Investigating major hydrological characteristics of Gin ganga watershed, Sri Lanka using distributed hydrologic simulation approach.
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Introduction:

Distributed hydrologic modelling which provides information on spatial distribution of basin hydrologic components plays vital role in efficient planning and managing water resources systems. But their applications are partly limited due to the requirement of
large amount of data which are not always available and difficulties in obtaining such data due to bureaucratic constraints. Global public domain data sets have become increasingly available on the internet and it is appropriate to make use of such data which can
often be supplemented for ground-based data.

Objective:

The objective of this study is to investigate the applicability of the distributed hydrological model, YHyM/BTOPMC to simulate the major hydrological characteristics in Gin ganga watershed utilizing the global data sets readily available in public domain along with
the local available rainfall and discharge data.

Study Area:

Gin ganga is a river which is one of the main sources of water supply to the southern region of Sri Lanka. It’s catchment entirely lies within the wet zone of the country and frequently subjected to flooding during the rainy seasons. Hence, it is vital to comprehend

the hydrology of the watershed in order to gain knowledge on current and future hydrological conditions.

Methodology:
i) Data

Table 1: Basic data required to run YHyM/BTOPMC and sources of data

Data Set

Source

Digital Elevation Map (DEM)

Shuttle Radar Topography Mission
(SRTM)

Soil Map

Harmonized World Soil Database (HWSD)
V 1.1 by Food and Agricultural
Organization (FAO)

Land Cover dataset

United States Geological Survey -
International Geosphere Biosphere
Programme (USGS - IGBP) Global Land
Cover Characteristics Data Base Version
2.0

Data for Shuttleworth and Wallace (S-W)
Simulation;

Normalized Difference Vegetation Index (NDVI)

Mean daily temperature
Diurnal temperature range

Advanced Very High Resolution
Radiometer- Global Inventory
Modeling and Mapping Studies
(AVHRR-GIMMS)

Intergovernmental Panel on Climate

Vapour pressure ) Change - Climate Research Unit (IPCC-CRU)
Cloud cover 2.0
Wind speed )

Daily Discharge Data (From 1997 to 2006) at
Tawalama and Agaliya gauging stations

Department of Irrigation, Sri Lanka

Daily Rainfall Data (From 1997 to 2006) at
Anninkanda, Natagala, Pallegama, Baddegama,
Labuduwa and Galle gauging stations

Department of Meteorology, Sri Lanka

ii)  Hydrological Simulation
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Figure 4: Runoff generation in a grid cell in the BTOP model (the vertical

profile).

In this diagram, P is the gross rainfall, ET is the interception evaporation, |,
is the interception storage capacity, | is the interception state, Inf,, is the
infiltration capacity, P, is the net rainfall on the land surface, ET is the actual

evapotranspiration, S,

is the storage capacity of the root zone, S, is the soil

moisture state in root zone, SD is soil moisture deficit in unsaturated zone, S,
is the soil moisture state in unsaturated zone,  is the overland runoff, g is
the saturation excess runoff, q, is the groundwater recharge, and q is

groundwater release. " 1,

v s are soil water content at wilting point, field

capacity and saturation, respectively (Takeuchi et al., 2008).

Results:
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Figure 1: Location map, locations of discharge and rain gauging stations,

catchment sub-divisions, stream network and Thiessen polygons generated
by YHyM/BTOPMC in the Gin river basin.

Table 2: Soil properties and distribution of soil textures (Rawls et al., 1982 and 1985).

Figure 2: Soil map (sub-catchment 0 and sub-catchment 1).

Figure 3: Land cover map (sub-catchment 0 and sub-catchment 1).

Table 3: Distribution of land cover according to IGBP classification and root depths (Sellers et al., 1994 and 1996)

Soil ID/ Soil type Texture O Ouite (% area) Original IGBP Root Reclassified % area
Sub- Sub-catchment classification depth | IGBP classes Sub- Sub-catchment 0
catchment 0 and (m) catchment 0 | and sub-catchment
0 sub-catchment 1 1
FAOID 3641 Sandy Clay 0.255 0.068 100.0 95 44 Evergreen Broadleaf 2.5 | Deep rooted 1.21 1.97
FAOID 3645 Toam Forest Forest/Woodland
FAOID 3778 Deciduous Broadleaf 2.5
FAOID_3654 Loam 0.270 | 0.027 0 456 Forest
Notes: B¢ Field capacity, Bz Soil moisture content at wilting point S UERR o =l
s Closed Shrublands 1.0 G/S5/B/S 6.57 6.11
Woody Savannas 1.0
Croplands 0.7 | ¢/M 92.21 91.92
Cropland/Natural 1.0
Vegetation Mosaic

The runoff from a grid cell to the local schematic stream reach is the sum of
saturation excess overland flow (g.s) and groundwater discharge (g;) per unit

length of contour line:

Dof (f* ir'L) = {SH: (F.* ir'L)_ SD’(F-* I‘)} (1)

Notes: G/S/B/S: Grass/Savanna/Barren/Shrub, C/M: Crop/Mosaic
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Model performance was evaluated by the Nash-Sutcliffe Efficiency (E) and the
volume ratio of total simulated discharge to total observed discharge (Vr).
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where, S,; is the unsaturated zone storage and SD is the saturation deficit for ==l ;

the i*" grid cell at time t.

‘O obs; ~ Cobs '

2

where, Q,ps, is the observed discharge, Q;,,, is the simulated discharge, Q,p is

P A SD(i. ¢t ) the average observed discharge, and n is the number of time step.
qplit)=Tyli .Feh‘pk W ;- tan (2)
B S0 \
where, SD indicates the saturation deficit, T, is the transmissivity, and m(k) is VI. = - )'m‘” [
the discharge decay factor in sub basin k. —~ij=1=Zobs

Table 4: Calibrated parameter set

Parameter Value
Decay factor of 0.067 m
transmissivity (m)

Block average 0.4
roughness

coefficient (ng)

Saturated To_sand: 12 m?/h

transmissivity (T,)

To_si:  5m?/h

where, Q. is simulated runoff volume and Q.. is observed runoff volume.

Table 5 shows the model performance during calibration and validation. Figure 5 shows the observed and simulated discharge hydrographs during calibration and validation in Tawalama and Agaliya. According to Figure 5, the hydrographs show a good agreement
between the observed and simulated discharges in Agaliya during both calibration and validation except for few extreme events. In particular, the low flows are simulated very well. Except for few years during which the simulated peaks are similar to the observed
ones, most of the peak flows are underestimated.

Table 5: Model Performance.

Calibration Validation
Agaliya | Tawalama | Agaliya | Tawalama
Nash-Sutcliffe efficiency (% 67.63 |53.75 62.73 |48.31
Ratio of total simulated dischargeto |93.15 | 105.50 84.94 |104.24
total observed discharge (V)%
(a) Calibration Validation
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Figure 5: Observed and simulated discharge hydrographs.
Qobs is the observed discharge and Qsim is the simulated discharge during calibration and validation in (a) Tawalama

and (b) Agaliya

Conclusions:

The model validation results at Agaliya during 2002-2006 are shown in
Figure 6 for which the Nash-Sutcliffe efficiency is 62.73% and volume
ratio is 84.94% (Table 5).
Figure 6 further illustrates the following major hydrological
characteristics in Gin ganga watershed,;

ABase Flow: Base flow shows rather direct action in response to the
rainfall, due to the sandy textured soils present in substantial area of
the catchment.

AVariation of the soil moisture condition of the catchment: Just after a
dry season, with the start of rainfall SDbegins to decrease from its
maximum. With the continuation of rainfall, S, is increasing and §,,
also begins to increase. During a peak flow event, both S,and S,
achieve their maximum values. At the end of the peak flow event, with
the decrease of rainfall, §,, decreases with a gradual increase of SD
When S, achieves its minimum, S, begins to decrease and SDfurther
increases.

AVariation of the evapotranspiration: ET is considered to occur from the
root zone according to the EP and the availability of water in the root
zone. The variation of ET follows the pattern of S,, change in accord
with the fact that the evaporation takes place basically from the root
zone. When there is enough rainfall, ET reaches nearly to its potential
value which is EP.
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Figure 6: Model validation results at Agaliya discharge gauging station during 2002-2006.

(a) Observed (Qobs) and simulated discharge (Qsim) hydrographs; (b) estimated base flow;
(c) estimated average evapotranspiration (PET, is the potential evaporation from
interception, EP is potential evapotranspiration from root zone, ET, is the actual
evaporation from interception and, ET is the actual evapotranspiration from root zone); (d)
Variation of estimated soil moisture (SD is the average saturation deficit, S,, is the average
storage in the root zone and S, is the average storage in unsaturated zone)

YHyM/BTOPMC model simulation adequately represented the major hydrological characteristics in Gin ganga watershed including runoff volume, base flow and soil moisture states of the catchment. This suggests the applicability of YHyM/BTOPMC model for
hydrologic simulations in data-poor (limited availability of local data) watersheds for which most of the required datasets could be acquired from global archives.
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