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Abstract: Predicting river flows in basins where limited data is available is a challenge facing many hydrologists es-
pecially in developing countries. In this study, the Pitman monthly model was applied to generate flows for the Lhasa
basin in China (Tibet). As flow data was unavailable for the Lhasa basin, the model was first calibrated for the upper
Koshi Basin in Nepal and China. The Pitman model successfully predicted flows for the upper Koshi basin (R* =0.88).
Therefore, the estimated model parameters from the Koshi basin as well as climate data from the Lhasa basin were
used to generate flows for the Lhasa basin outlet. The main modeling assumption is that the basin characteristics of
the upper Koshi are similar to that of the Lhasa basin. Under present circumstances, where measured data is unavail-
able, the model estimated monthly flows for the Lhasa basin can be used in further studies in basin water accounting
and management.
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Introduction
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The flow regime is recognized as a key factor in
determining biological and physical processes
and characteristics in rivers (Snelder et al
2005, Biggs 1996, Hildrew and Townsend
1987). Accurate estimates of stream flow and
the related hydrologic variables are also very
important for water resources planning and
management. However, measured flow data
that can be used to characterize flow regimes
are unavailable for many ungauged locations.
Predicting stream flow in ungauged basins
is a significant challenge facing hydrologists
especially working in developing countries.
The aim of this study is to generate river
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flows using the Pitman monthly rainfall-runoff
model for the Lhasa catchment in Tibet, China.
Although, there areriver gauging stationsin the
Lhasa catchment, records of river discharge are not
accessible. The Koshi basin in Nepal and China has
similar characteristics as the Lhasa catchment. (Figure
1 shows the location of the Lhasa and Koshi basins.)
Therefore, in order to generate discharge for the Lhasa
catchment, the Pitman model was first calibrated using
rainfall-runoff data from the Koshi Basin. The calibrated
model parameters from the Koshi basin as well as climate
data from the Lhasa basin were then used to generate
flows in Lhasa basin.

The simulated monthly discharge curves can be used
to understand rainfall-runoff responses in the study
catchments. Furthermore, the monthly flow volumes
can be used for water accounting and management by
comparing total water availability (simulated from the
model) to water use/demand from the different water use
sectors in the basin.
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Figure 1. The Koshi and Lhasa Basins, Highlighted Area in the Koshi Basin is the

Modeled Upper Sub-catchment where Agro-Ecology is Similar to Lhasa Basin.

Methodology

The SPATSIM (Spatial and Time Series Information
Modeling) software was used in this study. SPATSIM
was developed at the Institute for Water Research (IWR)
at Rhodes University, South Africa (IWR 2005). It is
an integrated data management and modeling software
package developed in Delphi using the spatial data
handling functions of Map Objects. SPATSIM includes
several external model and data analysis tools, one of
which is the Pitman Model.

The Pitman Model

The IWR semi-distributed version of the Pitman model
was applied in thisstudy. This model isa conceptual model
which runs on monthly values. Similar to many other
conceptual models, the Pitman (1973) model consists of
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storages linked by functions designed to represent the
main hydrological processes prevailing at the basin scale.
Compulsory data requirements for the rainfall-runoff
model include catchment area, a time series of catchment
average rainfall, a time series of potential evaporation,
or an annual value and monthly distributions. Optional
requirements include seasonal distributions of irrigation
water requirements and other water abstractions, as
well as time series of upstream inflow, transfer inflow
and downstream compensation flow requirements.
Figure 2 shows a flow diagram of the main components
of the SPATSIM version of the Pitman model. The list of
parameters for the rainfall-runoff and a brief description
is provided in Table 1. Further information regarding the
Pitman model and the SPATSIM software can be found
in Pitman (1976) and Hughes, Andersson and Savenije
(2006).
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Figure 2 : Flow Diagram of the main components of the SPATISM version of
the Pitman Model

Model setup in the Koshi basin

The Koshi basin lies in China (Tibet) and Nepal
and is characterized by high climatic and geographical
variability. The main assumption in this study is that
the basin characteristics of Koshi are similar to that of
the Lhasa catchment. Rainfall data from the southern
part of the Koshi basin was significantly higher than in
the northern or upper sub-catchment. It was assumed
that the upper sub-catchment of the Koshi basin (around
34,000 km?) is more similar to the Lhasa catchment
(34,396 km?). Therefore, as the calibrated parameters
from the Koshi basin were going to be used to generate
flows for the Lhasa basin, only the upper sub-catchments
of the Koshi, upstream of the flow station at Arun river
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Table 1. Pitman Model Parameters used for Modeling the
Lhasa and Koshi Basins

- Default

Parameter Model Parameter Description Value
RDF Rain Distribution Factor 1.2
Al Proportion of impervious area 2.2
Pl1s Summer intercept storage(Vegl) 15
Pliw Winter intercept storage(Vegl) 15
PI2s Summer intercept storage (Veg2) 4
PI2w Winter intercept storage (Veg2) 4
AFOR % Area of Veg2 15
FF Veg2/Vegl Pot. Evap. Ratio 1

Power of Veg recession curve 1
PEVAP Annual Pan Evaporation (mm) 700
ZMINs Summer min.abs.rate (mm/mth) 40
ZMINw Winter min.abs.rate (mm/mth) 5
ZAVE Mean abs. rate (mm/mth) 30
ZMAX Maximum abs.rate (mm/mth) 120
ST Maximum storage capacity 200
SL No runoff below storage 0
POW Power : storage-runoff curve 1.5
FT Runoff rate at ST (mm/mth) 30
GW Max. groundwater flow (mm/mth) 5
R Evaporation-storage coefficient 0.5
TL Surface runoff time lag (months) 15
GL Groundwater time lag (months) 2
AIRR Irrig. area (km”2) 0
IWR Irrig. return flow fraction 0
EFFECT Effective Rainfall fraction 0.5
Mi/year Non-Irrig. Direct Demand 0.75

Maximum dam storage (MI) 0

% Catchment area above dams 0

A'in area volume relationship 0

B in area volume relationship 0

Irrig. Area from Dams (km*2) 0

at Uwa Gaon, was modeled. A digital elevation model
(DEM) was used to delineate the sub-watersheds as well
as the drainage network. Figure 1 shows the upper sub-
catchment in the Koshi. Rainfall data from Phidim, Lazi,
Dingri, Num and Taplethok stations were interpolated
for the upper sub-catchment using the inverse distance
weighting procedure. The temporal time-frame for the
modeling exercise was from 1985-1995. Penman-Montieth
reference evapotranspiration rates were used based
on the World Water and Climate Atlas (IWMI 2000).
The irrigation fraction that comprises the main water
abstraction component was estimated based on personal
communication with scientists at the International Center
for Integrated Mountain Development (ICIMOD; Xu
Jianchu, pers. comm.). The required model parameters
were determined based on values in the literature as well
as using best judgment.

The complete period from 1985-1995 was used for
calibration. The manual calibration guidelines provided
by Pitman (1973) indicate which aspects of the simulation
results are dominantly affected by changes to different

31



parameter  values. Several 10000
model parameters should be y = 11128x - 238 98

determined using measured 90007 R? = 0.881 ] &
values and remain fixed during 8000 7
the calibration period. These % 7000 |
fixed parameters include = g9
drainage density (d.Dens), 8 5000 |
groundwater  transmisssivity g 2000
(M), and groundwater 2
storativity (s). However, due to @ 000
a lack of measured information 2000
on aquifer and soil properties, 1000
some calibration was necessary. 0
Themain calibrated parameters 0 1000 2000 3000 4000 5000 6000 7000 8000 9000
included surface runoff (ZMIN, Observed Data (MCM)
ZAVE, ZMAX), soil moisture Figure 3
storage and runoff function (ST, 10000
POW, FT), and groundwater 9000 — — Observed Flow (MCM) Simulated Flow (MCM)
recharge (GPOW, GW). The fit 8000
between observed and simulated
flow was mainly evaluated using 7000
coefficient of determination (R2) 3 5000
and by visually adjusting the § 5000
simulated hydrographs. 2 4000
Model setup in the Lhasa .
Basin 2000
The Lhasa basin is situated in 1000
the Tibetan Plateau in China. Itis 0
a sub-basin of the Brahmaputra May-85 May-86 May-87 May-88 May-89 May-90 May-91 May-92 May-33 May 94 May-95
basin and was chosen as a pilot Tima;{Months)
study area for the Brahamatwinn Figure 4

Project.  Although several flow
stations exist in the basin, data was ;
unavailable except from one gauging | b : . L
station draining a very small sub- sope e : : e L
watershed. The discharge data from St T SatEs s e e e e :
the outlet of the Lhasa basin was not =4[V [ T T T T T T T R
available. Rainfall data was available
from Danxioung, Gongga, Lhasa, g L S ST LS 0 N L
Monzhugong, Nimu and Panduo. The 5 L] | b ol e el B e
modeling time frame was from 1985- ; e o T b halh oo ok

1995. Similar to the Koshi basin, the : i) e 8 el G

rainfall data was interpolated using == [ [ T U Ty T
the inverse distance weighting method
and potential evaporation values were

..........................................................................

______

obtained from the IWMI climate 1285 12683 12057 1265 1283 1280 1290 12002 1283 12084 1205

atlas. The irrigation fraction was Time (months)

again estimated based on personal Figure 5. Baseflow Analysis for the Koshi Upper Sub-Catchment.

communication with ICIMOD

scientists (Xu Jianchu, pers. comm.). shows very good results for the calibration. The observed
vs. simulated monthly flows can be seen in Figure 4. The

Results simulated Hydrographs (Figure 4) show that base flow is

Figure 3 shows the correspondence between observed  slightly overestimated. Further calibration of the model
and simulated flow for the upper Koshi sub-catchment.  was not done as a very low groundwater recharge rate was
The coefficient of determination (R?) is 0.88, which used. Figure 5 shows the simulated base flow component
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Figure 6. Simulated Monthly Flow Volumes in Million Cubic Meters (MCM) for the Outlet Point of the Lhasa Basin.

for the upper Koshi sub-catchment. Over estimation of
base flow could be due to groundwater extraction which
was not included in the model. It can be seen that the
stormflow component of the flows is more important
than the base flow component.

The calibration results were thought to be acceptable
for the model to be applied to the Lhasa basin. The
simulated flow volumes Million Cubic Meters (MCM)
for the Lhasa basin are shown in Figure 6. The inter-
annual variability in the discharges is primarily due to
the variability in rainfall. Normally, with any modeling
exercise, there is a need for validation. As data from the
Lhasa basin is measured, it would add to the reliability
of the results if the simulated flows could be validated
for even a limited time frame. Nevertheless, under
the present circumstances, where measured data is
unavailable, the model estimated monthly flows is very
valuable for further studies that depend on information
about the total water availability in the catchment.

Conclusions

The study demonstrates that the Pitman monthly
model can be successfully applied to catchments in the
study area. Although, there is some uncertainty in the
generated flows for the Lhasa basin as validation with
measured flow data was not possible, the modeling outputs
are still useful in estimating total water availability for the
Lhasa catchment. The modeling results can be improved
if measured values are available in the future for the input
parameters needed for the model. The methodology
described in this paper can be applied to other studies in
un-gauged river basins where flow data is not available.
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