEA-BASINS project is 
developing a multi-scale (time, space) integrated regional-scale computer model  NAGA.  
to evaluate changes in the water resources as a function of changes in landuse and land 
cover and regional climatology over river basins. It describes how materials are 
mobilized and transported from the land surface to the coastal zone. The overall ensemble 
of landscape features is considered as a spatially-explicit "physical template." With a 
physical template specified, models of dynamic processes of the environment can be 
developed, coupled, and used to evaluate resource issues. The dynamics of water 
movement are modeled using the Variable Infiltration Capacity (VIC) model,  a semi-
distributed grid-based hydrological model which parameterizes the dominant processes 
taking place at the land surface - atmosphere interface.  A mosaic representation of land 
surface cover, and subgrid parameterizations for infiltration and the spatial variability of 
precipitation, account for sub-grid scale heterogeneities in key hydrological processes. A 
water management and water chemistry submodels are under development. 
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1. TOWARDS AN INTEGRATED MODEL OF REGIONAL RESOURCES IN 
SOUTHEAST ASIA 
 
                                                           
1 Richey, J.E., M. Logsdon, S. Rodda, B. Nijssen, D. Lettenmaier, and A. Snidvongs. 2000. Sea-Basins: 
Towards A Coupled Hydrological and Material Transport Model of Southeast Asia and the Mekong River 
System. Pp. 40-62, In R.W. Al-Soufi (ed.), Proc. of the Workshop on Hydrologic and Environmental 
Modelling in the Mekong Basin. Tech Support Division, Mekong River Commission MKG/R.00017, 
Phnom Penh. 382 p. 
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One of the most serious problems for policy makers at regional, national and local levels 
in Southeast Asia is to maintain sufficient freshwater supply for increasing demand. .The 
extraordinary pace of development and population growth in much of the region has 
placed dramatically increasing pressure on environmental resources. These changes have 
major consequences for economic opportunities and hence are risks for investments.  
river basins and their downstream coastal ecosystems. Decisions about the usage and 
allocation of natural resources are generally made according to economic and political 
criteria. Policy makers frequently face conflicts among different interested groups, 
especially when a new development is proposed.  Construction of large dams and 
irrigation megaprojects are clear examples where developers, environmentalists, local 
communities and water users conflict with each other. 
 
In the face of inevitable pressures on the environment, resources must be allocated and 
utilized with a higher degree of precision than they are currently. Without an accurate 
understanding of linkages between water resource and its controlling factors, and ability 
to forecast quantitatively individual and combined impacts of such factors, most 
problems remain and conflicts are not be settled. The sound management and 
optimization and hence sustainable use of water and land resources will require 
increasingly sophisticated information on the functioning of water flow systems and how 
they are affected by socio-economic and political institutions. A template where decision-
makers can consider rigorous scenarios of alternative futures could play an important role 
in making complex environmental decisions.  This requires an accurate understanding of 
linkages between water resources and its controlling factors, and the ability to 
quantitatively forecast individual and combined impacts of demand. 
 
The challenge is to capture the system dynamics of the landscape with sufficient detail to 
be relevant on a broad geographic base. The problem is to understand and to capture the 
spatial and temporal scale of both anthroprogenic demands and natural processes in 
moving water across the landscape and into the ocean. Richey (in press) suggested that 
contemporary "Earth System Sciences," with their emerging capabilities in spatial and 
dynamic modeling coupled to such sophisticated observation systems as satellites, are 
now poised to provide a bridge from the basic science of large-scale river basins to the 
improved management of these resources. Because these studies involve how the Earth is 
changing, they are built on the “first-principles” of how systems function. Hence they 
well structured for developing the type of scenarios that basin planning requires, as 
opposed to, for example, more traditional statistical approaches. The process must 
involve not only the scientists building the models but the policy makers and the citizenry 
of the region who will use it and be affected by it. 
 
Developing and executing such a strategy for taking basic science information and 
translating it into water resource information and management at regional scales is the 
overall objective of the project, the “Southeast Asia Integrated Regional Model: River 
Basin Inputs to the Coastal Zones (SEA-BASINS).” The central question being asked by 
SEA-BASINS is: 
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“What are the physical and ultimately economic consequences of changing land-use and 
climate on the mobilization of water and its chemical load from the land surface into the 
coastal zone? 
 
The process of implementing SEA-BASINS is to develop a multi-scale (time, space) 
integrated regional-scale computer model  (integrated assessment model) NAGA 
(http://boto.ocean.washington.edu/sea-basins).  The objective of the model is to evaluate 
changes in the water resources as a function of changes in landuse and land cover and 
regional climatology over river basins. It describes how materials are mobilized and 
transported from the land surface to the coastal zone. The model approach is derived 
from extensive research in the Amazon basin (Richey and Victoria 1996; 
http://boto.ocean,washington.edu/camrex). In this paper we discuss the strategy of 
assembling this model, with a specific application to the Mekong basin.    
 

 
2.   A STRATEGY FOR SPATIALLY-EXPLICIT, DYNAMIC MODELS OF 
LARGE-SCALE RIVER BASINS 

  
The impact on river systems occurs through erosion of the land surface, changes in the 
nature of the sediment and its associated organic matter, and nutrient content from 
agricultural and urban sources. Changes in hydrology are immediate consequences of 
dam construction and large-scale water diversion for irrigation.  Longer-term changes in 
regional weather patterns and climate will result in altered flow regimes and thus impact 
downstream ecosystems including coastal zone. Coastal ecosystem production relies very 
strongly on material inputs from land. Deterioration of water quality, due to natural 
causes such as salt and acidity, and anthroprogenic causes such as domestic, agriculture 
and industry, is problematic in most if not all countries in this region. 
 
The strategy required to develop such information is to link the flow of materials through 
the landscape down river channels into the sea to the ecological and chemical attributes 
of drainage basins in a quantifiable and ultimately predictable manner. It includes the 
requirement to assess short-distance direct inputs, including coastal cities, to the coastal 
zone (an issue rarely confronted directly). The problem is to then interactively link that 
quantitative understanding to the demands put on that system by society and in turn the 
feedback onto society by changes in the system.  Analyses must include time series, to 
understand the time scale of change. A final challenge is to convey the resulting 
information to policy makers and investors (perhaps through the utilization of enhanced 
visualization techniques). 
 
A strategy for capturing the dynamics of large-scale river basins is to build multiple time- 
and space-scale integrated computer models of changes in the water flow and 
biogeochemistry of river basins as a function of changes in landuse and land cover and 
regional climatology over the basin. An important issue is that regional analyses based on 
detailed data are generally difficult to realize; data are simply too sparse.  Computer 
models coupled to field observation systems can provide regional interpolations, use what 

http://boto.ocean.washington.edu/sea-basins)
http://boto.ocean,washington.edu/camrex)
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data do exist as validation points, and in the process estimate overall dynamics and 
specific fluxes of water and chemical constituents in areas where data are unavailable. 
 
Because of the complexity involved in working at such scales, such a strategy must factor 
in the tradeoffs involved. Richey (in press) proceeded from the fundamental attributes of 
drainage basins to dynamic models thereof. A watershed, as the landscape through which 
all waters flow from their highest source before draining naturally to the sea, can be 
considered to be a fundamental organizing unit of the land surface and its population.  
The hydrology of a small stream is determined by the larger watershed that stream is 
nested in, which probably has its headwaters in an another county or even country. 
Impacts of land-use change on an entire river basin cannot be defined by simply 
“summing up” the impacts observed on individual streams; extrapolations based on 
"scaling" must be made. Overall, we must recognize the spatial and temporal 
relationships between dynamic ecosystems within river basins, where a landscape is 
composed of ever-changing elements, according to how the system is observed.  
 
2.1. Intrinsic Spatial and Temporal Scales of Watersheds 
 
So what are the scales at which watersheds and their models can realistically be 
represented? Ultimately, this is a tradeoff between how finely individual processes can be 
described, the data that are actually available, and the ability of computers to make 
calculations. Theoretically, there is a continuous range of scales represented in a 
watershed. In practice, the nature of how observations can even be made imposes some 
serious constraints. For example, an observer flying over a section of the Amazon 

Fig. 1.  What the environment “looks like” as seen with observation systems
appropriate at different scales: The Amazon floodplain from an observer in a
light airplane (upper left), the Amazon floodplain from LANDSAT TM (30 m
pixels), a section of Rio Xingu from AVHRR (pixel of 1 km, upper right), and
Taiwan at 1 km (lower right, left) and at 100 km (lower right, right)
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floodplain will see a series of discrete and recognizable landscape patches, made up of 
streams, main river, pastures and forest, and open and closed lake environments (Fig. 1).  
The processes occurring in each patch can be readily be measured directly. A landscape 
of this scale can best be described by satellites of the type LANDSAT Thematic Mapper 
(TM), which can “see” up to 180 kilometers in extent. But the distinction of what can be 
observed is reduced to 30-meter homogeneous patches (“pixels”) in fewer spectral bands 
than the eye itself will observe, resulting in a more blurred view of the landscape. In 
moving to larger scales yet, which is necessary to characterize regions, our ability to 
observe distinct features is degraded further. For example, the Advanced Very High 
Resolution Radiometer (AVHRR) satellite can “see” for hundreds of kilometers, but with 
no better than one kilometer-sized pixels, in fewer bands yet. As a result, for example, the 
Rio Xingu in the Brazilian Amazon is barely distinguished, never mind details of the 
floodplain. In moving from the AVHRR-scale view to the global scale pixels of one-
degree latitude/longitude (about 100 km on a side in low to mid latitudes) render large 
regions essentially uniform (e.g. Taiwan becomes 2 pixels). At these larger scales, 
specific objects in space are less important then the general "pulse" between longer 
temporal patterns and larger spatial extents.  Time and magnitude of spatial variance are 
perhaps the most important variables at these scales. Issues of data aggregation and 
temporal phasing drive the modeling requirements.  
 
The temporal scales of watersheds cover as much range as do the spatial scales. While the 
shape of the landscape itself  (hills, valleys) will evolve (on geological time scales), these 
changes occur much more slowly than the seasonal and yearly evolution of the landcover 
and landuse. These seasonal changes in turn occur much more slowly than a rainstorm, 
whose characteristic time scale is on the order of minutes to hours. The processes with 
which we are concerned, for example the translation of rainfall into runoff across 
different types of landscapes, are themselves described differently at different space 
scales. The overall ensemble of these landscape features, which we can observe at 
multiple scales, can be thought of as the "physical template" upon which the more rapidly 
dynamic processes can operate. 
 
2.2. Towards a Spatially-explicit Model of the LandscapeTo bring this multi-scaled 
physical template into a computational environment, the template can be thought of as 
being made up of a series of multiple elements, (called grid cells or drainage basin 
elements), each of which has uniform attributes which can be characterized (Fig. 2). 
These attributes (themselves spatial models) must include those representations of the 
landscape which subsequent dynamical models require (e.g., the hydraulic properties of 
soil imparted by soil texture). A region is then made up of multiple grid cells, according 
to the resolution desired and what data it is feasible to acquire. The ensemble of these 
attributes can be represented in a computer format with which calculations can be made. 
The emergence of Geographic Information System (GIS) computer software allows such 
an organization of information. 
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The physical template is more then 
a GIS database of thematic layers. It 
is the explicit geographically 
referenced statement of the 
relationship between these data 
layers over both space and time. 
The template captures the 
multiplicity of time and space 
scales over which the watershed 
environment changes and which 
humans must respond to. The 
template is restricted, of course, to 
the data available to describe it. 
 
Within the template, the “slowly-
changing” elements of the 
landscape (topography, river 
networks, soil texture) can be 
derived and left alone, as they 
change much less frequently than 
the more dynamic components of 
the system. Landcover and landuse 
(often determined through satellite 
imagery) are attributes that may 
need to be updated on their characteristic time scale of seasonal to annual (depending on 
the objective).  The next level of temporal resolution is that of changes in rainfall, solar 
radiation, humidity, and surface winds, which are the inputs (“biophysical drivers”) for 
the dynamic models themselves. 

Fig.  2. Schematic of pixel-based model in a spatially-
explicit framework. A water and chemical balance is 
calculated for each pixel, with the output at each site in 
the grid collected and routed down a river network to 
the ocean. 

  
With a physical template specified, models of dynamic processes of the environment, 
from the atmosphere to the land surface to marine circulation and productivity, can be 
developed, coupled, and used to evaluate resource issues. Models consist of the scientific 
theory of physical processes affecting a region, embodied in a computer program. While 
imperfect and at risk for misuse and misinterpretation, such models do summarize the 
cumulative understanding of a problem in ways that can be tested.  
 
In summary, there are three components to this strategy. The first is to build a spatial 
model, or "physical template," of the physiography of a region. The next step is to models 
of the flow of water across the landscape and down river channels. These models must be 
provided with precipitation, solar radiation and temperature as their drivers.  The final 
step is couple the spatial and hydrologic models to models of the origin and transport of 
selected chemicals, or the biogeochemical models. The resulting structure can be used not 
only for basic science questions but also for evaluating the consequences of different 
human resource issues.  
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3. THE NAGA VERSION 2 MODEL OF SOUTHEAST ASIA 
  
In this section, we apply this strategy to Southeast Asia in general, and to the Mekong in 
particular.   

  
3.1. The Physical Template 
 
The first step in building the physical 
template for a basin is to specify the data 
scale and structure. For the NAGA Version 
1 (Richey et al, in review), the spatial scale 
was set to 1 degree (about 100 km). For 
NAGA Version 2 (reported here), the 
spatial scale was set to 1 km x 1 km 
resolution of the satellite data from which 
much info is derived. Input parameters 
were re-sampled to this resolution with a 
binary integer image format from data 
layers in both vector and raster data sources 
in a modeling environment managed by a 
GIS. 
 
3.1.1. Digital Elevation Model (DEM).    

Fig. 3. A 1-km spatial resolution digital elevation 
model of Southeast Asia, derived from the

Fig. 4. Derivation of  a 1-km spatial resolution river network 
from the DEM of Fig. 3, indicated flow accumulation grids 

 
A combination of the digital elevation 
model (DEM) represented by the 
GTOPO30 dataset (a 30 arc second 
DEM produced by the US Geological 
Survey) and a vector cartographic 
dataset, the Digital Chart of the World 
(DCW), were used to derive basins and 
river networks (Fig. 3).   This data 
includes producing a corrected 1km 
Digital Elevation Model (DEM) for 
mainland Southeast Asia, the mainland 
coastal region, and Luzon Island in the 
Philippines.  These DEMs are compiled 
from the corrected individual basins for 
all the major rivers on mainland 
Southeast Asia and Luzon Island and 
have explicit flow directions consistent 
with the Digital Chart of the World 
(DCW) river database (Fig. 4). The 
DCW rivers were burnt into the 
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GTOPO30 DEM. The rivers were further connected into networks based on the DEM 
basin boundaries and flow directions.    

 
3.1.2. Vegetation  

 
We have processed a total of 
seven different land cover 
classification schemes. Six of the 
seven are products of the 
collaborative effort by the USGS, 
the University of Nebraska-
Lincoln, and the European 
Commission’s Joint Research 
Center (JRC) and distributed 
through the Earth Resources 
Observation System (EROS) Data 
Center (EDC) Distributed Active 
Archive Center (DAAC) at 
http://edcdaac.usgs.gov/glcc/glcc.
html. The data have 1-km nominal 
spatial resolution, and are based 
on 1-km Advanced Very High 
Resolution Radiometer (AVHRR) 
data spanning April 1992 through 
March 1993 (Fig. 5). These six 
schemes are derived thematic 
maps, each representing a 
different landscape based on a particular classification legend. The depth of each legend 
varies from a minimum of 10 values (Simple Biosphere Model) to a maximum of 94 
values (Global Ecosystems Model). The six schemes are as follows: IGBP-Biosphere 
Atmosphere Transfer Scheme, IGBP-Global Ecosystems Scheme, IGBP-IGBP Land 
Cover Scheme, IGBP-USGS Land Use/Land Cover Scheme, IGBP-Simple Biosphere 
Model, and IGBP-Simple Biosphere 2 Model. 

Fig. 5.  A 1-km spatial resolution vegetation cover 
map of the Mekong basin (excerpted from overall 
S h A i )

 
Additionally as part of our database, we have the University of Maryland land cover data 
set. Also at 1-km spatial resolution, it was derived from the NASA/NOAA Pathfinder 
Land (PAL) data. This data set has a length of record of 14 years (1981-1994), providing 
the ability to test the stability of classification algorithms. Furthermore, this data set 
includes red, infrared, and thermal bands in addition to the Normalized Difference 
Vegetation Index (NDVI). Inclusion of these additional bands improves discrimination 
between cover types. 

http://edcdaac.usgs.gov/glcc/glcc.html
http://edcdaac.usgs.gov/glcc/glcc.html
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3.1.3. Soils 
 

Fig. 6.  A 1-km spatial resolution soils map of the Mekong 
basin (excerpted from overall Southeast Asia map). 

The soil property layer is a product of the 
Global Soil Data Task, coordinated by the 
Data and Information System (DIS) of the 
International Geosphere-Biosphere 
Programme (Fig. 6). Specific-purpose 
derived data-sets for major classes of 
global soils along with spatial data on 
specific soil properties are generated 
using a supplied proprietary software 
called SoilData. The statistical properties 
are derived from the WISE pedon-
database produced by the International 
Soil Reference and Information Center 
(ISRIC) and classified by the FAO-
Unesco Digital Soil Map of the World 
(DSMW). The WISE-database provides 
soil-profile data that can be linked to the 
DSMW. This linkage thus provides a 
basis for generating statistics on soil 
properties. Surface maps were created for 
nine different properties and at two soil 
horizons (e.g., hydraulic conductivity, 
bulk density, sand, silt, clay). The two 
soil horizons are 0-30cm and 30-100cm. 
Soil texture classes are used to estimate 
field capacity, wilting point, and available 
water capacity (field capacity minus 
wilting point) using the texture-based 
methods of Saxton et al. (1986). Rooting 
depth (which determines to what depth 
vegetation can access water) was 
specified as a function of soil texture and 
vegetation type (sensu Nepstad et al. 
1994) 
 
 
3.1.4. Population 
 
We have, in cooperation with WRI in 
Washington D.C., produced a 1-km 
resolution population data set with a 
population distribution based on remotely 

Fig. 7. Distributed population density.



 10

sensed and other GIS data (Fig. 7). A procedure was developed for distributing 
population densities within each country’s governmental administrative units based on 
land cover, city light extent and frequency, slope, elevation, and protected areas. 
 
 
3.1.5. Surface Forcing - Climatological Variables 
 
The two primary variables most widely 
available in long-term data archives are 
precipitation, and daily temperature 
minimum and maximum.  Ideally, 
gridded fields of all the required model 
forcings would be derived directly from 
observations.  However, in-situ data are 
far too sparse to support such an approach 
except for precipitation and temperature, 
which are observed at a comparatively 
dense network of climatological stations.   
(The typical average spacing over the 
continental U.S. is 30-40 km; with global 
spacing averaging 100-200 km).  
Therefore, we have developed procedures 
to estimate all the forcing variables 
required by the VIC model based on a 
minimum set of variables, which consist 
of the daily minimum and maximum 
temperature, precipitation, and wind 
speed.  The remaining atmospheric 
forcings are then calculated based on 
these variables.    While we are 
developing a higher resolution 
climatology, preliminary precipitation 
fields from global scale data are being used (Fig. 8) 

Fig. 8. A two-degree (about 200 km) 
precipitation grid used to drive preliinary 

li i f h h d l d l ( h d

 
3.2. The Flow of Water Across the Landscape: Hydrology Modeling:  
 
The overall water resources problem for SE Asia and the Mekong is to understand the 
flow of from precipitation across the landscape and down river channels to the ocean 
under both natural and managed conditions. Practically, this breaks into two separate 
problems. We choose to first model the natural flow conditions, and then couple that 
model to a water management model. 
 
3.2.1. Natural Flow Conditions: The Variable Infiltration Capacity (VIC) Model  
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The hydrology of a regional-scale river system can be modeled as a geospatially-explicit 
water mass balance for each grid cell within the basin contributing to stream flow and 
downstream routing (Fig. 9, 10). As such, a model can be divided into two major 
components.  A “vertical” component, which calculates the water balance at each 
individual grid cell, and a “horizontal” component, which routes the runoff generated by 
each grid cell to the ocean.  This split into two separate components has a number of 
advantages.  It separates the “indirect water routing” and “direct water diversions.” The 
former, which include impacts of land use change and climate change, express 
themselves mainly through the “vertical” model, that is, the water balance at the grid cell 
level.  The latter, including increased withdrawals and diversions for agricultural, 
industrial, and domestic use, impact mainly on the “horizontal” model, which represents 
the flow routing.  The separation into the grid cell and channel components also allows 
for an easy interface to treat non-point source and in-channel chemical processes 
separately. 
 
The hydrologic model to be used is 
the Variable Infiltration Capacity 
(VIC) model, developed at the 
University of Washington and 
Princeton University (Liang et al., 
1994; 1996; 1998).  It is a semi-
distributed grid-based hydrological 
model which parameterizes the 
dominant hydrometeorological 
processes taking place at the land 
surface - atmosphere interface.  A 
mosaic representation of land surface 
cover, and subgrid parameterizations 
for infiltration and the spatial 
variability of precipitation, account 
for sub-grid scale heterogeneities in 
key hydrological processes.  The 
model uses three soil layers and one 
vegetation layer with energy and 
moisture fluxes exchanged between 
the layers. Recent additions to the 
model include addition of an energy 
balance snow accumulation and 
ablation model, and a frozen soil 
algorithm (Cherkauer and 
Lettenmaier, 1999).  The model has 
been applied to such large continental 
river basins as the Columbia (Nijssen 
et al., 1997); the Arkansas-Red (Abdulla et al., 1996), and the Upper Mississippi 
(Cherkauer and Lettenmaier, 1999).    

Fig. 9. Schematic of VIC vertical (water and energy balance) 

 



 12

The VIC model has two modes of operation: a full water and energy balance mode, in 
which the surface energy budget is closed by iterating for surface temperature, and a 
water balance mode, in which surface temperature is assumed to equal air temperature.  
In water balance mode, maximum and minimum temperature, precipitation, and wind 
speed are required as forcings.  In the absence of direct observations, downwelling 
shortwave and longwave radiation are parameterized from air temperature, as is 
humidity.  Each model grid cell is assigned a partial coverage of a user-specified number 
of land-use types.  The parameters associated with each land-use type are time-varying 
leaf area index (LAI), the relative fraction of roots in each soil layer, canopy resistance, 
minimum stomatal resistance, roughness and displacement length.  A more complete 
description of model processes can be found in Liang et al. (1994) and  Liang et al. 
(1996).  
 
River basins are modeled as grids (each with sub-grid variability in soil infiltration 
capacity, vegetation, precipitation, 
etc.) which have varied from 1/8th to 
2 degrees, depending on the 
application.  To compare model-
derived to and observed discharge, a 
routing model represents the time 
distribution for runoff reaching the 
outlet of each grid cell as well as the 
transport of water through the open 
channel (river) system.  The 
inclusion of the river routing model, 
developed by Lohmann et al. (1998) 
permits comparisons between the 
model-derived discharge and 
observations at gauging stations. 
Routing of runoff generated within a 
grid cell through the channel network 
is accomplished in two stages. The 
single runoff time-series produced 
for each cell is routed to the cell 
outlet using a triangular unit 
hydrograph (Lohmann et al. 1998).  
The hydrographs for the individual 
cells are routed to the basin outlet 
through the specified channel 
network using the linearized St. 
Venant equations. Fig. 10. Schematic of VIC horizontal (river routing) 
 
Preliminary results are encouraging. Using 2-degree climate data as a test-bed, we 
obtained good agreement between observed and simulated discharge for the Mekong at 3 
gauging stations (Fig. 11). 
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Fig. 10. Mean monthly discharge (Q, m3/s) time series of the Mekong
River, observed (from station data) and predicted by the VIC model

 
. 
 
3.2.2. Water Resource Management Submodel  
 
A series of human interventions affect the natural water cycle. Paddy rice forms the 
major irrigated crop in South East Asia. Current and future reservoir operations affect 
how the water moves downstream. The major operating objectives of the Mekong River 
system and other rivers systems in the region into the future are: flood control, irrigation, 
municipal and industrial water supply, navigation, hydro power generation, and fisheries.  
But VIC generates “natural” flows appropriate to the given land cover conditions, and 
does not explicitly account for dams, paddy rice, or diversions per se. Rather, these 
conditions need to be handled via a separate water management model. 
 
The purpose of a water management model is to predict the effect of water withdrawal   
and reservoir operation decisions on downstream flows.  Such models are constructed 
using naturalized streamflow data (either observed or simulated) and a representation of 
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the water resources system physical characteristics (maximum storage, discharge, and 
any other physical constraints on the system’s operation) and its operating policies.  
Reservoirs are classified as either storage or run-of-the river reservoirs, according to the 
amount of active storage, and their mode of operation.  Run-of-the-river reservoirs have 
relatively small storage, and are rarely drawn down substantially.  They are usually 
operated either to produce hydropower, for re-regulation of upstream reservoir releases, 
and/or to provide navigation pools.  The releases from storage reservoirs are generally 
determined by reservoir storage and inflow at each time step, as well as external drivers 
such as flood control evacuation requirements, energy or streamflow targets, or water 
supply demands.  Once the required storage reservoir releases are uniquely determined, 
the effects to regulated streamflow, energy production, and other system performance 
metrics are straight forwardly determined by moving water progressively downstream 
through each project.  At monthly (and in some cases, weekly) time steps, routing 
calculations are typically not required.  The resulting storage in each reservoir changes 
according to reservoir inflow, evaporation, diversions and returns associated water 
supply, and releases from the project.  Run-of-river reservoirs usually assume (except at 
very short time steps) that releases are equal to inflows. Flows at river checkpoints are 
simply the upstream releases from dams plus any inflows from intervening tributaries.  
The reliability of various system objectives may be straight-forwardly calculated and 
reported by the model to assess the effects to system objectives associated with flow 
variability and operating system design. 
 
A number of models of this type have been constructed using the High Performance 
Systems Inc. simulation package STELLA (e.g.,  Hamlet and Lettenmaier, 1999).  
Another simulation package, EXTEND, from Imagine That Software has also been used 
effectively for experiments of this type, and may have some advantages in terms of 
automated linking of the reservoir model to the VIC hydrology model via text files. 
 
We intend to construct a "MekongSim" water management model as a monthly time step 
research tool simulating the major features of the Mekong basin under current and future 
operating policies.  The model will be driven either by observed naturalized flow (e.g. for 
validation purposes), or simulated natural flow from the 1/8 degree resolution VIC 
model.  The MekongiSim model will explicitly simulate releases from the storage 
reservoirs. Water for irrigation will be withdrawn from the appropriate reach or reservoir 
and added to the grid cell as throughfall.  The default reach or reservoir for withdrawal 
will be the nearest upstream segment, since most irrigation schemes are gravity operated.  
The amount of water withdrawn will be a function of crop water requirements and water 
availability. To simulate reservoir operation, assumptions will be made concerning the 
operation rules, depending on the main purpose of the reservoir, that is, irrigation, hydro-
electricity, or flood control.  These default operating rules can be replaced by actual 
operating rules if available. 
  
3.3. The Water Chemistry/Water Quality Module 

 
Water “quality,” both in freshwaters and the immediate near-shore marine environments, 
is a very crucial problem. Consequences include impacts on fisheries, human health, and 



 15

the cost of water supply.  The primary pollution issues include general organic matter 
(municipal food wastes, organic by products), and nutrients (nitrogen and phosphorus 
from fertilizers and waste processing), and specific contaminants (toxic chemicals and 
pathogens as industrial by products).  
 
But development of water chemistry models is much more problematic than spatial and 
hydrological models. Large-scale models of chemical flux typically use a multiple 
regression approach of aggregate basin attributes and measured fluxes (e.g., Ludwig et al 
1996). Such models are intrinsically not based on actual processes, and may be less 
sensitive to capturing regional differences or changes. A more robust approach is to work   
towards a more cell-based deterministic approach.   

  
For example, Richey et al (in review) developed a simple two step model coupling the 
concentrations of dissolved organic carbon (DOC) in two soil layers to a hydrology 
model  (Fig. 12). First, as water entering the river channel has passed through the soil 
column, an initial DOC concentration corresponding to the upper soil layer (O-Horizon) 
is assigned based on the land cover of a gridcell. The concentration reflects the potential 
for DOC production by that land cover e.g. wetland areas will have higher DOC 
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Fig. 12. Schematic of pixel-based water chemistry model (for dissolved organic carbon, DOC)
predicting river DOC concentrations on the basis of pixel attributes (Richey et al. in review).
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where data are available.
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concentration than areas covered by bare rock. Second, the DOC concentration is 
decreased based on the soil texture within the gridcell. The removal of DOC in the soil 
column is simulated by removing a percentage based on the fineness /coarseness of the 
soil texture. The result is a DOC concentration for each gridcell in the basin. The DOC 
concentration assigned to the gridcell is multiplied by the runoff to generate the DOC 
flux.   The individual gridcell fluxes were summed up over the river basin for the total 
basin DOC flux.  Given the assumptions, the observed DOC correspond well with the 
model predicted DOC. To apply this construct to pollutants derived from human 
activities we intend to derive functional relationships between the data layers of 
population attributes and the chemical loading that would be expected. 
 

 
5.0 FUTURE DIRECTIONS FOR REGIONAL-SCALE MODELS   

    
SEA-BASINS was developed to be responsive to three primary issues in coupling 
regional models to resource applications in the region: 
 
• Need 1. Tools for systematic synthesis of information leading to a coherent 

information base that can be applied to regional evaluation. There is a large amount 
of data in the region, but little in the way of synthesis, tools to bring it together. As an 
end product, building a scaled modeling environment that addresses cumulative 
effects is necessary. Meeting this need requires that there be a systematic 
identification of what information is needed, then where is it and how it must be 
brought together.   

 
• Need 2.   Predicative capability and scenario generation across (multiple time and 

space scales). While critical, synthesized information alone is not sufficient. The 
capability to then use that information to evaluate resource and policy options is 
critical. This must be done with models, and should include economic values, 
benefit/cost ratios for managers at levels of evaluating specific actions. For example, 
the Mekong River Commission has a very strong requirement for a robust drainage 
basin development plan (including land use control and population density).  

 
• Need 3. Process for communication among regional scientists, especially 

interdisciplinary, and proactive between scientist and policy; including visualization. 
To bring together the multiple sources of information required, to analyze it with 
models, and ultimately convey to not only other scientists but to policy makers, is not 
a trivial nor commonplace task. It requires an explicit commitment to the process of 
communication and display. Solutions involve building capacity of interdisciplinary 
scientists (including recruiting young scientists trained in the tools of synthesis), 
developing for a for communications, and targeting how to involve policy makers. 
Technical issues of information communication and visualization must be 
incorporated in the process.   

 
The ultimate goal of SEA/BASINS is to have the model routinely run by agencies at 
different levels in Southeast Asia dealing with problems such as water resource 



 17

management, inland and coastal water quality, public health, coastal living resource, 
coastal zone management, disaster warning, tourism and other recreational uses, and local 
administration.  However, before the model can be routinely used as a decision support 
tool, it must be carefully test and verified.  Different basins also have different 
characteristics and require different sets of calibrated coefficients and parameters.   
 
Our overall perspective is that of all the environmental security issues facing nations, an 
adequate supply of clean water is of paramount importance. 
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