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Abstract

Many research studies that focus on basin hydrology have used the SWAT model to
simulate runoff. One common practice in calibrating the SWAT model is the application
of station data rainfall to simulate runoff. But over regions lacking robust station data,
there is a problem of applying the model to study the hydrological responses. For some5

countries and remote areas, the rainfall data availability might be a constraint due to
many different reasons such as lacking of technology, war time and financial limitation
that lead to difficulty in constructing the runoff data. To overcome such a limitation, this
research study uses some of the available globally gridded high resolution precipitation
datasets to simulate runoff. Five popular gridded observation precipitation datasets:10

(1) Asian Precipitation Highly Resolved Observational Data Integration Towards the
Evaluation of Water Resources (APHRODITE), (2) Tropical Rainfall Measuring Mission
(TRMM), (3) Precipitation Estimation from Remote Sensing Information using Artificial
Neural Network (PERSIANN), (4) Global Precipitation Climatology Project (GPCP), (5)
modified Global Historical Climatology Network version 2 (GHCN2) and one reanalysis15

dataset National Centers for Environment Prediction/National Center for Atmospheric
Research (NCEP/NCAR) are used to simulate runoff over the Dakbla River (a small
tributary of the Mekong River) in Vietnam. Wherever possible, available station data
are also used for comparison. Bilinear interpolation of these gridded datasets is used to
input the precipitation data at the closest grid points to the station locations. Sensitivity20

Analysis and Auto-calibration are performed for the SWAT model. The Nash-Sutcliffe
Efficiency (NSE) and Coefficient of Determination (R2) indices are used to benchmark
the model performance. This entails a good understanding of the response of the hy-
drological model to different datasets and a quantification of the uncertainties in these
datasets. Such a methodology is also useful for planning on Rainfall-runoff and even25

reservoir/river management both at rural and urban scales.
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1 Introduction

Rainfall runoff model is a typical hydrological modeling tool that determines the runoff
signal which leaves the watershed basin from the rainfall signal received by the basin.
Therefore, precipitation is the most important parameter in hydrological modeling. Soil
and Water Assessment Tool (SWAT) (Arnold et al., 1998), used for rainfall runoff mod-5

elling in this study, was developed to quantify the runoff and concentration load due to
the distributed precipitation and other meteorological data based on watershed topog-
raphy, soil and land use condition. A number of research studies that focus on basin
hydrology have used the SWAT model to simulate runoff (Easton et al., 2010; Ouessar
et al., 2009; Mengistu and Sorteberg, 2011; Pohlert et al., 2007; Cau and Paniconi,10

2007; Stehr et al., 2010).
Many research institutes around the world have developed gridded observation pre-

cipitation data for global and regional domains under different temporal and spatial
resolutions. Some of them such as the CRU (Climatic Research Unit, from Univer-
sity of East Anglia, UK) and UDEL (University of Delaware precipitation dataset) are15

constructed based on the ground truth data for the world domain with grid size of 0.5◦

(∼ 50 km) in monthly intervals. Some other datasets, mostly satellite based such as
TRMM (Tropical Rainfall Measuring Mission), a joint endeavor between NASA (Na-
tional Aeronautic and Space Administration) and JAXA (Japan Aerospace Exploration
Agency), PERSIANN (Precipitation Estimation from Remotely Sensed Information us-20

ing Artificial Neural Networks) from the Center for Hydrometeorology and Remote
Sensing, University of California, Irvine, USA, GPCP (Global Climatology Precipita-
tion Product) from NASA, provide data in daily and sub-daily scales at resolutions be-
tween 0.25◦ to 1◦ which are ideal for rainfall runoff modeling. Few datasets such as the
APHRODITE (Asian Precipitation Highly Resolved Observational Data Integration To-25

wards Evaluation of water resources), developed by JAXA and GHCN2 (a modified ver-
sion of the Global Historical Climatology Network) from University of Washington, USA,
provide a daily time series of rainfall data from many ground truth data collected from

10681

http://www.hydrol-earth-syst-sci-discuss.net
http://www.hydrol-earth-syst-sci-discuss.net/8/10679/2011/hessd-8-10679-2011-print.pdf
http://www.hydrol-earth-syst-sci-discuss.net/8/10679/2011/hessd-8-10679-2011-discussion.html
http://creativecommons.org/licenses/by/3.0/


HESSD
8, 10679–10705, 2011

Simulating runoff
using gridded rainfall

over Vietnam river
basin

M. T. Vu et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

different sources. The reanalysis data such as NCEP/NCAR (National Centers for En-
vironmental Prediction / National Center for Atmospheric Research) and ECMWF (Eu-
ropean Centre for Medium Range Weather Forecasting) European Reanalysis ERA40
provide data at daily and sub-daily scales, although at relatively coarser spatial reso-
lutions of about 2.5◦. Detailed descriptions of these above datasets are provided later5

in this paper. This indicates there are still huge uncertainties amongst available ob-
servational data and comprehensive datasets at high spatial and temporal resolution
need to be developed for the use by the scientific community. This paper uses the
daily rainfall products of the APHRODITE, TRMM, GPCP, PERSIANN, GHCN2 and
the NCEP/NCAR reanalysis datasets for use in the SWAT model. The SWAT model10

takes as input, measured rainfall data from gauged stations and then uses a rainfall
distribution code (skewed distribution or mixed exponential distribution) to generate
precipitation values all over a catchment (Neitsch et al., 2004). Hence, an interpola-
tion method is required to compute the station data (at a particular grid point) from the
gridded observation data. Amongst different interpolation methods, piecewise constant15

interpolation, linear interpolation, polynomial interpolation and spline interpolation, the
linear interpolation method is usually suggested because of its simplicity and conve-
nience. The bilinear interpolation method is an extension of the linear interpolation for
interpolating functions of two variables on a regular grid and hence we use bilinear
interpolation method to extract precipitation value for station data, at a grid point.20

A 11 yr daily precipitation dataset from 1995–2005 for 3 different rainfall stations are
used for Dakbla River basin in Vietnam, in which the calibration used the later period
2000–2005 with 2000 as the warm up year and the validation used 1995–2000 with
1995 as the warm up year. The SWAT built in Sensitivity analysis and Auto calibra-
tion using ParaSol method (Parameter Solution) is also applied. The Nash-Sutcliffe25

Efficiency (NSE) (Nash and Sutcliffe, 1970) and the Coefficient of Determination R2

(Krause et al., 2005) are used as the benchmarking indices for the simulated runoff.
After calibration, the gridded data are bi-linearly interpolated to the 3 rainfall stations
considered in this study and are applied to the model using calibrated parameters to
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generate runoff.
The aim of this paper is to test the suitability of the application of gridded observa-

tional precipitation datasets to generate runoff over the study region, especially when
station data are not available. This has implications for climate change studies also
when climate model inputs will be available for runoff modeling. In doing so, the climate5

model derived rainfall estimates need to compared to station data, in whose absence,
those results need to be compared to the globally available gridded data products. This
will help in the application of gridded precipitation data in climate change studies where
regional climate modeling will be applied to quantify the change in future runoff under
different climate change scenarios.10

2 Study region, model and data

2.1 Study catchment

The Dakbla River catchment lies in the central highland of Vietnam and the Dakbla
River is a tributary of the Mekong River. Its total area is 2560 km2 and the river length
is about 80 km. There are 3 rainfall stations Konplong, Kontum, Dakdoa inside and15

outside of the catchment (Fig. 1). There is a gauging discharge station at Kontum that
measures the runoff at the downstream end of the river. The watershed is covered
mostly by tropical forests which are classified as: tropical evergreen forest, young for-
est, mixed forest, planned forest and shrub. The local economy is based heavily on
rubber and coffee plantations on typical red basalt soil (Fig. 2). Besides, agricultural20

production also acts as an important contributor to the local economy. Therefore, pre-
dicting rainfall runoff becomes extremely important. The climate of this region follows
the pattern of central highland in Asia with an annual average temperature of about
20–25◦ and total annual average rainfall of about 1500–3000 mm with high evapotran-
spiration rate of about 1000–1500 mm per annum. The southwest monsoon season25

(May to September) brings more rain to this region.
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2.2 Model

SWAT is a river basin scale model, developed by the United States Department of Agri-
culture (USDA) – Agriculture Research Service (ARS) in early 1990s. It is designated
to work for a large river basin over a long period of time. Its purpose is to quantify
the impact of land management practices on water, sediment and agriculture chemi-5

cal yields with varying soil, land use and management condition. SWAT version 2005
with ArcGIS user interface is used in this paper. There are two methods for estimating
surface runoff in SWAT model: Green & Ampt infiltration method (Green and Ampt,
1911) and the Soil Conservation Service (SCS) curve number procedure (USDA Soil
Conservation Service, 1972) in which the latter was selected in model simulation. Re-10

tention parameter is very important in SCS method and it is defined by Curve Number
(CN) which is a sensitive function of the soil’s permeability, land use and antecedent
soil water conditions. Potential evapotranspiration (PET) may be defined as the evapo-
transpiration from a large vegetation covered land surface with adequate moisture at all
times. SWAT model offers three options for estimating PET: Hargreaves (Hargreaves15

et al., 1985), Priestley-Taylor (Priestley and Taylor, 1972) and Penman-Monteith (Mon-
teith, 1965). It depends on the amount of required inputs that each model is preferred.
While Hargreaves method requires only maximum, minimum and average air temper-
ature, the Priestley-Taylor method needs solar radiation, air temperature and relative
humidity and the inputs for Penman-Monteith method are the same as Priestley-Taylor,20

in addition requiring the wind speed. Due to limitations in the available meteorological
data, the Hargreaves method is applied in this study. In the SWAT model, the land area
in a sub-basin is divided into what are known as Hydrological Response Units (HRUs).
In other words, a HRU is the smallest portion that combines different land use and soil
type by overlaying their spatial map. All processes such as surface runoff, PET, lateral25

flow, percolation, soil erosion, nitrogen and phosphorous are carried out for each HRU
(Arnold and Fohrer, 2005).
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In this study, SWAT input requires spatial data like DEM (Digital Elevation Model),
land use and soil map. The DEM of 250 m was obtained from the Department of
Survey and Mapping (DSM), Vietnam. Land use map, version 2005, was taken from
the Forest Investigation and Planning Institute (FIPI) of Vietnam. Soil map was imple-
mented by the Ministry of Agriculture and Rural Development (MARD) based on the5

FAO (Food and Agriculture Organization) category. Precipitation data in daily format
was used from 1995–2005 from 3 stations catchment for both calibration and validation
processes (Figs. 1 and 2). Daily maximum and minimum temperatures were obtained
from the local authority from the Kontum meteorological station. The average daily
temperature was calculated from the daily maximum and minimum temperatures.10

2.3 Gridded observation and reanalysis data

The different observational data that were used in this study are described. The inter-
polation method that was used to ascertain rainfall values closer to the chosen stations
is also described.

2.3.1 APHRODITE15

A daily gridded precipitation dataset for 1951–2007 was created by collecting rain
gauge observation data across Asia through the activities of the Asian Precipitation
Highly Resolved Observational Data Integration Towards the Evaluation of Water Re-
sources project. The basic algorithm that has been adopted is presented in Xie et
al. (2007), along with details on the overall methodology in developing this prod-20

uct. However, it is important to notice that the gridded precipitation values from the
APHRODITE project is available only for all land area covering Monsoon Asia, Middle
East and Russia and not available for oceanic areas. Version V1003R1 with spatial
resolution of 0.25◦ for the Monsoon Asia region is used in this paper. More information
can be found in Yatagai et al. (2009).25
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2.3.2 TRMM

The Tropical Rainfall Measuring Mission aims to monitor tropical and subtropical pre-
cipitation and to estimate its associated latent heating (GES DISC, 2010). The daily
product TRMM 3B42 was used in this study. The purpose of the 3B42 algorithm is
to produce TRMM-adjusted merged-infrared (IR) precipitation and root-mean-square5

(RMS) precipitation-error estimates. The version 3B42 has a 3-hourly temporal reso-
lution and a 0.25◦ by 0.25◦ spatial resolution. The spatial coverage extends from 50◦ S
to 50◦ N and 0◦ to 360◦ E. The daily accumulated rainfall product was derived from this
3-hourly product.

2.3.3 PERSIANN10

PERSIANN algorithm provides global precipitation estimation using combined geosta-
tionary and low orbital satellite imagery. Although other sources of precipitation ob-
servation, such as ground based radar and gauge observations, are potential sources
for the adjustment of model parameters, they are not included in the current PER-
SIANN product generation. The evaluation of the PERSIANN product using gauge and15

radar measurements is ongoing to ensure the quality of generated rainfall data. PER-
SIANN generates near-global (50◦ S–50◦ N) product at a 0.25◦ spatial resolution having
3 hourly temporal resolutions (Wheater, 2007). The daily data used in this study is ag-
gregated from this 3 hourly dataset.

2.3.4 GPCP20

The GPCP version 1DD V1.1 is computed by the GPCP Global Merge Develop-
ment Centre, at the NASA/GSFC (Goddard Space Flight Center) Laboratory for At-
mospheres. It uses the “best” quasi-global observational estimators of underlying
statistics to adjust quasi-global observational datasets that have desirable time/space
coverage. Compared to its previous model, version 2.1 (2.5◦×2.5◦), the 1DD V1.125
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has undergone extensive development work which include diurnally varying calibra-
tions, extension back in time, additional sensors, direct use of microwave estimates
and refined combination approaches. The current dataset extends from October 1996
to present day with a grid size 1◦×1◦ longitude-latitude. More information about this
dataset can be found in Huffman et al. (2001).5

2.3.5 GHCN2

This is the modified version 2 of Global Historical Climatology Network and has been
documented in detail by Adam and Lettenmaier (2003). For simplicity, we call it GHCN2
in this paper. It includes precipitation, air temperature and wind speed data and is de-
veloped from Department of Civil and Environmental Engineering, University of Wash-10

ington. The precipitation dataset is based on gauge based measurement and is avail-
able on land only. Daily precipitation data from 1950 to 2008 with spatial resolution of
0.5◦×0.5◦ was used in this study.

2.3.6 NCEP reanalysis

The National Centers for Environmental Prediction (NCEP) and National Center for15

Atmospheric Research (NCAR) have developed a 40-yr record of global re-analyses
(Kalnay et al., 1996) of atmospheric fields in support of the needs of the research and
climate monitoring communities. The NCEP/NCAR re-analyses provide information at
a horizontal resolution of T62 (∼ 209 km) with 28 vertical levels. This dataset has now
been extended from 1948 onwards and is available until date. Most of the variables are20

available at a resolution of 2.5◦×3.75◦ on a regular latitude and longitude grid.
Table 1 shows the different datasets used in this study.
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3 Sensitivity analysis, calibration and validation

Sensitivity analysis is a method to analyse the sensitivity of model parameters to model
output performance. In SWAT, there are 26 parameters sensitive to water flow, 6 pa-
rameters sensitive to sediment transport and other 9 parameters sensitive to water
quality. The sensitivity analysis method coupled in SWAT model uses Latin Hypercube5

One-factor-At-a-Time method (LH-OAT). This method combines the robustness of the
Latin Hypercube (McKay et al., 1979; McKay, 1988) sampling that ensures that the
full range of all parameters has been sampled with the precision of an OAT design
(Morris, 1991) assuring that the changes in the output in each model run can be unam-
biguously attributed to the parameter that was changed (Van Griensven et al., 2006).10

The first 2 columns of Table 2 show the order of 11 parameters which are sensitive to
model output. Auto-calibration using ParaSol is applied to those most sensitive param-
eters to find the appropriate range of parameters that yield the best result compared to
observed discharge data at the gauging station. ParaSol is an optimization and a sta-
tistical method for the assessment of parameter uncertainty and it can be classified as15

being global, efficient and being able to deal with multiple objectives (Van Griensven
and Meixner, 2006). This optimization method uses the Shuffled Complex Evolution
method (SCE-UA) which is a global search algorithm for the minimization of a single
function for up to 16 parameters (Duan et al., 1992). It combines the direct search
method of the simplex procedure with the concept of a controlled random search of20

Nelder and Mead (1965). The sum of the squares of the residuals (SSQ) is used as
an objective function aiming at estimating the matching of a simulated series to a mea-
sured time series.

The SWAT model was run in a daily scale. The calibration period was done for
the years 2000–2005 with the first year as the warm up period and the validation us-25

ing 1995–2000 period. Model sensitivity analysis was applied for the runoff parame-
ters and the auto-calibration was done using ParaSol method for 11 parameters that
have the highest ranking in the sensitivity analysis part (Table 2). The Nash Sutcliffe
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Efficiency (NSE) and coefficient of determination (R2) are used as comparing indices
for the observed and simulated discharges from the SWAT model using different grid-
ded precipitation. R2 is the square of correlation coefficient (CC) and the NSE is cal-
culated from Eq. (1) shown below. The NSE shows the skill of the estimates relative to
a reference and it varies from negative infinity to 1 (perfect match). The NSE is con-5

sidered to be the most appropriate relative error or goodness-of-fit measures available
owing to its straightforward physical interpretation (Legates and McCabe, 1999).

NSE=1−

n∑
i=1

[
(oi −si )

2
]

n∑
i=1

[
(oi − ō)2

] (1)

where oi and si are observed and simulated discharge dataset, respectively.
The NSE and R2 for calibration and validation part are shown in Fig. 3. The indices,10

NSE and R2, for the calibration phase were 0.68 and 0.71, respectively, showing that
the SWAT model was able to generate a reasonably good rainfall runoff process. The
validation phase has lower values of indices compared to calibration with NSE and
R2 indices at 0.43 and 0.47, respectively. This could be attributed to the errors in the
precipitation data, either instrumental or recorded at these rainfall stations.15

The next section describes the application of the gridded precipitation data to SWAT
runoff for the 2001–2005 period only.

4 Application to runoff over Dakbla River basin using different gridded
observation dataset

The 6 different observed datasets were bi-linearly interpolated to the 3 rainfall stations20

for the study period of 2001–2005. Some analyses have been carried out to compare
those observation gridded datasets with station data. Figure 4 displays the annual
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daily average annual precipitation cycle and the statistical box plots for the 6 gridded
observation datasets compared against observed station data. The annual cycle, as
seen from the figure, is very useful to evaluate the seasons through the year. It is
normally estimated from observational data or model output by taking the average of
each month for a given number of years. This is a useful way of comparing the model5

and observations and is being used in many studies to compare data and trends (Silv-
ina et al., 2007; Peter et al., 2009). It is clearly seen from the pattern of precipitation
annual cycle over these 3 rainfall stations that the observed data in black line shows
the southwest monsoon season (from May to September) brings more rain to this re-
gion with a peak of rainfall in August. APHRODITE (blue) and PERSIANN (red) follow10

closely with observed pattern. GPCP (cyan) is slightly lagged in mimicking the peak
of the rainfall. The TRMM (green) and GHCN2 (magenta) data is not as good when
compared to the other 3 datasets. The NCEP/NCAR reanalysis data (yellow) performs
poorly, probably due to its coarse spatial resolution. The box plot is an efficient statis-
tical method for displaying a five-number data summary: median, upper quartile (75th15

percentile), lower quartile (25th percentile), minimum and maximum value. The range
of the middle two quartiles is called an inter-quartile range represented by a rectangle
and if the median line in the box is not equidistant from the hinges then data is sup-
posed to be skewed. The average monthly for 5 yr period precipitation box plots over 3
rainfall stations for 6 datasets are plotted in Fig. 4. Looking at the inter-quartile range of20

the gridded datasets compared to the station data, the APHRODITE and GPCP have
the same range at the 3 stations while PERSIANN, TRMM and GHCN2 are slightly
narrower with NCEP having the lowest range amongst them all and these showcase
the uncertainties among them.

Overall, the following statistics were applied to evaluate the gridded datasets with25

reference to the station data: linear correlation coefficient (CC), mean error (ME), mean
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absolute error (MAE) and bias as shown in their respective equations below:

CC =

n∑
i=1

[(xi − x̄)(yi − ȳ)]√
n∑

i=1

[
(xi − x̄)2

] n∑
i=1

[
(yi − ȳ)2

] (2)

ME =
1
n

n∑
i=1

(xi −yi ) (3)

MAE =
1
n

n∑
i=1

|(xi −yi )| (4)

Bias =

n∑
i=1

xi

n∑
i=1

yi

(5)5

where x and y are gridded and local station dataset, respectively. The best value for
CC and bias are 1 (unit-less), ME and MAE are 0 (mm), for precipitation. It has been
suggested that MAE could be used instead of the Root Mean Square Error (RMSE)
to avoid the effects of large outliers (Legates and McCabe, 1999). The comparison
statistics for 3 rainfall stations on a daily scale over a 5 yr period 2001–2005 are shown10

in Table 3. In general, the CC of APHRODITE is the best for the 3 stations with value
above 0.65 followed by TRMM, GPCP and PERSIANN, in order. The GHCN2 and
NCEP/NCAR data nearly have no correlation showing a zero value of CC. The bias
for APHRODITE is very low (much closer to 1) for 3 stations while for GHCN2 is the
highest one. The ME for GHCN2 seemed to be the lowest one at Dakdoa and Kontum15

stations which are inside the study catchment despite of its very low CC and high
bias. In contrast the MAE of GHCN2 is the second highest after NCEP/NCAR (the
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coarse dataset). By observing the trends of 4 different statistics for 6 dataset, it is
proposed that the role of ME in comparing those dataset is negligible whilst CC, MAE
and bias show the same trend for these gridded data. Overall, this suggests that the
APHRODITE dataset proves to be the best source of all gridded observations amongst
all the ones considered in this study followed by TRMM, GPCP, PERSIANN, GHCN25

and NCEP, in that order.
The next step was to evaluate the performance of these different gridded products

when applied to generate runoff for study region with the aforementioned calibrated
parameters. These results are shown in daily and monthly scales from the daily simu-
lations for a 5 yr period from 2001–2005. The NSE and R2 indices for each dataset are10

displayed in Table 4. These results also show that the APHRODITE dataset performs
very well on the daily scale simulation of discharge when it has the closest NSE (0.54)
and R2 (0.55) indices when compared to the discharge simulation using station data
(0.68 and 0.71). The GPCP proved to be the next best dataset that was applied to the
runoff modeling, with NSE and R2 of 0.46 and 0.51, respectively. The PERSIANN and15

TRMM rainfall data driven runoff do not show good agreement compared to the station
data as both the NSE and R2 indices show a low value of 0.3. GHCN2 and NCEP do
not show good correlations.

On a monthly scale (Fig. 5), the GPCP (cyan) shows a very good match against the
station data. Its NSE and R2 value are about 0.8. The APHRODITE (blue) dataset20

shows good result with NSE and R2 above 0.70. The PERSIANN (red) dataset also
shows reasonable agreement whilst the TRMM (green) data, despite its high temporal
and spatial resolution, does not show a good match. The errors in satellite measure-
ments could possibly be a factor that skews the benchmarking indices but more work
is needed to determine as to why the TRMM dataset fares less well than the others.25

The NCEP/NCAR reanalysis (yellow) does not show a good agreement even at captur-
ing the stream flow patter, probably due its coarse resolution. The GHCN2 (magenta)
performs better compared to the NCEP/NCAR dataset but lags by two months for the
peak discharge. The varied results by using these datasets indicate that although the
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gauge based and satellite-gauge merged products use some ground truth data, the
different interpolation techniques and merging algorithms could also be a source of
uncertainties.

Overall, these results indicate that although some uncertainties exist amongst these
several datasets, the application of these gridded data prove useful for hydrological5

studies in the absence of station data and have implications for future studies to assess
hydrological responses, especially of that in a changing climate. The SWAT model also
proves to be a good tool in such a modeling approach.

5 Conclusions

The SWAT model was applied for a catchment in central highland of Vietnam. The first10

part of the paper focused on the sensitivity analysis and auto calibration which were
conducted for a 5 yr period from 2001–2005. The benchmarking indices prove that
SWAT is a good and reliable hydrological model to simulate the rainfall runoff process
for this catchment and that the gridded observational datasets can be a good substitute
for station data over regions where robust observed data are not available.15

A quantification of the application of different gridded observation and reanalysis
datasets was also done. Amongst the 6 different datasets used in this study, the
APHRODITE data shows its best match to station data in daily scale and the satel-
lite based GPCP 1DD data, despite its relatively coarser resolution proves that it is
a very good precipitation dataset under a monthly scale. The uncertainties that exist in20

the different observational datasets are being highlighted from this study. Although the
temporal and spatial resolution may be higher, the different sources of errors in these
datasets need further investigation and much more work is needed to that end. Nev-
ertheless, the usefulness and suitability of applying these gridded products has been
highlighted and it is promising that in areas where there is a paucity of station observa-25

tions, these gridded products can be used well for applications for rainfall runoff mod-
elling. Further work is likely to use regional climate model outputs under a changing
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climate to study rainfall runoff with these gridded observations serving as the bench-
mark to quantify climate model simulated rainfall.

References

Adam, J. C. and Lettenmaier, D. P.: Adjustment of global gridded precipitation for systematic
bias, J. Geophys. Res., 108, 1–14, 2003.5

Aleksey, S., Kyle, D. M., and Prasad D.: Evaluating the effectivness of Unconfined livestock
BMPs using SWAT. 2009 International SWAT Conference Proceedings, Boulder, Colorado,
USA, 204–211, 2009.

Arnold, J. G. and Fohrer, N.: SWAT2000: current capabilities and research opportunities in
applied watershed modeling, Hydrol. Process., 19, 563–572, doi:10.1002/hyp.5611, 2005.10

Arnold, J. G., Srinivasan, R., Muttiah, R. S., and Williams, J. R.: Large area hydrologic modeling
and assessment, part I: Model development, J. Am. Water Resour. Assoc., 34(11), 73–89,
1998.

Cau, P. and Paniconi, C.: Assessment of alternative land management practices using hydro-
logical simulation and a decision support tool: Arborea agricultural region, Sardinia, Hydrol.15

Earth Syst. Sci., 11, 1811–1823, doi:10.5194/hess-11-1811-2007, 2007.
Duan, Q., Sorooshian, S., and Gupta, V.: Effective and efficient global optimization for concep-

tual rainfall-runoff models, Water Resour. Res., 28, 1015–1031, 1992.
Easton, Z. M., Fuka, D. R., White, E. D., Collick, A. S., Biruk Ashagre, B., McCartney, M.,

Awulachew, S. B., Ahmed, A. A., and Steenhuis, T. S.: A multi basin SWAT model analysis of20

runoff and sedimentation in the Blue Nile, Ethiopia, Hydrol. Earth Syst. Sci., 14, 1827–1841,
doi:10.5194/hess-14-1827-2010, 2010.

GES DISC (Goddard Earth Sciences – Data and Information Services Centre), available at:
http://disc.gsfc.nasa.gov/precipitation/trmm intro.shtml, last access: 18 May, 2010.

Gewex: Global Precipitation Climatology Project (GPCP), available at: http://www.gewex.org/25

gpcp.html, last access: November 2011.
Green, W. H. and Ampt, G. A.: Studies on soil physics. J. Agr. Sci., 4, 11–24, 1911.
Hargreaves, G. L., Hargreaves, G. H., and Riley, J. P.: Agriculture benefits for Senegal River

basin, J. Irrig. Drain. E.-ASCE, 111, 2, 113–124, 1985.
Huffman, G. J., Adler, R. F., Morrissey, M., Bolvin, D. T., Curtis, S., Joyce, R., McGavock, B.,30

10694

http://www.hydrol-earth-syst-sci-discuss.net
http://www.hydrol-earth-syst-sci-discuss.net/8/10679/2011/hessd-8-10679-2011-print.pdf
http://www.hydrol-earth-syst-sci-discuss.net/8/10679/2011/hessd-8-10679-2011-discussion.html
http://creativecommons.org/licenses/by/3.0/
http://dx.doi.org/10.1002/hyp.5611
http://dx.doi.org/10.5194/hess-11-1811-2007
http://dx.doi.org/10.5194/hess-14-1827-2010
http://disc.gsfc.nasa.gov/precipitation/trmm_intro.shtml
http://www.gewex.org/gpcp.html
http://www.gewex.org/gpcp.html
http://www.gewex.org/gpcp.html


HESSD
8, 10679–10705, 2011

Simulating runoff
using gridded rainfall

over Vietnam river
basin

M. T. Vu et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

and Susskind, J.: Global precipitation at one-degree daily resolution from multi-satellite ob-
servations, J. Hydrometeorol., 2, 36–50, 2001.

Kalnay E., Kanamitsu M., Kistler R., Collins W., Deaven D., Gandin L., M. Iredell, Saha S., White
G., Woollen J., Zhu Y., Leetmaa A. and Reynolds R.: The NCEP/NCAR 40-Year Reanalysis
Project, Bull.Amer. Meteor. Soc., 77, 437-471, 1996.5

Krause, P., Boyle, D. P., and Bse, F.: Comparison of different efficiency criteria for hydrological
model assessment, Adv. Geosci., 5, 89–97, doi:10.5194/adgeo-5-89-2005, 2005.

Legates, D. R. and McCabe, G. J.: Evaluating the use of “goodness-of-fit” measures in hydro-
logic and hydroclimatic model validation, Water Resour. Res., 35, 233–241, 1999

McKay M. D.: Sensitivity and Uncertainty Analysis Using a Statistical Sample of Input Values,10

in: Uncertainty Analysis, edited by: Ronen Y., CRC Press, Boca Raton, Florida, 145–186,
1988.

McKay, M. D., Beckman, R. J., and Conover, W. J.: A comparison of three methods for selecting
values of input variables in the analysis of output from a computer code. Technometrics,
21(2), 239–245, 1979.15

Mengistu, D. T. and Sorteberg, A.: Validation of SWAT simulated streamflow in the Eastern
Nile and sensitivity to climate change, Hydrol. Earth Syst. Sci. Discuss., 8, 9005–9062,
doi:10.5194/hessd-8-9005-2011, 2011.

Monteith, J. L.: Evaporation and the environment. Symposia of the Society for Experiemental
Biology, Cambridge Univ. Press, London, 205–234, 1965.20

Morris, M. D.: Factorial sampling plans for preliminary computation experiements, Technomet-
rics, 33, 161–174, 1991.

Nash, J. E. and Sutcliffe, J. V.: River flow forecasting through conceptual models, Part 1 –
a discussion of principles, J. Hydrol., 10(3), 282–290, 1970.

Neitsch, S. L., Arnold, J. G., Kiniry, J. R., Srinivasan, R., and Williams, J. R.: Soil and Water25

Assessment Tool input/output file documentation, version 2005. Grassland, Soil and Wa-
ter Research Laboratory, Agriculture Research Service, Blackland Research Center, Texas
AgriLife Research, Texas Water Resources Institute, Texas A & M University System, College
Station, Texas, September, 2004.

Nelder, J. A. and Mead, R.: A simplex method for function minimization, Comput. J., 7(4),30

308–313, 1965.
Ouessar, M., Bruggeman, A., Abdelli, F., Mohtar, R. H., Gabriels, D., and Cornelis, W. M.:

Modelling water-harvesting systems in the arid south of Tunisia using SWAT, Hydrol. Earth

10695

http://www.hydrol-earth-syst-sci-discuss.net
http://www.hydrol-earth-syst-sci-discuss.net/8/10679/2011/hessd-8-10679-2011-print.pdf
http://www.hydrol-earth-syst-sci-discuss.net/8/10679/2011/hessd-8-10679-2011-discussion.html
http://creativecommons.org/licenses/by/3.0/
http://dx.doi.org/10.5194/adgeo-5-89-2005
http://dx.doi.org/10.5194/hessd-8-9005-2011


HESSD
8, 10679–10705, 2011

Simulating runoff
using gridded rainfall

over Vietnam river
basin

M. T. Vu et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

Syst. Sci., 13, 2003–2021, doi:10.5194/hess-13-2003-2009, 2009.
Peter, C., Chin, H.-N. S., Bader, D. C., and Bala, G.: Evaluation of a WRF dynamical down-

scaling simulation over California, Climatic Change, 95, 499–521, doi:10.1007/s10584-009-
9583-5, 2009.

Pohlert, T., Breuer, L., Huisman, J. A., and Frede, H.-G.: Assessing the model performance of5

an integrated hydrological and biogeochemical model for discharge and nitrate load predic-
tions, Hydrol. Earth Syst. Sci., 11, 997–1011, doi:10.5194/hess-11-997-2007, 2007.

Priestley, C. H. B. and Taylor, R. J.: On the assessment of surface heat flux and evaporation
using large scale parameters, Mon. Weather Rev., 100, 81–92, 1972.

Raghavan, V. S., Vu, M. T., Liong, S.-Y., Reggiani, P., and Verwey, A.: Investigating uncertainties10

in rainfall observations over Southeast Asia EGU General Assembly, Vienna, Austria, 2010.
USDA Soil Engineering Handbook, Section 4: Hydrology, Washington DC, USA, 1972.
Tukey, W. J.: Exploratory Data Analysis, Addison-Wesley, Reading, 1977.
Van Griensven, A. and Meixner, T.: Methods to quantify and identify the sources of uncertainty

for river basin water quality models, Water Sci. Technol., 53(1), 51–59, 2006.15

Van Griensven, A., Meixner, T., Grunwald, S., Bishop, T., and Srinivasan, R.: A global sensitivity
analysis method for the parameters of multi-variable catchment model, J. Hydrol., 324, 10–
23, 2006.

Wheater H., Sorooshian S. and Sharma, K. D: Hydrological Modelling in Arid and Semi-Arid
Areas, International Hydrology Series, Cambridge University Press, p. 21, 2007.20

Xie, P. P., Yatagai, A., Chen, M. Y., Hayasaka, T., Fukushima, Y., Liu, C. M., and Yang, S.:
A gauge-based analysis of daily precipitation over East Asia, J. Hydrometeorol., 8, 607–626,
doi:10.1175/jhm583.1, 2007.

Yatagai A., O. Arakawa, K., Kamiguchi, H. Kawamoto, Nodzu M. I., and Hamada A.: A 44-year
daily gridded precipitation dataset for Asia based on a dense network of rain gauges. SOLA,25

5, 137–140, 2009.

10696

http://www.hydrol-earth-syst-sci-discuss.net
http://www.hydrol-earth-syst-sci-discuss.net/8/10679/2011/hessd-8-10679-2011-print.pdf
http://www.hydrol-earth-syst-sci-discuss.net/8/10679/2011/hessd-8-10679-2011-discussion.html
http://creativecommons.org/licenses/by/3.0/
http://dx.doi.org/10.5194/hess-13-2003-2009
http://dx.doi.org/10.1007/s10584-009-9583-5
http://dx.doi.org/10.1007/s10584-009-9583-5
http://dx.doi.org/10.1007/s10584-009-9583-5
http://dx.doi.org/10.5194/hess-11-997-2007
http://dx.doi.org/10.1175/jhm583.1


HESSD
8, 10679–10705, 2011

Simulating runoff
using gridded rainfall

over Vietnam river
basin

M. T. Vu et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

Table 1. Gridded observations and Reanalysis datasets used in the study.

DATASET Period Resolution (◦) Temporal Region

APHRODITE 1951–2007 0.25 daily Monsoon Asia
TRMM 1998–present 0.25 3 hourly Near Global
PERSIANN 2000–present 0.25 3 hourly Near Global
GPCP 1997–present 1.00 daily Global
GHCN2 1950–2008 0.5 daily Near Global
NCEP 1957–2003 2.50 daily Global
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Table 2. Sensitivity analysis rank.

Sensitivity analysis order Parameter Description Parameter range

1 Alpha Bf Baseflow recession constant 0∼1
2 Cn2 Moisture condition II curve no 35∼98
3 Ch N2 Manning n value for the main channel −0.01∼0.3
4 Ch K2 Effective hydraulic conductivity in main channel −0.01∼500
5 Sol K Saturated hydraulic conductivity 0∼2000
6 Sol Awc Available water capacity 0∼1
7 Surlag Surface runoff lag coefficient 1∼24
8 Esco Soil evaporation compensation factor 0∼1
9 Gwqmn Threshold water level in shallow aquifer for base flow 0∼5000
10 Gw Revap Revap coefficient 0.02∼0.2
11 Gw Delay Delay time for aquifer recharge 0∼500
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Table 3. Comparison statistics of gridded data with reference to local station for daily value
over 5 yr period 2001–2005.

Dakdoa

Statistic APHRODITE TRMM PERSIANN GPCP GHCN2 NCEP
CC 0.67 0.32 0.24 0.31 0.04 –0.02
ME –0.22 –0.99 –0.61 0.18 0.09 0.30
MAE 3.96 5.63 6.29 6.19 7.67 8.25
Bias 0.96 0.41 0.32 0.29 0.18 0.23

Konplong

Statistic APHRODITE TRMM PERSIANN GPCP GHCN2 NCEP
CC 0.66 0.46 0.34 0.41 0.03 –0.05
ME 0.33 0.27 0.29 1.16 0.75 0.57
MAE 3.87 5.20 5.73 6.00 7.39 7.67
Bias 1.08 0.51 0.34 0.30 0.18 0.21

Kontum

Statistic APHRODITE TRMM PERSIANN GPCP GHCN2 NCEP
CC 0.85 0.39 0.30 0.37 0.03 –0.02
ME –0.13 –0.86 –0.86 0.11 0.08 0.36
MAE 2.64 5.46 5.86 5.89 7.83 8.38
Bias 0.97 0.42 0.30 0.28 0.18 0.23
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Table 4. NSE and R2 indices for gridded observation and Reanalysis data applied to runoff
over Dakbla River.

Data Daily Monthly
NSE R2 NSE R2

Station 0.68 0.71 0.86 0.88
APHRODITE 0.54 0.55 0.70 0.72
TRMM 0.28 0.32 0.27 0.36
PERSIANN 0.30 0.34 0.50 0.54
GPCP 0.46 0.51 0.80 0.88
GHCN2 –0.06 0.13 0.15 0.28
NCEP –0.78 0.01 –1.13 0.01
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Fig. 1. Study region (a) the country Vietnam is shown within the Southeast Asia region, (b) the
location of the catchment in Vietnam, (c) the catchment area.
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Fig. 2. Land use and soil map of Dakbla River basin.
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Fig. 3. Calibration and validation using observed station rainfall for Dakbla River basin at
Kontum discharge gauging station.
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Fig. 4. Annual cycle and box plots for observed station and gridded observation precipitation
at three rainfall stations in study region, daily data from 2001–2005.
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Fig. 5. Application of station, gridded observations and Reanalysis data to stream flow dis-
charge over Dakbla River, monthly aggregated from daily data.
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