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Abstract. Monthly discharge is one of the most important factors considered in designs
and hydrological works. Some watersheds are not equipped with needed hydrometric
equipment. In such a case average monthly discharge could be estimated from regional
monthly water balance models of representative watersheds. In this study, Thornthwaite &
Mather (TM) model were used in the Pishkouh watershed in arid climate of Yazd, Iran.
The water balance was used for computing seasonal and geographical patterns of water
availability to facilitate better management of available water resources. The water balance
study using the TM model with the help of remote sensing and Geografhic Information
Systems (GIS) is very helpful in finding out the periods of moisture deficit and moisture
surplus for an entire basin. This study indicates that there is an annual deficit of 442.7 mm
in the study basin and an annual surplus of 26.4 mm. The Pishkouh watershed has a period
of moisture surplus from June to August and the remaining months are a period of deficit.
Generally these mean estimated runoff values fall between the 90% confidence intervals
for the measured runoff and quality of the model was satisfactory (Qua=2.86). These
results indicate that the TM model can be satisfactorily applied to estimate mean monthly
stream flow and potential runoff map in the arid regions of central Iran, too.
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Water balance, Water deficit, Water surplus
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Introduction

The reliable assessment of river flow
characteristics is basic for the
development of water resources. For a
few small basins there exist stream
gauging records of sufficient length to
make an accurate assessment of the water
yield characteristics. However, a vast
majority of small basins have either no
stream flow records or only a few years
of records. On the other hand, most
catchments have representative
meteorological records or records which
can be estimated from nearby
meteorological stations (Barkhordari,
2013). Consequently, the Thornthwaite &
Mather (TM) model was suggested for
the water balance assessment of the
temporal and spatial patterns of water
surplus and water deficit status (McCabe
& Wolock, 1999). In a research project in
north part of Iran, TM model was used in
12 basins in semi-arid climate of
Azarbayejan as well as North of
Khorasan province. Following collection
of data for temperature, precipitation and
average monthly discharge in theses
basins, Remaining parts of water balance
equation including: Actual
evapotranspiration and soil moisture
supply of basin in each month and later
month were estimated from TM model.
The model analyzed at 5% confidence
level. The results of the t test showed that
difference between observed and
estimated runoff, from model, was not
significant. Thus using the TM monthly
water balance model the series for mean
monthly discharge could be generated
(Mahdavi & Azarakhshi, 2004). In two
other research projects, TM model was
used with the help of remote sensing and
GIS in Nana Kosi and Devak—Rui
watersheds of India and compared runoff
calculation data of model with
observation data of hydrometric station. It
was found that the computed runoff
follows the trend of observed runoff with
underestimation, even if the model does
not match the observed maximum value
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and the Nana Kosi watershed undergoes a
period of moisture deficit during the
months of January—June; from July to
August the region has a surplus, which is
again followed by a period of deficit
(Singh & Hariprasd, 2003 and Jasrotia et
al., 2009). A water balance model for the
Roxo catchment's in Portugal was
developed based on field data and
satellite imageries. The model used the
TM method for analyzing the recent
(2001-2003) climatological records. The
amount of annual runoff from the
catchment predicted by the model was 29
million m*, which was accumulated in the
Roxo reservoir. Almost all the discharge
was contributed by the direct runoff and
the groundwater contribution was non
significant. A rainfall-runoff water
balance model at a meso level estimates
the total catchment runoff produced in a
watershed in a monthly time step. Such a
model investigates the contribution of
surface runoff to the total catchment
runoff. One of such models is based on
the TM method, which estimates the
amount direct runoff in the catchment by
taking into consideration the Water
Holding Capacity (WHC) of soil. The
WHC is characterized by two factors: soil
texture and type of land cover. Therefore,
for a successful implementation of the
model, it is required to prepare a soil
texture map, a land cover map, and then a
WHC map. Based on these maps, it is
possible to estimate the spatial and
temporal distribution of runoff flow in a
watershed (Sen & Gieske, 2005).

This study evaluates the utility of the
Graphical version of TM model with the
help of remote sensing, GIS techniques
and limited input data in predicting water
yields in one gauged watershed in the
arid regions of central Iran.

Materials and Methods

Study area

The mountainous Pishkouh watershed
with the area about 69235 ha is located in
the east of Yazd city, central part of Iran
(Fig. 1). This watershed is important for



ground water recharge of Yazd and Taft
cities. This area has been extended
between the longitudes of 53° 42' to 54°
09' and latitudes of 31° 33' to 31° 50
The altitude of the watershed varies from
1400 to 4044 m and average elevation is
2370 m above sea level. This area is
surrounded by mountains with a general
slope from East to West. The
Mediterranean climate predominates in
the area. Like any other parts of central
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average. The temperature reaches a
maximum of 40 °C in summer (i.e., July
or August) and a minimum of 5 °C in
winter (i.e., December). The mean annual
rainfall in the area is estimated to be 230
mm. The period from May to October is
very dry. The area is wet from the month
of November to April. In average, 85
percent of the total annual rainfall occurs
during this period. The highest amount of
rainfall occurs in December, while July

Iran, the area is much warmer and
receives less rainfall than the country

and August are the driest months.
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Fig. 1. Location of Pishkouh watershed

Research method were identified using hybrid method
(supervised & unsupervised
classification). (Fig. 2), shows land use
map of Pishkouh watershed that have
been prepared by hybrid method in GIS

(Barkhordari & Vartanian, 2012).

The base map of the study area was
produced using topography maps on a
scale of 1: 50000. Remote sensing data of
ETM+ acquired on 15 July 2007 were
procured. The satellite data were first
rectified, corrected and geo referenced to
the UTM projection system. Digital
image-processing  techniques  were
applied on the image, making use of
various image enhancement techniques in
order to bring out the desired
information.  Then the  watershed
boundary and drainage network of the
study area were delineated using
topography map and satellite imagery. A
field survey was made in order to collect
the training sets for preparation of a land
use/land cover map of the study area.
During the field visit, actual ground
conditions were verified and training sets
were marked for different land uses. Five
different land use/land cover features
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Fig. 2. Land use/land cover map of the study area



llwis 3.3 GIS software was used for
digital image processing operations such
as image rectification and classification.
The relative area for different land use
features include: shrub land (range land)
87%, agricultural land 1%, orchard 8%,
river 1.4%, settlement 2.6%. A soil
texture map of the study area was
prepared using a soil map of previous
study by Organization of Forest and
Rangeland (2004) and a limited field
checks. Three different soil textures,
namely loam, sandy loam and loamy
sand, were identified within the study
area. The mean monthly precipitation,
temperature and observed runoff for the
period January 1973-December 2009
were collected from related offices.
Graphical version of TM model
downloaded from the internet at
http://water.usgs.gov/lookup/get?crresear
ch/mms/thorn has been used in this study
(McCabe & Markstrom, 2007). The TM
model was used to calculation the water
balance of watershed from rainfall and
temperature data. The runoff calculation
from the TM model was used to prepare a
runoff potential map.

The TM water-balance model

The TM model has the advantage of
being one the simplest models. It can be
used to determine a general estimate of
the water balance regime, for individual
field to small watershed (McCabe &
Markstrom, 2007). Inputs to the model
are monthly P and T (Fig. 3). Potential
evapotranspiration (PET) is calculated
from monthly T using the equation that
was presented by Hamon in 1961. The
Hamon equation is (Equation 1):

PETyamon = 13.97dD*W,
Where:

PETHamon= IS Hamon PET mm per
month;
d=is the number of days in a month;

(Equation 1)
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D= is the mean monthly hours of daylight
in units of 12 hours (average day length
over the month); and

W= is a saturated water vapor density
term calculated by (Equation 2):

a 95.&::':'-':'511':'

W, =— - (Equation 2)

Where:

T=is the monthly mean temperature in
degrees Celsius (°C).

In this study, PET was set to zero when
mean monthly temperature was -1°C or
lower. This model has been used

Temperature (T) Precipitation (P)

AN
l N
AY \\
\
\ \\
Potential \\ AN
evapotranspiration S
(PET) N \
\ Y
SN0 (P~ ¥
N
acual Snowmelt | Rain (Pax)
ctual (M)
evapotranspiration Snow
po(AETP} T storage Direct runoff (DRO)
(snostor)

Surplus runoff (RO)
—_—

Soil-moisture storage capacity (STC)

Soil-moisture storage (ST)

successfully to estimate monthly and
annual PET for various parts of the world
(McCabe & Markstrom, 2007).

Fig. 3. Diagram of the TM water-balance model
(Thorentwaite, 1948)

In the TM model, when P for a month is
less than PET, actual evapotranspiration
(AET) is equal to P plus the amount of
moisture that can be removed from the
soil. The fraction of soil-moisture storage
that can be removed decreases linearly
with decreasing soil-moisture storage;
that is, as the soil becomes drier, water
becomes more difficult to remove from
the soil, and less moisture is available for
AET. When P exceeds PET in a given
month, AET is equal to PET. Water in
excess of PET replenishes soil moisture


http://water.usgs/

storage. When soil-moisture storage
reaches field capacity during a given
month, the excess water becomes surplus.
In a given month some percent (ROxsc) of
the total surplus becomes runoff (McCabe
& Markstrom, 2007) (Equation 3).

Q =5*ROq,, (Equation 3)

Where

Q = the monthly runoff
S =the surplus.

ROtac= runoff factor

The remaining surplus is carried over to
the following month. For each part of
watershed  the  soil-moisture-storage
capacity (water-holding capacity WHC)
and the percent of surplus that becomes
runoff in a month (runoff factor, ROxac).
The WHC of soil depends on soil texture
and type of vegetation grown on the
surface. Different soil textures have
different capacity to hold water per unit
depth (TAM). At the same time, different
vegetation types have different root
depths where water can be stored. Hence,
WHC in the area can be determined by
multiplying  TAM of the soil by
corresponding root depth of the
vegetation grown over there, which is
shown in Table 1.

In some locations, such as the arid
regions of the central Iran, much of the P
occurs during only a few short-lived P
events. Many of these P events produce
runoff immediately. Thus, the
methodology of subtracting monthly PET
from monthly P used in most water-
balance models exaggerates the effects of
PET on water inputs for these regions. To
account for this, in this study a PET
factor (PETfac) was used to modify PET
so that the fraction of total monthly PET
that could affect the water input during
short-lived P events could be estimated.
The PETtc was determined for Pishkouh
watershed through model calibration. The
snow accumulation and melt model used
in this study is based on concepts often
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used in monthly water-balance models
(Barkhordari, 2013). The occurrence of
snow is computed as (Equation 4):

SN =
P’TEETS'?‘!D“'
Trnin — T}
P( e )J'Tsnowd:Tﬂd:Trrzin

Train ~Tenow

DJ‘ Trz = Trr.zin
(Equation 4)

Where

SN=is monthly snow fall (mm);

P=is monthly precipitation (mm);

Ta is monthly air temperature in degrees
Celsius (°C);

Train IS a threshold above which all
monthly precipitation is rain; and

Tsnow IS @ threshold below which all
monthly precipitation is snow. Between
Trin  and Tsow the proportion of
precipitation that is snow or rain changes
linearly (McCabe & Markstrom, 2007).

If snow occurs in a given month, it is
added to the snow pack, and is subject to
melt if conditions are such that melting
can occur. Thus, for some cases, snow,
rain, and snow melt can occur in the same
month. For this study, Tsnow and Train
were determined for Pishkouh watershed
through model calibration. Snow melt is
computed as a fraction of the snow
storage by (Equation 5):

0,7 =T

o — FROW
T, —T.o
MF = MF, . (%), y

rzin SROW

MF, T,=T,

max* ta — *rain

Where

MF is the fraction of snow storage that
can be melted in a month. In the past, the
maximum fraction (MFmax) of snow
storage that could be melted in a month
was set to 0.5 (McCabe & Markstrom,
2007).

= Trz = Trrzz':



Results and Discussion

In this study, MFmax was determined for
Pishkouh  watershed through model
calibration. The fraction of snow storage
that can be melted in a month increases
from 0 to Tsnow t0 MFmax and above Tain.
Table 1 shows results of parameters
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calibration for Pishkouh watershed
(Barkhordari, 2013). Table 2 shows
computation of water holding capacity in
the root zone area, available water
capacity (AWC) for different land uses
and soil textures.

Table 1. Sensitivity range and optimal values of model parameters

Parameters of TM Water Balance Model

Parameters

Train Tsnow P ETfac Rofac M Fmax

Sensitivity Range -5t0 15 -20to 0 Otol Oto1l Otol
Optimal Value 12 -1 1 0.04 0.25
Ref. (McCabe & Markstrom, 2007)
Table 2. Computation of available water capacity (AWC)
Land Use Soil Area AWC Rooting AWC of

Texture (ha) (%volume) Depth (m) Root Zone (mm)
Agriculture Sandy loam 134.9 15 0.4 60
Agriculture loam 535.4 20 0.75 150
Orchard Sandy loam 2300.6 15 1 150
Orchard loam 2790.0 20 1.2 240
Orchard Loamy Sand 339.6 10 15 150
River Sandy loam 209.5 15 0.2 30
River loam 385.3 20 0.3 60
River Loamy Sand 266.4 10 0.6 60
Settlement Sandy loam 216.1 15 0.3 60
Settlement loam 166.2 20 0.75 150
Settlement Loamy Sand 62.7 10 0.6 60
Rangeland Sandy loam 35296.9 15 0.2 30
Rangeland loam 21078.2 20 0.4 60
Rangeland Loamy Sand 2799.9 10 0.6 60

In this study a model has been run for
different water holding capacity (WHC)
and some other parameters that have been
shown output of model on the outside
Table 2. It can be seen from Table (3)
that the annual deficit is minimum for
orchard and agricultural land (439 mm)
followed by settlement/river (440.3 mm)
and Shrub land (467 mm).The annual
surplus exist just for shrub land (26.4
mm). The maximum annual runoff results
from the shrub land (37 mm) and
decreased for other land uses (10.5 mm).
The area-weighted total runoff from
Pishkouh watershed was calculated as
10.2 mm from the total precipitation of
230 mm. It gives a great deal of

information regarding the water balance
of Pishkouh watershed.

Besides showing the seasonal pattern
of precipitation, actual evapotranspiration
(AET), potential evapotranspiration
(PET) and runoff, it indicates the periods
of moisture deficit, soil moisture recharge
and soil moisture utilization.

The moisture deficit indicated that
plants were under some stress during that
period, indicating the need for irrigation.
The area is relatively dry in the months of
May-October. Soil moisture recharge
takes place from November to April. The
period of water surplus is from February
to April.
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Table 3. Average monthly water balance computation for all the land use features (Barkhordari, 2013)

Parameters Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Total
Shrub land , available water capacity (AWC=30)

Soil Moisture 22 30 30 30 0 0 0 0 0 0 0 6.8 1188
Snow storage O 94 0 0 0 0 0 0 0 0 0 0 94
AET 18 18 28.3 43 47 43 12 06 03 32 82 20 192.1
Deficit 0 0 0 0 24 92 116 100 73 42 20 0 467.0
Surplus 0 32 205 27 O 0 0 0 0 0 0 0 26.4
Runoff 15 29 131 93 43 19 09 05 02 03 05 15 370
Settlement and river (AWC=60)

Soil Moisture 5.8 22 33 53.6 56 0 0 0 0 0 0 6.8 177.2
Snow storage O 94 O 0 0 0 0 0 0 0 0 0 9.4
AET 18 18 28.3 43 67 10 12 06 03 32 82 20 217.8
Deficit 0 0 0 0 33 86 116 100 73 42 20 0 440.3
Surplus 0 0 0 0 0 0 0 0 0 0 0 0 0
Runoff 15 13 21 24 09 02 01 O 0 02 04 14 105
Agriculture land (AWC=150)

Soil Moisture 23 34 546 57 37 14 33 11 06 04 04 7.1 2325
Snow storage 0O 94 0 0 0 0 0 0 0 0 0 0 94
AET 20 83 34 08 28 12 271 37 43 28.3 18 18 218.6
Deficit 0 0 0 0 33 69 105 98 72 42 20 0 439.0
Surplus 0 0 0 0 0 0 0 0 0 0 0 0 0
Runoff 15 13 21 24 09 02 01 O 0 02 04 1.4 105
Orchard (AWC=240)

Soil Moisture 27 38 584 61 47 29 15 89 6.2 51 47 11 311.3
Snow storage 0O 94 0 0 0 0 0 0 0 0 0 0 94
AET 18 18 28.3 43 31 22 15 7 3 43 87 20 218.3
Deficit 0 0 0 0 40 74 101 94 70 41 19 0 439.0
Surplus 0 0 0 0 0 0 0 0 0 0 0 0 0
Runoff 15 13 21 24 09 02 01 O 0 02 04 14 105

A statistical comparison of the estimated
and the measured stream flow is
summarized in Table 4, This shows the
mean monthly and mean annual
estimated and measured stream flows, the
correlation coefficient between measured
and estimated stream flows, the mean
monthly and annual percentage error of
estimation and the 90% confidence
interval for the mean stream flow. The
months of December, June, July,
September and October showed the
highest correlation coefficients between
measured and computed stream flow.
These months also had the highest
percentage error of estimation. Because
of these two reasons, the correlation
coefficient alone apparently cannot be
considered an accurate indicator of a
satisfactory estimation. On a monthly and
annual basis, the method provides

conservative estimated values. It is
important to point out that the months
associated with the dry season (May-
October) showed the most conservative
estimations, and at the same time they
match very well with the pattern of
measured values. Table 5 shows the
complete output from a run of the
averages of 35 years of data with
calibrated model parameters for the
Pishkouh watershed.
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Table 4. Comparison of observed and simulated runoff on Pishkouh watershed

Months Observed Runoff (mm) Simulated Runoff (mm) 90% CI™ Error (%) R?
Average SD Average SD Min  Max
Jan. 1.10 0.35 1.05 0.240 1.30 0.98 -8.61 0.63
Feb. 1.50 0.36 1.30 0.185 1.69 137 -1461  0.49
Mar. 1.54 0.38 1.35 0.210 171 137 -10.66  0.37
Apr. 1.50 0.37 1.40 0.190 167 134 -6.55 0.44
May 1.10 0.26 1.15 0.205 1.22 098 4.96 0.47
Jun. 1.23 0.96 0.85 0.355 1.67 0.80 -20.01  0.87
Jul. 0.66 0.30 0.55 0.230 0.79 0.52 -10.48 0.74
Aug. 0.43 0.19 0.35 0.145 052 0.35 20.04 0.57
Sep. 0.31 0.11 0.20 0.100 0.36 0.27 -34.87  0.72
Oct. 0.41 0.45 0.20 0.215 062 0.21 -46.60 0.76
Nov. 0.64 0.38 0.65 0.225 0.81 047 2.01 04
Dec. 1.15 0.39 0.95 0.255 1.32  0.97 13.01 0.72
Year 11.65 2.45 10.19 1.440 12.76 10.55 -12.55  0.51

SD: Standard Deviation, R% correlation coefficient

90% CI: 90% confidence intervals for measured stream flow

In addition, in this study optimization
method developed by Vandewiele et al.
(1992) is employed to quality evaluation
of the proposed model. This quality
evaluation method is a powerful global
optimization technique, originally
designed to deal with the peculiarities
encountered in the conceptual watershed
model calibration. It can be seen that the
computed runoff follows the trend of
observed runoff with underestimation,
even if the model does not match the
observed maximum value that were used
by Vandewiele et al. (1992), Barkhordari
(2013) and Mahdavi & Azarakhshi
(2004). For assessing the quality of the
model in calculation of monthly
discharge have been used 35 years
observation data (1973-2009) and
following (Equations 6 &7):

Where
Qua=0.cv / M.cv (Equation 6)
CV=S/q (Equation 7)

Qual is model quality,

O.cv is observed runoff coefficient of
variation;

M.cv is calculated runoff coefficient of
variation.

For evaluation of model quality (Qual), If
Qual <2, 2<Qua<3, 3<Qua<4 or Qual >4
can take into week, satisfactory, good or
excellent respectively (Vandewiele et al.
1992). The calculated data were
compared with 35 years observation data

which showed quality of the model was
satisfactory (Qua=2.86) that is same
approximately as results of Mahdavi &
Azarakhshi (2004) in north part of Iran,
too. The results of other researches about
application of TM model for simulation
of watershed potential runoff in India
with tropical climate (by Singh &
Hariprasd, 2003 & Jasrotia et al., 2009)
and in Portugal with semi-arid climate
have had same satisfy conclusions then
can accepted results of this research , too.
(Fig. 4), has been compared monthly
simulated and observed runoff data as
graphical representation.
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Table 5. Summary of the P, PET, AET and runoff for Pishkouh watershed (mm)

Parameters Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Total
P 349 399 414 481 178 454 12 067 028 34 87 285 2300
PET 183 18 283 429 707 959 117 101 73 45 28 203 6581
AET 183 18 283 429 699 43 12 06 03 32 82 203 2154
Runoff 105 13 135 14 115 085 055 035 02 0.2 0.65 095 102
Runoff potential map Conclusions

The thematic map of land use/land cover
and soil were crossed. Then runoff was
calculated for each land use/land cover
and soil texture classes using the water
balance calculations method as suggested
by Thornthwaite (1948).The calculation
of average annual runoff for different
land use and soil class from the study
area is given in Table 2. The annual
values of each land use and soil texture
class were obtained from the available
water capacity of each class using the TM
model. The runoff value calculated from
the TM model was used in GIS to
generate the runoff potential map (Fig. 5).
The runoff potential map was classified
into low and moderate runoff potential
zones. More than half of the area (i.e.
54%) is dominated by medium runoff
potential zones, where as low runoff
potential zone covers an area of 46% and
the suitable zone for selecting rainwater
harvesting structure i.e. moderate runoff
potential zone covers an area of 54% of
Pishkouh Watershed.

31°40'00.00"N

10.5 mm: Low
2 37 mm: Medium o — m— ]
0 1000¢

53°50'00.00"E 54°00'00.00"E

Fig. 5. Runoff potential map of the study area

The study of water balance using the TM
model with the help of remote sensing
and GIS was found to be very helpful in
determining the periods of moisture
deficit and moisture surplus in an arid
region like the Pishkouh watershed. The
water balance model shows that an
annual deficit is 442.7 mm and the annual
surplus is 26.4 mm. Pishkouh watershed
undergoes a period of moisture deficit
during the months of May to November.
The region has a surplus, which is again
followed by a period of deficit. Such
studies can be very beneficial for the
local population, who can decide their
crop calendar and irrigation requirements
based upon the periods of deficit or
surplus. Water conservation measures can
also be planned efficiently in advance
based upon the duration of deficit and
surplus. The total runoff from Pishkouh
watershed was calculated as 10.2 mm
from the total precipitation of 230 mm for
the study period. The method was tested
by comparing observed and predicted
runoff over a 35 water-year period. The
study shows that this method provides
mean annual and monthly estimates in
close agreement with measured values.
Generally these mean estimated values
fall between the 90% confidence intervals
for the measured runoff and quality of the
model was satisfactory (Qua=2.86). Thus
using the TM model, the series for mean
monthly discharge could be generated.
Since the study of water balance using
the TM model with the help of remote
sensing and GIS was found to be very
helpful in determining the periods of
moisture deficit, moisture surplus and
estimate mean monthly stream flow and
potential runoff map in the arid regions of
central Iran, too.



Acknowledgements

This paper was made possible thanks to
the support of Water Resources
Management of Iran and Department of
Geography & Geology, Yerevan State
University. We would like to thank the
anonymous referees for providing
positive comments.

Literature Cited

Barkhordari, J., 2013. The Calculation of
potential Runoff and Selection of the Sites for
Underground Dams in Yazd region of Iran (with
use of RS, GIS and DSS), Ph.D. thesis, Yerevan
State University, P.151.

Barkhordari, J. and Vartanian, T., 2012. Using
Post-classification Enhancement in Improving
the Classification of Land use/cover of Arid
Region (A case study in Pishkouh watershed,
Center of Iran). Jour. rangeland science, 2(2):
459-465.

Hamon, W. R., 1961. Estimating potential
evapotranspiration:  Jour. the  Hydraulics
Division, Proceedings of the American Society
of Civil Engineers, 87: 107-120.

Jasrotia, A.S., Majhi, A. and Singh, S., 2009.
Water Balance Approach for Rainwater
Harvesting using Remote Sensing and GIS
Techniques, Jammu Himalaya, India. Water
Resource Manage, DOI: 10.1007/s11269-009-
9422-5,p

Mahdavi, M. and Azarakhshi, M., 2004. A
determination of an appropriate monthly water
balance in small watershed of Iran. Natural Res.
Jour, Iran, 57(3): 415-427, (In Persian).

McCabe, G. J. and Markstrom, S. L., 2007. A
monthly water-balance model driven by a
graphical user interface: U.S. Geological Survey
Open-File report, 1088, P.1-6

McCabe, G.J., and Wolock, D.M. 1999. Future
snow pack conditions in the western United
States derived from general circulation model
climate simulations: Jour. the American Water
Resources Association, 35 (1): 473- 484.

Organization of Forest and rangeland, 2004. Soil
survey of Pishkouh watershed, Report of
Natural resource office in Yazd, unpublished,
P.80. (In Persian).

SimpS'PIEMEr &SRt Aregistered Version - hitp:/mww.simpopdEResiment of -/ 92

Singh, R. K. and Hariprasd, V, 2003. Remote
sensing and GIS approach for assessment of the
water balance of a watershed. Hydrological
Sciences Jour. Des. Sciences Hydro., 49(1):
131-141.

Sen, P. K. and Gieske, A, 2005. Use of GIS and
Remote Sensing in Identifying Recharge Zones
in a semi-Arid Catchments: A case Study of
River Basin, Portugal. Jour. Nepal Geological
Society. 31: 25-32.

Thornthwaite, C. W, 1948. An approach toward a
rational classification of climate: Geographical
Review, 38: 55-94.

Vandewiele, G. L., Chong XU, and Ni-lar-Win.,
1992. Methodology and Comparative Study of
Monthly water Balance Models in Belgium,
China, Burma, Jour. hydrology, 43: 317-347.



Simpo PHEMERHEANY Sifittuifeybreli%/ersion - http:/www SpRHEREppmsar Yazdi /93

SleMb| giwaw g yho-Caly oy Jdo S b ol s aibble b,
—03 bl 09y jusul 039> 16090 anlllae) SiS adlie yo (bl

(ol !
C 603 sl yrol e F6 10,95 p I

Sg s Cany (Jommo 00)R) Gl 0p b mbe g 6ilaS Olidx e olde chs gac
Barkhordari@alumni.itc.nl
ol (Ful o ojlw g LS Lol oy 35 50 (i 9 b0kl ®

WWAONYY iedl o &,
\WAY/QIYA o mds & yb

-0 S399 e Olalhae g (>1yb 50 1 5T (o yioge 3 (S 0592 dilale (BT LouS
I i 3 i o1 0 (6 503l gloools WBl T sloojez I (g sleams by
3% 0903 3591 3 0395 T D (2525 G 31 eoliswl L 1 dilale (oo bawgio Glgi o
ol Loy s b 098y 5l 0392 50 yoko il i ygf wilalo T Dy Jo 31 iz o
9 Py Olpdi dmwlxo gl 039> T Dl gy I w0 )F eoliswl o oyline! S
039> 21 oy axdllae .l 0033 45 oolisiw! (2T @sbio yigs o o Sy 33l Gllgy S
Silo 9 SgmeS (slroygd (pmni )0 (LS CleMbl piwonw g 590 3 imiw 3l eslaiwl b
FEYIY 0)9> a¥lw Cughby SganS a5 818 L Gl oyl gl 09 walgs yao sluws of
2olio ol (IS Heb 4 .allioo yio o YR/ (i)l Jad 5o 059> ol5lo llg, 9 yondno
oy 5 S0l llyy glosls 7+ yloabl Abols cyms suus 33T s ailale bily ) Laawgie
o) b (oo (QUAIY/AF) ity culdy Joo CondnS g ol ailils )48 (6 309 0 o iusy]
Ol ol buwgin 35y jgline 4 (ilgi g0 e Culy i yg8 Joo 45 wBS o0 oyl i

35S 5 ool 5550 oyl yl (635 0 Sis Bblin , ol bily ) aitis 3 ailale

oo S ly b ygi Jow ¢ o bl i SleMb| i 09Ky Juss] 0395 1(gudS WlodS


mailto:Barkhordari@alumni.itc.nl
mailto:Barkhordari@alumni.itc.nl

Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com



