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Abstract Sustainable land use of watershed is an impor-
tant aspect for the development and conservation of nature.
Unconcerned use of the resources may lead to irreversible
consequences and overall misbalance. The main aim of the
research was to create a software, which could be useful for
estimation of the catchment’s nature conditions and assess-
ment of changes on the basis of which the prediction of
possible consequences can be made. In the given work, the
influencing factors have been considered: precipitation and
temperature analysis and land cover change over the last
30 years. With the help of the developed model based on
the provided data, the representation of changes in climate,
land cover and water dynamics were calculated. As a result,
the software establishes the characteristics of the catchment
area and makes it possible to see the changing pattern of
the selected factors. The primary and secondary outcomes
of the model provide precise calculation of surface runoffs,
interception losses, and transpirations. In order to assess
the effectiveness of the model, the results of the model and
the river discharge were compared with estimation of the
possible error rate. Different territories with similar charac-
teristics can implement developed software for daily use on
the local level. However, for successful applying in a new
area the model has to be localized. Further evolvement is
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necessary in order to make the model applicable to any dif-
ferent location with specific features which can be different
from the original example provided.

Keywords Land use planner - LUPWY - Water yield -
Environmental change

Introduction

Land use planning plays an important role in sustain-
able conservation and management of catchment specific
resources (Lal 2003). Certain properties of catchments
determine various sub-parameters that play crucial role
in water budget within the catchment (Bonan et al. 2003).
Land cover and land use practices are unorganized in most
river basins of Nepal (Kaly 2004).

In order to determine the optimum land use practice for
enhancing the water service in Tanahun and Kaski districts
in Chitwan-Annapurna Landscape (CHAL) (Osti 2005) a
certain software model was developed and used. The target
of the model is such that it combines the primary and sec-
ondary data as well as information pertaining to the study
location and then combine the process based representa-
tions of terrestrial vegetation dynamics and land—atmos-
phere carbon and water exchanges in the modular frame-
work (Sitch et al. 2003). Prediction of the results changes
in vegetation patterns, water quality and runoff production
requires an accurate representation of the relationships
between hydrology, vegetation and climate (Wigmosta
et al. 1994). The objective of the research was to develop
the software providing the possibility to assess the changes
of nature conditions over the years in the watershed areas.
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Study area

The study has been conducted in 3 watersheds of 2 districts
of CHAL region.

The proposed watersheds of the research location are as
follows:

e Tanahun district:

— Chhabdi Khola watershed, Damauli;
— Guhe Khola watershed, Khairenitar.

o Kaski district:

— Bhoti Khola watershed.

The outlet point location of Bhoti Khola water-
shed in Kaski district is 83°57'5.888"E longitude and
28°17'17.982"N latitude. Guhe Khola is located in the
western part of Tanahun district represented by latitude
of 84°5'53.083"E and 28°0'50.063"N whilst the Chhabdi
Khola located at the eastern part of Tanahun has point loca-
tion represented by 84°16'37.048"E and 27°57'51.994"N.
Chhabdi Khola has the largest catchment area of the three
study areas with an area of about 28.4 km?. Guhe Khola
has the smallest catchment area with about 2.3 km? The
Bhoti Khola catchment area is about 6 km?.

Material and methodology
Model selection

To assess the current status of vegetation cover and other
land use categories, detailed land cover mapping of water-
sheds in Tanahun and Kaski districts were carried out
(Nepal 2013). Information obtained from land use classi-
fication were re-evaluated with the help of field verifica-
tion through a representative field survey (Eiumnoh and
Shrestha 2000). The methods of field verification constitute
the observation and responses from locals and key inform-
ants (Schwartz et al. 2001). In order to assess the properties
of soil and other field estimates that play vital role in deter-
mining the capacity of the watershed to contribute to the
stream flow or to feed up the water supply, representative

Table 1 Details of meteorological stations for climatic data

sampling of the soil was done and the properties were
determined through the laboratory analysis (Matteo et al.
2006; Mouazen et al. 2007). Inputs and outputs of the
model were identified, based on the data of the software/
model. Several existing models were studied and com-
pared, in order to find the most suitable one. As a result,
the Lund-Potsdam-Jena model (LPJ) was selected (Gerten
et al. 2004).

Land cover classification

The land cover analysis was done in GIS environment. The
required data was assessed to achieve the desired results
and included DEM (Digital Elevation Models), district
boundary data, land cover data, LANDSAT Imagery (for
1990, 1995, 2000, 2005, 2010 and 2015), and various topo-
graphic maps and base maps.

Climatic trend analysis

Analysis of climatic trend was carried out with the help
of temperature and precipitation data of 30 years from the
available stations. The stations were selected in response to
their locations within the basin and/or close surroundings
with the basin. The trend analysis has been made for 30
years’ available data from the stations (Palmer et al. 2008).
The details of stations and data availability are presented in
the Table 1.

Data from available stations represents 30 years’ mete-
orological measurements (except for Damauli station,
where data availability initiates from 2004 only) and was
used for climatic trend analysis. For temperature trend
analysis, average annual temperature was calculated using
the available data from monthly temperature values (Alex-
ander 2006). The annual temperature trend was carried out
for maximum temperature (t,,.), minimum temperature
(tmin) and mean temperature (t,,.,,) for each of the stations
i.e. Pokhara airport, Khairenitar and Damauli. Similarly,
precipitation trend was estimated by calculation of total
annual rainfall from monthly precipitation from January to
December.

SN Station Catchment Location coordinates (lat, Data types available Period of data available for use
long, altitude)
Pokhara Airport Bhoti 28°13'; 84°00'; 0827 m Precipitation, temperature 1985-2014 (30 years)
Khairenitar Guhe 28°02'; 84°06'; 0500 m Precipitation, temperature 1985-2014 (30 years)
3 Damauli Chhabdi 27°58'; 84°17"; 0358 m Precipitation, temperature Precipitation (1985-2014)

Temperature (2004-2014)
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Development of the software

Several existing models were compared, in order to find the
most suitable. Inputs and outputs of the model were identi-
fied, based on the data of the software/model. As a result,
the Lund-Potsdam-Jena model (LPJ) was selected. To make
the calculation of the water budget, the zone of study was
defined, separated by watershed and by land use, and the
results were provided by day.

The model calculates and solves equations by itself,
which allows user to interact with the software easily. The
software is coded in Java language and named LUPWY,
for Land Use Planner for Water Yield. It can be run as an
.exe file (only for Windows OS), or as a .jar file (for Win-
dows, Mac and Linux OS). The internal databases are
programmed in .txt files, which simplify the possibility to
change them. As a result, three manuals were made: user
and developer manual, and the model description where all
the equations and parameters are explained.

Calibration and implementation of model in software

The LPJ model was used for the purpose of characteriza-
tion of the study catchment. The site specific data available
through primary and secondary sources are incorporated
into the model to develop the understanding on the basic
criteria of the model. The process of development of the
software was based on the selected model. The primary cri-
teria are to identify existing relationship between various
components of water budget in the chosen watersheds of
study. To fulfill the calculations there several data numbers
user has to provide manually, which are year of the data,
percent of needle leaved closed forest, needle leaved open
forest, broadleaved closed forest, broadleaved open forest,
agriculture percentage, scrubland, grassland and built up
area. After calibration of data user will be asked to provide
species of the territory and some climate features.

Eclipse is the platform where data are added to the
workspace. To import existing Eclipse projects, the file
is selected on the computer in a .zip format. The data is
exported to the local file system. Java-Eclipse package
explorer consists of data, images and various accessory
information under file name Land Use Planning for Water
Yield (LUPWY). Data consist of countries.txt, districts.txt,
information of the species.txt, landuse.txt, precipitation.
txt, temperature.txt, watershed.txt and image file consists
of watershed map with land cover included for Chhabdi,
Guhe, and Bhoti Khola watersheds. Similarly, district map
of Kaski and Tanahun and country map of Nepal is also
included. Organization’s logo is also included as .png file.

Mainscreen.java consists of data coded into the system.
Data coding is done for land-cover, latitude, I (dimen-

sionless biome dependent proxy for rainfall regime), E ..

(maximum transpiration rate that can be sustained under
well-watered conditions), f, (fraction of the grid cell cov-
ered by vegetation).

Some data coding for constant values include that for
ambient CO, (398.55), air temperature, R, (net radiation
values), A, (daytime net photosynthesis (user defined)), A
(stomata-controlled ratio between intercellular and ambi-
ent CO, partial pressure in the absence of water limitation
(0.8), k (texture dependent conductivity), soil moisture
(defined by the user) (Paudel et al. 2015). As a source code,
.txt files were defined. With the availability of the informa-
tion, the user is able to add/remove information.

When the equations and functions defined by the model
are coded, finally, an executable JAR file is prepared with
the help of Launch4j. Necessary equations and data usage
are briefly described below:

e Potential Evaporation

Daily equilibrium evapotranspiration rate (Eq, in mm/d)
depending primarily on net radiation and temperature is
given by:

Eq = [A/(A+7)[R,/L e

Where R, (J.m”-2. d”-1) is net radiation (net short-wave
flux minus net long-wave flux) given by the user. A is the
rate of increase of the saturation vapor pressure with tem-
perature given by:

e Actual evapotranspiration

Actual evapotranspiration is the sum of (a) interception
loss and (b) plant transpiration for all vegetation types, plus
(c) evaporation from bare soil, calculated as follows.

e Interception loss

Canopy storage capacity (Si, mm/d) is defined as a func-
tion of biome, leaf area index and precipitation amount (Pr,
mm/d)

Si=Pr*LAl*ix*f, 2)

Where f,, denotes the fraction of the grid cell covered
by vegetation. The value of f, is determined on the basis of
land cover data in the basin. The factor I is a dimensionless
biome-dependent proxy for the rainfall regime.

Storage capacity is relatively high in boreal forests, and
lower in tropical forests due to high rainfall intensity. Also,
the value of I is lower for grasslands than for forests.

We consider that all the precipitation is rain, and there is
no snow. Daily interception loss (Ei) is then given by:

Ei=Eq*xaxw 3)
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Where, w represents the fraction of day-time that the
canopy is wet, defined as follows:

w = Min (Si/[Eqa], 1) 4)
Night-time fluxes are neglected; the remaining day-

time canopy-available energy (1-w) is used for plant
transpiration.

e Transpiration

Transpiration is modelled as the lesser of an atmosphere-
controlled demand function (D) and a plant-controlled sup-
ply function (S)

Et = Min(S, D).fv 5)
Transpiration supply is determined by the maximum

transpiration rate that can be sustained under well-watered

conditions (E_,,.), and declines linearly with relative soil

moisture (Wr).

S = E . % Wr (6)

Relative soil moisture values (Table 2) are the average
of the values measured from the soil samples taken in the
field.

The soil is treated as a simple bucket consisting of one
layer. Atmospheric demand represents ‘unstressed transpi-
ration’, which occurs when stomata opening is not limited
by reduced water potential in the plant. Daily demand is a
hyperbolic function of canopy conductance (the sum of sto-
mata conductance of all leaves for a given PFTs):

D = (1 - w) Eq * am/(1 + gm/g,,) ™

A maximum Priestley—-Taylor coefficient, am=1.391,
and a scaling conductance, gm=3.26 mm/s; is defined.
Demand approximates Eg,, when the canopy is dry
and g,,—the potential canopy conductance that can be
achieved when there is no water limitation—tends to infin-
ity. g, (mm/s) is directly related to the photosynthesis rate
as follows:

Zpot = Bmin + 1,6 Adt/[Ca(l - A)] (8)

Here, g, is a PFT-specific minimum canopy conduct-
ance (CaC) that accounts for plant water loss not directly

Table 2 Average relative soil

. d f feld Watershed Relative
moisture measured from fie soil mois-
assessment tare %

Chhabdi Khola 18.3

Guhe Khola 17.5
Gharmi Khola 31.3
Bhoti Khola 20.9

@ Springer

linked to photosynthesis (e.g. guttation). Ay is day-
time net photosynthesis (g C /d_ ). Adt value was user
defined; Ca is ambient CO, (mole fraction). The value
taken is 398.55 ppm (http://co2now.org/current-co2/co2-
now/annual-co2.html). A is the stomata-controlled ratio
between intercellular and ambient CO, partial pressure in
the absence of water limitation; it is lower for warm-zone
C4 grasses (0.4) than for C3 plants, i.e. trees and cool-zone
grasses (0.8). We took A=0.8.

e Soil evaporation

Daily evaporation from bare soil (ES) occurs at the
simulated fraction of the grid cell (1-fV) not covered by
vegetation, which may extend towards the plant-covered
area according to the daily status of PFT-specific leaf
phenology.

E, = Eqa * wr20 = (1 —f,) ©)

Where, wr20 represents the relative moisture in the
upper 20 cm of the soil column. As we considered that
there is only one layer, we assumed that wr20 = wr.

Capillary rise from groundwater is not taken into
account due to the lack of global data on the height of the
groundwater table.

e Soil water storage and runoff generation

Water content of both soil layers is updated taking
account of snowmelt (M), through fall (Prt=Pr-Ei); tran-
spiration, evaporation, percolation through the layers, and
runoff:

Awl = (Prt+ M = f1 % Et=Es—pl1—R1)/ (W, * d1)

(10)
Aw2 = (pl + M—p2 * Et—Es—pl1-R2)/ (W, * d2) (11)

Here, Awl and Aw2 are changes in soil water content
of both layers (expressed as a fraction of the respective
wmax); f1 and P2 represent the fractions of water extracted
for transpiration from each layer (such that 1 +p2=1).

As we considered only one soil layer and we neglected
snowmelt, we can change these equations:

Awl = (Prt— Et—ES—pl—Rl)/(wmax * dl) (12)

Aw2 = (pl = R2—p2) [ (Wppyy * d2) (13)

Percolation rate from the upper to the lower soil layer
(p1, mm/d) depends on soil texture and layer thickness, and
declines exponentially with soil moisture:

pl,2 =k * wi?, (14)
where k is the texture-dependent conductivity, deter-
mined by the user. The model diagnoses surface runoff
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Table 3 Average soil texture

. Watershed Texture type
for watersheds obtained from
field assessment Chhabdi Silt loam
Guhe Silt loam
Gharmi Silt loam
Bhoti Silt

Table 4 Land-cover mapping classes for Kaski-Tanahun districts
(2015)

SN Land use/cover type Percentage
covered
(%)

1 Closed Broadleaved forest 13.67

2 Opened Broadleaved forest 27.15

3 Agriculture 29.80

4 Built-up areas 18.59

5 Water 5.62

6 Snow 5.17

Total 100.00

(R1) and subsurface runoff (R2) from the excess of water
over field capacity of the upper and the lower soil layer,
respectively.

R1 = Prt % (1 — FC1) (15)

R2 =pl = (1 —FC2) (16)

The texture data has been used from the calculations
done through analysis of soil. The soil texture for various
watersheds is presented in the Table 3.

LUPWY is desktop based software built on java. This
software calculates rate of interception loss, rate of tran-
spiration, rate of soil evaporation, rate of percolation as
well as rate of surface runoff, subsurface runoff and total
runoff based upon the value provided to the software
through input panel. It contains the information about
different plant species along with their habitat, usage and
economic value. It works on two aspects of the land use
type LANDSAT and SENTINEL-2 (Table 4).

LUPWY makes the calculation of the surface run-
off and subsurface runoff without complicated interac-
tions, since software provides output data based on input
characteristics. User is required to provide temperature,
daily precipitation, net radiation, day time net photosyn-
thesis, texture dependent conductivity etc. to calculate
the total runoff. For convenience purposes some impor-
tant values are already provided in the software accord-
ing to the research year. User can change these values on
their own in order to calculate the total runoff in different
conditions.

Results

Based on the above written methodologies, the results of
each step of the project are given below.

Model selection

On a global scale, the largest change in terms of land area,
and arguably also in terms of hydrologic effects, is defor-
estation and afforestation” (Calder 1992). Removal of for-
est cover from a watershed can result in significant hydro-
logic changes, including: decreased interception of rainfall
by the tree canopy (net precipitation); decreased evapo-
transpiration; decreased rainfall interception by surface lit-
ter; and increased runoff volumes (Bruijnzeel 2004). Many
researches and studies have shown a concrete relationship
that exists between changes in runoff with changing land
cover pattern in the basin (Tu 2011). The runoff in turn
determines the amount of water storage in the catchment
and sedimentation (Croke et al. 2005).

Various available models pertaining to the objectives of
the study were reviewed and studied in detail. Among the
relevant and available ones, the ones most favorable to the
objective of the study were selected on the basis of their
suitability for application as per geo-physical settings of the
watersheds, site-data availability of the requisite study site,
performance evaluation of the model in the context of its
use for others purposes.

Major models of the review were:

e Lund-Potsdam-Jena model (LPJ Model) ;

e Modified dynamic global vegetation model for simulat-
ing large spatial scale land surface water balances ;

e A distributed hydrology-vegetation model for complex
terrain ;

e Modified Morgan, Morgan and Finney model.

Land-cover classification

One of the important aspects of this project was to gener-
ate the land cover maps for various years in order to track
the changes occurring in the study areas for the subsequent
years (1990, 1995, 2000, 2005, 2010 and 2015) (Parker
et al. 2003).

Results obtained for various watersheds are presented on
the Fig. 1.

Chhabdi Khola watershed
The Fig. 1 shows of the land cover map of Chhabdi Khola
basin for the year 2015 shows that 28.84% is covered by

closed broadleaved forest, 38.99% by open broadleaved for-
est and 32.17% of the area of the basin by agricultural land.
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Fig. 1 Land cover mapping for

Land cover Of the Chhabd' Kh0|a Rlver BaSIn f0r 2015 * Including sample points collected in the field survey
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The sampling points are going to be used as a basis for the
verification of land cover maps obtained through classifica-
tion processes (Foody 2002).

Land cover change analysis for Chhadbi Khola water-
shed is depicted in the Fig. 2 from year 1990 and 2015.
As can be observed, Chhabdi Khola river basin is an area
largely covered by open and closed forest with fluctuations
at around over 60% of the total area from 1990 to 2015. It is
highly likely that the percentage of the closed broadleaved
forest class is going to rise significantly in the monsoon
season, as the canopy will get denser in the wetter season
(this also applies to the other study areas) (Carpenter and
Zomer 1996). While the share of closed broadleaved forest
was at its lowest in 2000, the share of open broadleaved for-
est peaked with 41.86%. In the year 2010 can be observed
the other tendency: while the share of closed broadleaved
forest was 30.77%, the share of open broadleaved forest
was at its lowest with 31.35%.

From 2010 to 2015 the decrease of over 6.50% can be
observed, resulting in the Chhabdi Khola river basin having
32.17% agricultural land. There is a weak negative corre-
lation between the progression of the years the amount of
agricultural area with a correlation coefficient of R=—0.31
and, as can be observed in the Fig. 3 by the fluctuation in
agricultural area.

Most of the agricultural area is located in the north and
southeast part and in the downstream of Chhabdi Khola.
The agricultural area in the Chhabdi Khola river basin is
fluctuating around the mid 30.00%. The agricultural land
increased from 34.68% in 1990 to 38.61% in 1995, and
then decreased to 35.26% in 2000. Subsequently there is
an increase in agricultural land from 2000 to 2010 (from

@ Springer

3 Kilometers

y .
"1 ~” >
4
& ¥
Projection: GCS_WGS_1984

Projection of field survey points: GCS_Everest_1840

35.26% in 2000 to 36.62% in 2005, followed by a further
increase to 37.88% in 2010). There is a very little corre-
lation between the share of agricultural area and the pro-
gression of years, which makes it difficult to assess whether
the agricultural area is actually improving over these years.
Although, in year 2015 the share of agricultural area is at
its lowest (compared to the other 5-year intervals), this
is not the evidence that the agricultural area is going to
decrease in the future.

Guhe Khola watershed

The land cover classification for Guhe Khola watershed for
the year 2015 accounts 30.79% of closed broadleaved for-
est, 35.88% of open broadleaved forest and 33.33% of agri-
culture land cover (Fig. 4). The Guhe Khola river basin is
covered with over 60% of forest. A significant share of it
is distributed in small patches of open broadleaved forest
throughout the agricultural areas. There is generally more
open broadleaved forest than closed broadleaved forest.
There is noticeable a big difference in 1995 and 2010, with
the share of open broadleaved forest being approximately
double with 42.85%, then the share of closed broadleaved
forest 21.88% for 1995 and 42.19% open broadleaved forest
vs. 19.39% closed broadleaved forest for 2010.

The larger agricultural areas are mainly located in the
northern and central parts of the river basin. As can be
observed in the Fig. 5, there are some fluctuations in the
share of agricultural area cover from 1990 to 2000. The
share of agricultural is 37.20% in 1990 vs. 33.33% in
2015. With a correlation coefficient of R=—0.24 there is
a weak negative correlation between the progression of
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Fig. 2 Changes in land cover for Chhabdi from 1990 to 2015
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Land cover of the Guhe Khola River Basin from 1990 to 2015 -suitup area is not shown
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Fig. 4 Changes in land cover for Guhe from 1990 to 2015
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the years and the amount of agricultural area. Between  has been disturbed over the watershed area. Overall, since
the years 2010-2015, a significant amount of open forest 1990 the share of agricultural area has decreased. This
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Fig. 6 Land cover classification for Bhoti Khola catchment for 2015
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change could have a positive effect on the water balance
in the area.

Bhoti Khola watersheds

As can be observed in the Fig. 6, the Bhoti Khola river
basins are largely covered by agricultural area. The agri-
cultural area in the Bhoti Khola river basins seems to be
decreasing in each 5-year interval (Fig. 7). Overall the share
of agricultural area decreased a sizable 11%, from 70.41%
in 1990 to 59.41% in 2015. From the Fig. 8 can be stated
that there is a near perfect negative correlation between the
amount of agricultural area and the progression of the years
with a correlation coefficient of R =—0.99. As a result,
future decrease in agricultural area could be expected. This
could have a positive effect on the water balance.
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Graph showing the land cover
percentages of the Bhoti- and
Gharmi Khola river basins
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2000 2005 2010 2015

Climate trend analysis

The trend of climatic changes in the area was analyzed with
the help of trend analysis of temperature and rainfall.

Trend of Annual Rainfall

As represented by all three stations in the study area,
the thirty-year total annual rainfall shows decreasing
trend. On the basis of coefficient of determination (R?),
the decrease in rainfall was not statistically significant
(Singh et al. 2014). The highest rainfall (in mm) that was
received in each stations (Lamachaur, Pokhara Airport,
Damauli and Khairinitar) were 5365.2 mm in 2007, 4879
in 1998, 2254.1 in 1999 and 3057.6 in 2002) respectively.
On the other hand, the lowest rainfall (in mm) that each
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Fig. 8 30 years of total annual rainfall (1985-2015) trend in the study area (a. Pokhara airport, b. Khairinitar, c. Lamachaur, d. Damauli)

Fig. 9 30 year’s maximum,
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The Fig. 9 shows the mean temperature for Pokhara Air-
port from 1985 to 2015. Tempeture as depicted by the sta-
tion showed the increasing trend. The mean temperature
was found to be highest in 2008 with the temperature of
22.2°C and lowest was in 1997 with 20.2°C. The trend for
mean temperature was seemed to be increasing which was
also statistically significant.
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Fig. 10 30 years’ average of
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2. Khairinitar station

Looking at the 30 years’ average of the mean tem-
perature in Khairinitar station (Fig. 10), can be observed
the increasing tendency although there was a great fluc-
tuation in between 30 years with highest temperature in
2007 (23.7°C) and lowest temperature in 1991 (22.3°C)
with statistically significant value with respect to R

3. Damauli station

The data for the temperature in case of Damauli sta-
tion (Fig. 11), was available only from 2004 to 2014.
Mean temperature was found to be highest with the value
of 25.3°C in 2004 and lowest with 22.5°C in 2008. The
tendency has decreased by 0.012 °C.

Fig. 11 10 years’ average of
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Development of the Software

The developed software makes it possible to see how
topography, soil characteristics, vegetation and climate
interact in a complex manner to determine the types, inten-
sities, and locations of runoff production and the transport
of sediments, chemicals, and organic debris in a landscape
(UIZ 2015).

Eclipse is the platform where data are added to the work-
space. To import existing Eclipse projects, the achieve file
is selected on the computer, which must be a .zip file. The
resources are exported to and archive file on the local file
system. Prepared under Java-Eclipse, the package explorer
consists of data, images and various accessory information
under achieve file name as Land Use Planning for Water
Yield (LUPWY) (UIZ 2015). Data consist of countries.
txt, districts.txt, information of the species.txt, landuse.txt,
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precipitation.txt, temperature.txt, watershed.txt and image
file consists of watershed map with land cover included for
Chhabdi, Guhe and Bhoti Khola watersheds. Similarly, dis-
trict map of Kaski and Tanahun and country map of Nepal
is also included.

Mainscreen.java consists of data coded into the system.
Data coding is done for land cover, latitude, / (dimen-
sionless biome dependent proxy for rainfall regime), E,,,
(maximum transpiration rate that can be sustained under
well-watered conditions), f, (fraction of the grid cell cov-
ered by vegetation) (Fritzsche 2010).

Some data coding for constant values include that for
ambient CO, (398.55), air temperature, R, (net radiation
values), A, (daytime net photosynthesis (user defined)), A
(stomata-controlled ratio between intercellular and ambi-
ent CO, partial pressure in the absence of water limita-
tion (0.8), k (texture dependent conductivity), soil mois-
ture (defined by the user). As a source code, .txt files were
defined. The following steps represent the usage of the
model:

Step 1: Select a country, district and watershed. The map
and the information are updated when you select a country,
a district or a watershed.

ETICE S Country Nepal J v

District Kaski |

Chhabdi Khola

3 Chhabdi Knola

Watershed

|”secondary outcome |

Total land area: 28.4 sq. km

=% Geographical coordinates: 27°57N 84°16E
£ Highest point 1082 meters

B Lowest point 298 meters

Step 2: Calculate the land use. The percentage of each
land cover type depends on the watershed you selected
before, and on the selected year.

& Lpwy [E=EEN =)
Project | I
| Landuse Year 1990 ‘ -
Plant species
| lmputdata .o e eaved closed forest (%) 00
Primary outcome
[ Secondary outcome
Needle leaved open forest (%) 0.0
Broadleaved closed forest (%) 14.05
Broadieaved open forest (%) 1554
/Agriculture (%) 70.41
Shrubland (%) 0.0
(Grassland (%) 0.0
Builtup Area (%) 0.0
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Step 3: Select the plant species. The model allows user
to select necessary agro species, tree species and medici-
nal and non-timber forest species.

8 LUPWY (= [ © ]
Project Vegetables
Land use Rice
Plant species (Corn
Input data Millet
_IPUtdad 1,0, species
Primary outcome |00 *P°" Wheat
" secondary outcome Barley
[ sal [« [Asna
|CE T —

D

Karma [Terminali alata

Chilaune

Broadleaved
Katus

Tree Species
Losmin It does badly on free draining sand wh)
Dabdabe lere water table is deep; it tolerates low|
simal | badly drained soil

L]

My K

Kurilo
Harro
Barro
Medicinal and non-timber forest species| "2 Kharro
‘Amala
Timur
Asuro
Bhojo 5

Step 4: Input data. The year should be selected as in
the window “Land use”. You can change its, the percent-
ages of land use will be updated. Select a month, the val-
ues of “Air temperature” and “Daily precipitation” will
be updated, but user can change them manually. Here all
the parameters needed can be found to calculate the water
budget. The values are pre-filled, but you can change the
values manually When all the parameters are set, user
can calculate the water budget by clicking on the button
“Calculate”.

® LUPWY el
Project
Land use |Year 1990 b A
Plant species | |
L Month of the year March ~
Primary outcosfie )
Secondary oyfcome
Air temperature (°C) 17.2
Daily precipitation (mmiday) 513
Net radiation (J m-2.d-1) 17280000
Daytime netphatosynthesis (g C d-1m-2) 15
Ratio between intercellular and ambient CO2 partial pressure 0.8
Texture-dependent conductivity 2
i
Calculate 1

Step 5: Primary outcome.

Here you can find a part of the results of the water
budget: interception loss, transpiration, soil evaporation,
percolation.
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@ LUPWY =c!

[ Project_
Land use Interception loss (mmiday)
Plant species
Input data
" Primary outcome _|0.0853146028944|
Secondary outcome

Transpiration (mmiday)

0.3367379372906187

Soil evaporation (mmiday)

3.81504517231411

Percolation (mmiday)

163805

Step 6: Secondary outcome. The results linked with
surface runoff and subsurface runoff can be found in the
following section.

® LPWY (E=Rfel™ >

Project
Land use Surface runoff (mmiday)

Plant species
Input data

Primary outcome | 3.531279777973919§|
| secondary outcome
Subsurface runoff (mmiday)
1.1466349999999996

Total runoff (m*3/s)

0.16242759645742774

Calibration and implementation of model in software

In order to assess the effectiveness of the model, the
results of the model and the river discharge have been
compared (Table 5). The model seems to give accurate
results for Guhe and Bhoti Khola. However, the area of
Chhabdi Khola watershed represents high error rate.

As for the land use classification, on the basis of find-
ing of the study, it can be concluded that the land cover
practice is changing in the areas of study, although there
is not a clear trend of change (Houghton et al. 2006).
In most of the cases, share of open broadleaved for-
est is more. In case of closed broadleaved forest, it has
improved in the recent years. The trend is first decreas-
ing and then increasing. The causes could be mostly
attributed to the improvement in community forest and
management practices (Putz et al. 2008). In case of
Bhoti Khola watershed, agricultural land proportion is
more, which also shows decreasing trend.

Table 5 Calibration

Watershed Model (m3/s) River discharge Error rate
(m3/s)

Chhabdi Khola 0.767 0.489 56.85%

Guhe Khola 0.049 0.050 2.00%

Bhoti Khola 0.153 0.152 0.65%

Conclusion

Land use practices play an important role in the conser-
vation of natural resources of the catchment area and its
protection from degradation. The unpredictable power of
nature can cause a lot of damage if they won't be observed
and prevented. Among the others, land use changes influ-
ence the local water and soil balance.

The developed software makes it possible to see how
topography, soil characteristics, vegetation and climate
interact in a complex manner to determine the types, inten-
sities, and locations of runoff production and the transport
of sediments, chemicals, and organic debris in a land-
scape. The research pilot project was aimed to understand
the nature of watershed with respect to changing scenario
of land cover as well as climate change trend. The detailed
land cover mapping of watersheds was carried out to assess
the current status of vegetation cover. In order to assess the
properties of soil and other field estimates that play vital
role in determining the capacity of the watershed to con-
tribute to the stream flow or to feed up the water supply,
representative sampling of the soil was done and the prop-
erties were determined through the laboratory analysis.

Different territories with similar characteristics can
implement developed software for daily use on the local
level. However, for successful applying in a new area the
model has to be localized. Further evolvement is neces-
sary in order to make the model applicable to any differ-
ent location with specific features which can be different
from the original example provided. The basic calibration
of the model will consist on the similar steps; however, the
required data may vary according to specific characteristics
of the territory of the research.

The software based on LPJ model is established in order
to account for the characteristics of the watershed and study
on the nature of changing output with changing inputs to
the model. However, the state of art established model is
limited in its use for the study area only, because of inbuilt
characterization limitations. Along with providing the use-
ful insights of the study area, such research can be use-
ful for establishing the foundation upon which to base the
future studies of such kinds.
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