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ABSTRACT  
 
 The study area, with a total surface area of about 1200 Km2 is a part of the Gharachairivet basin (Sharra 
plain). It is located at about 50 Km East of the city of Hamadan, Iran. The study area falls in the cold 
steppicagroclimate zone with very cold winter and mild summer. The area has a Mediterranean type of rainfall, 
characterized by a rather wet winter (mainly as snow) and a dry summer. The Sharra river is one of the main 
tributaries of the Gharachai river flowing into the Ghom lake, located at about 150 Km south of Tehran. The 
average annual discharge of the August is about 6.54 m3 /s.  
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 The land use is concentrated mainly on the upper 
piedmont and foot-slopes of the mountain landscape. 
It includes rain-fed and irrigation agriculture (rain-
fed agriculture is barley and wheat, but irrigated 
agriculture is wheat, barley and alfalfa). Irrigation 
lands lay along the Sharra river banks stretching 
from South to Northern part of the study area. 
Around 98% of irrigation water depends on 
groundwater resources. Therefore, there is a high 
pressure on groundwater, and groundwater table is 
dropping down year after year. Many deep and semi-
deep wells are excavated without being properly 
planned. The valley' (20000 hectares) includes saline 
and alkaline soils which are completely unsuitable 
for agriculture. The ultimate goal of the research is to 
evaluate the soil and water resources by using GIS 
and field work surveying. Soil map was prepared by 
aerial photo interpretation, followed by a fieldwork 
surveying and checking soil profiles and other maps 
and reports by the Iranian Organizations such as Soil 
and Water Research Institute. To carry out a general 
soil evaluation, the parametric approach was used. 
For water evaluation, first the hydrology of the area 
is described. Rainfall was statistically analyzed. 
Surface water and runoff coefficient were determined 
using a number of known methods (SCS's method) 
and water demand was calculated. 
 Mean annual precipitation and 
evapotranspiration were calculated. The groundwater 
recharge and discharge were determined using a few 
known methods (groundwater table depth 
fluctuation). The west part of the study area has a 
higher potential recharge of groundwater than the 

other parts. The overall results of this study are 
hopefully sufficient encouraging ret planning and 
evaluation for a sustainable development project, 
where soil and water resources must receive the 
highest attention. 
 In many places in Iran, lifting water from rivers, 
for instance, is a traditional means of supplying water 
to irrigate areas along river banks. In hilly areas, 
where river channels are relatively steep, it is a 
common practice to redirect water via a channel 
taken along the hill side.  
 Normally, water removed from underground 
aquifer can be replaced by natural recharge, but 
extensive well system may withdraw enough water to 
exceed the replacement. On the other hand the large 
population increase and as a result a higher demand 
for agricultural products lead to a steadily increase in 
the use of natural water resources for irrigation and 
non-agricultural purposes.  
 The clear inter-relationship between water and 
agricultural development in a semi- arid region as the 
study area is highlights the importance of carrying 
out comprehensive studies on the evaluation and 
analysis of these resources.  
 Accordingly, the following soil and water related 
problems need to be investigated and taken into 
account in any development plan for the study area.  
- Low precipitation  
- Uneven distribution of rainfall  
- High evapotranspiration  
- Salinity / alkalinity  
- Mismanagement of water and soil resources  
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 The focus of this research is to evaluate soil and 
water resources with an emphasis on the availability 
and demands for water and to determine water 
budgets for a sustainable development planning. The 
basic idea of sustainable development is simple in 
the context of natural resources and environments, 
that is, a given stock of resources, soil quality and 
water, etc. - should not decline through time. This 
research combined with monitoring may help 
planning and management of such resources, which 
make the study of various landscape elements, land 
use, soils, etc. as well as their interrelationships 
possible, especially in medium and small scale 
surveys. Geographic information systems offer 
powerful capabilities for the integration of data 
collected in different surveys. 
 The ultimate goal of the study is to evaluate the 
soil and water resources of the whole region. In the 
present study, which covers only a part of the whole 
district, it is intended to demonstrate methods which 
can later be expanded and used to cover the whole 
district. 
 
Materials and Methods  
 
 Evaluation of soil and water resources requires 
data on hydro-geoclimatic,  
 The data were analyzed andthe soil map was 
prepared through interpretation of the air photos and 
the topographic map at scale 1/50000.  
 The land use map was obtained by using Arc 
Gis9 Landuse/landcover map was prepared through 
manual interpretation of the surface area was 
estimated for irrigated lands and wheat, barley and 
alfalfa which are the main crops in the study area. 
 Data were analyzed for hydrology, climates for 
estimation of water demands. Water availability was 
estimated using precipitation, runoff and 
groundwater. The results were analyzed and 
discussed as soil and water evaluation 
 
Geography Location region: 
 
 The study area, with a total surface area of about 
1200 knr', is a part of the Gharachai river basin 
locally called "Sharra plain ". It is-located at about 
50km East of the city of Hamadan, administratively 
belonging to the Hamadan and Central provinces. 
The area lies approximately between 48° 55' and 49° 
13'E longitudes, and 34° 35' and 35° 05'N latitudes, 
with an average altitude of 2050 meters above sea 
level (Fig. 1).The Hamadan region falls in the cold 
steppicagro-climate zone with very cold winter and 
mild summers. Four clear seasons, are distinguished 
asfollows:  
 There is no meteorological station with long 
period data recorded in the study area. The nearest 
station with similar environmental condition to the 

area is the Hamadan (Airport) station. This synoptic 
station is presented as reprehensive climate of the 
study area. The area has a Mediterranean type of 
rainfall, characterized by a rainy winter and a dry 
summer. The amount of annual rainfall is low and 
most of it occurs in winter, between October and  
 March.the mean annual rainfall is about 305.9 
mm, falling between the first days of October of one 
year to the last day of May of the following year.  
 
Results and Discussion 
 
 The results of ETo which were calculated by 
different methods such as Blany-Criddle, Penman- 
Monthieth, Penmam modified, Thornthwaite and 
comparison of Pan class A are different. Because of 
lack of Pan Class A data for the (airport) Forudghah 
station, the nearest station with rather similar 
climatic conditions is the Khomeyghan station which 
was selected for the sake of comparison with the 
calculated values of ETo for the (airport) Forudghah 
station. When the ETo values in Table 1 are 
compared with the Pan class A value, it seems that 
value ETo obtained from the Thomthwaite is under-
estimated and the value obtained from the Penman 
modified is over-estimated. The values of Blaney-
Criddle and Penman- Montieth seem to be more 
acceptable and logic for our purpose. As mentioned 
before, there is a computer program for Penman-
Montieth method, which was used in this study for 
computation of crop water requirement.  
 It remains difficult to state which approach is the 
best in giving the "real" evapotranspiration, for the 
simple reason that it is very difficult to define the 
"real ET", because of the complex atmosphere, soil 
and plant relationships. (Fig 2 & 3). The amount of 
evapotranspiration was calculated by the Blaney-
Criddle formula for each stations and the average 
evapotranspiration was determined by Thissen 
polygon method the results .are indicated in Tables 1 
& 2.   
 
Water Availability: 
 
 Water availability includes precipitation, surface 
water (runoff), river and groundwater (springs, 
qanats and wells). Water supply is an important 
constraint in both local and regional planning for 
urban and rural areas. A planner often needs to know 
the total amount and seasonal timing of water 
availability at a site. These considerations affect first 
of all the amount of water that can be used for 
drinking, irrigation, or industrial use. Consumptive 
use is that part of the water intake that is unavailable 
for further use because it is evaporated. The largest 
consumptive user is the irrigated agriculture. 
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Fig. 1: The Location map of the study area. 
 

 
Fig. 2: Evaporation Surface from ground water  Fig 3: Ombro thermic curve of Hamadan. 
 
Table 1: Comparison the obtained results ETo by using different methods with Pan class A 

 
 Most of the consumptive use is from irrigated 
fields in the semi-arid area such as the study area. It 
is a heavy drain on the stream flow and groundwater 
resources of the area and especially recent 
exploitations have produced an imbalance that 

cannot be sustained by the regional hydrologic cycle. 
We have reviewed and estimated the water 
requirement for irrigation lands, crops and population 
(human and animals).  
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Table 2: Calculation of evapo-transpiration for the study area by Thisse polygon methods. 

 
 The water is stored and transmitted through the 
hydrologic cycle. The water is held temporarily in, 
and can therefore be drawn from the groundwater 
system and stream channels. Surface water (runoff) 
and groundwater in the study area will be dealt with. 
The topic of water supply, therefore, includes the 
whole field of artificial impoundments, their design, 
management, and environmental impact, which they 
need more surveying and assessment in the 
estimation of available water resources. At first for 
estimation of available water, it is necessary to 
analyze the precipitation data. The data from the 
meteorologic stations in the region both inside and 
outside the study area were used. The precipitation is 
the major factor controlling the hydrologic cycle of 
an area. Most of the process taks place in the area 
such as erosion, soil moisture change, flooding, etc., 
depend upon rainfall. Therefore rainfall 
characteristics in terms of spatial and temporal 

distribution, correlation rainfall with elevation, 
amount of rainfall, correlation of rainfall with 
surrounding stations, etc., need to be considered for a 
better understanding of the hydrologic process. 
 
Hydrological Analysis: 
 
 The study area falls in the 
coldsteppicagroclimate zone with cold winter and 
mild summer. Because there are no rain-gauges in 
the study area, we had to use rainfall data obtained 
from eight nearby meteorological and rain gauges 
stations, namely (airport) Forudghah, Hamadan, 
Nozheh, Dargazin, Khomeyghan, komidjan, Nashar, 
Ekbatan dam and the Ghahavand, which is the only 
rain gauge station with a short period of data inside 
the study area. The annual rainfall data (averaged for 
a period of 20 years were obtained from the Tehran 
pazhouhesh report.  

 

 
Fig. 4: General geological map pf study area. 
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Table 3: Information about Climatologic station in the study region. 

 
 
Table 4: Mean monthly rainfall for nine stations in the period of 1964-1983. 

 
* The data for stations were obtained from Abin consulting Eng. report 1989. 

 
 As shown in Table (4) the study area receives 
most of this precipitation in the winter and spring. 
The winter precipitation mainly consists of snow, but 
in the spring there are heavy storms with short period 
leading to runoff. The summer with minimum 
precipitation is the driest period in the year and the 
soil is facing shortage of water. 
 
Rainfall correlation analysis: 
 
 As already mentioned eight stations outside and 
one inside (Ghahavand) the study area were used to 
analyze the rainfall. The correlation was done by the 
ArcGis9 software using the regression program. The 
results are shown that there is a good correlation 
between the data from the five stations of Dargazin, 

Ekbatan, (airport) Forudghah, Khondab and Nozheh. 
It also shows that the correlation between the other 
four stations namely Ghahavand, Komidjan, Nashar 
and Khondab is acceptable. The high correlation 
between the stations indicates that the stations are 
well distributed and that the data are representive.  
 Therefore the correlation coefficient between the 
two close stations, considering also the location 
conditions is very high. The period of data recording 
for three stations is 18 years, and for the other ones 
20 years. So the ratio method was used to determine 
the unknown data for the missing two years (1982 & 
1983), because similar period must be used for data 
analysis. The formula to determine the two years for 
the three stations (Nashar, Ghahavand and 
Komidjan) is:  

 



514 
Adv. Environ. Biol., 6(1): 509-520, 2012 

 

 
 
 Then the annual rainfall data were obtained and 
extended for all 9 stations. The arithmatic average 
namely 307mm/year is accepted. For obtaining the 
average rainfall distribution (yearly and monthly) 
ArcGis9 program was used. (Table 5 and 6). 
 
Rainfall Trend analysis: 
 
 The variation trends for nine stations are the 
same. Applying a straight line trend to a rainfall 
series is correct. As can be seen in the obtained 
results many rainfall series have linear trends. Trend 

analysis for annual amount of rainfall for the nine 
stations with series of 20 years was performed and 
the results are presented in figures 5 and 6.  
 In order to choose a group of reliable historical 
precipitation data to be used in the analysis, long 
term series of rainfall were collected for applying 
double mass curve analysis similar curves, due to 
proximity, are found for all the stations vs. the 
Nozheh station; In this anaI the data from the stations 
were plotted vs. those the Nozheh synoptic station. 
This is for checking the accuracy of the data for the 
stations (Fig. 7 and Table 7).  

 
Table 5: Correlation netweenths stations.                   Table 6: Correlation between stations 

 
 
 

 
 
Fig. 5: Mass Curve of the stations for mean annual rainfall for study (1983-2003). 
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Fig. 6: Mass curve of the stations for mean annual rainfall in period (1983-2003). 
 

 
 
Fig. 7: Double Mass curve of the stations study of area. 
 
Surface water (Runoff): 
 
 Knowledge about  runoff generation is useful 
material for the planning process for several reasons. 
First, it provides background understanding for the 
computations of runoff. Second, it allows one to 
recognize those parts of a landscape that are likely to 
lie major contributors of either storm runoff or 
groundwater recharge, information about runoff 
producing areas is useful input to zoning regulations. 
Therefore would do well to familiarize them with 
and map these runoff producing zones using a 
combination of fieldwork and published maps of 

topography, soils, and land use. The nature of runoff 
in a region is a function of the hydrologic input to 
that region and the physical, vegetative, and climatic 
characteristics of that region.  
 
Ground Water: 
 
 The quantification of the volume and rate of 
flow of groundwater in various regions is an 
exceedingly difficult task because volumes and flow 
rates are determined to a considerable extent by the 
geology of the region. The character and arrangement 
of rocks and soils are important factors, and these are 
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often highly variable within a groundwater reservoir. 
An additional difficulty is the inability to measure 
directly many critical geologic and hydraulic 
reservoir characteristics. The saturated subsurface 
zone, contains the largest source of water which 
constitutes 98% of all water available in the area The 
contribution of groundwater to the total water supply 
is high in the study area. A considerable percentage 
of the agricultural productions depend entirely upon 
the wells, drilled in the last two decades especially 
after 1978. Exploitation of the groundwater needs a 
good planning. Increasing the wells and exploitation 
of groundwater in the wide spread region will 
damage this resource and eventually extinguish, 
which means the end of agriculture, and, let's not 
hope, a begin to desertification.  
 Groundwater occurrence in the Sharra plain is 
dependent on the tectonic setting, morphologic 
features, and lithologic aspects. These all favour 
percolation of infiltrated precipitation to the 
groundwater. The groundwater the study area 
depends mainly on the direct recharge from the 
precipitation. The piedmonts" are the intake areas 
also the mountains have their share. Mountains cover 
almost 20% of the surface area. Almost all streams 
are dry. Their water is partly lost as runoff and to a 
lesser extent through recharge, joining the 
groundwater. Indirect recharge may occur from the 
unlined canals and the few stream channels. 
  
A General Evaluation of Soil and Water Resources:  
 
Evaluation of Soils: 
 
 Unfortunately, nowadays, 25 percent of the 
cultivated land (in the world) is affected by soil 
degradation processes. About 20 percent of the 

irrigated lands have deteriorated because of 
hydromorphism, alkanization and salinization (Zinck 
et al., 1993). Agricultural development, 
environmental degradation and natural resource 
economics offer a large range of challenges and 
opportunities to create or mobilize soil information 
for sustainability of soil resource.  
 There are 33 soil map units in the study area the 
dominant soils are Calcixerollic Xerochrepts At the 
family level, the most dominant particle size classes 
are: fine (clayey) 29% of the area; fine loamy 27%; 
and loamy skeletal 20%. The mountainous part; 
which is about 24% of the surface area is not 
surveyed.  
 
Evaluation of water:  
 
 As Figure8 shows dry period is from June to 
September when evapotranspiration is higher than 
precipitation. This is just the growing period for both 
crops and pastures. Precipitation is higher than 
evapotranspiration during the winter months. 
 The contribution of groundwater to the total 
water supply is high in the study area. A considerable 
percentage of the agricultural products depend on 
irrigation. The largest source of water is groundwater 
(98%) in the study area. The August plays a role in 
draining the area. The groundwater body of the study 
area is replenished vertically by rainwater, excess 
irrigation water, and runoff stream and the surface 
water that percolates from the surface through the 
unsaturated zone to the groundwater body. It is 
discharged vertically by pumping, filtration as 
springs, qanat and drainage by streams and drainage 
ditches (Fig 9). 
 
 

 
Table7: The suitability of the soil map units for irrigation in the study area. 
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Fig. 8: Precipitation and Evapo-transpiration relationship in the study.month of April. The average precipitation 

is about 332mm calculated. 
 

 
 
Fig. 9: Discharge of groundwater recharge in the study area. 
 

 The fundamental law governing groundwater 
behavior is the groundwater balance as:  Sum of 
recharge components -Sum of discharge components 
= Change in storage. The results were obtained 
indicate the volume of discharge which is about 
210mm3 (depth of discharge 230 mm). The surface 
area of the aquifer is estimated at 9000 hectares. On 
the other hand, the volume of recharge is about 85 
mm3 with 71 mm depth.85 - 210 = - 125 mm3 

 Therefore, 125 mm3 is the amount extracted 
from groundwater without being recharged in other 
words that is the fossil groundwater, which must be 
sustained. On the other hand, farmers are encouraged 
to make the best use of their resource; this is 
understood as the higher the tonnage of the yield the 
better it is. The 125 Mm3 water deficits per year 
must be reduced partly by economising on water 
consumption, for example selection of the right 
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irrigation methods (e.g., sprinklers, driplet) and 
partly by artificial recharge and with a proper 
planning (Fig 10). 
 The obtained results indicate that the 
groundwater body is endangered. According to the 

groundwater fluctuation in the observationwell of the 
village of Shirinabad, the groundwater table dropped 
about 13 meters during six years (Fig 11). 

 
Table  8: Depth and volume of  Table9:  Volume and depth of groundwater discharge in the study area.  

 
 

 
 

Fig. 10: Recharge of the groundwater. 
 
 Compared with other sources within the natural 
environmental resources in the area, soil, water and 
pasture have not received attention concerning the 
planning, controlling, etc.  
 To be successful in the sustainable use of 
resources due attention must be paid to education, 
promoting people's knowledge in proper use of them. 
The target groups are not confined to farmers and 
cattle raisers, but anyone in the area, simply because 
everyone is user of soil and water resources. Among 
others, such organizations as the Water Department;  
 The main problem derived from the misuse of 
heavy agricultural machinery and chemical fertilizers 
(in an incorrect way) are the soil compaction.  
 A deep sub-soiling followed by applying animal 
manure is needed in order to form well developed 
aggregates and as a result to improve the oxygen 
especially in the fine-textured soils. 
 
Conclusion: 
 

 Considering the agricultural potentiality of the 
Sharra basin, soil reclamation should be given a high 
priority. Although not a new problem, soil 
alkalization and salinization is in progress partly due 
to a high level of saline groundwater table (= 5 m) in 
the valley. It is recommended to plan a proper 
programme to reclame the rather extensive saline and 
alkaline soils, which can then be used for better 
productions of barley, sugar beets, etc. On the other 
hand, the land improvement program should urgently 
do something with the misuse of the irrigation water. 
Proper planning and designs are required for the 
purpose of increasing yield per hectare so that the 
ongoing high pressure on land is decreased, avoiding 
further degradation of land.  
 The Sharra plain is a notable example of a region 
where the most developed agricultural lands has 
gained (in particular, under alfalfa) much benefit 
from groundwater exploitation, while the local 
effects were largely negative (there is high pressure 
on groundwater).  
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 The precipitation is the main source of recharge 
during the wet months from December to April, 

which was estimated about 20% of the total 
precipitation.  

 

 
 
Fig. 11: Groundwater fluctuation in observation well of the Shirinabad in period of (1991-2003). 
 
 The main recharge areas are Qtl and Qt2 
geologic formation, in the west and east of the study 
area. The potential recharge of the western part is 
higher than the eastern part due to coarse textured 
soil materials.  
 The irrigation efficiency is about 38% which 
indicates a poorly managed irrigation in the area. The 
percentage of recharge from the irrigation return flow 
was estimated at about 20%.  
 It is recommended that, in the future, 
groundwater exploitation and agricultural production 
in the study area be initiated in the form of aid 
programs, designed primarily to provide principle 
programs such as promotion, agricultural culture and 
service. These programs, would take over much of 
the work now carried out by related organizations, 
and would aim at assisting mismanaged exploitation 
of groundwater to achieve a locally controlled and 
locally operative agriculture management, fully in 
harmony with local developmental and 
environmental concerns.  
 The present exploitation of groundwater 
recourse pose serious hazard to the environment 
because of the very high pressure on it, and impacts 
the extension of agricultural lands in the future due to 
decrease of the volume of groundwater.  
 The licensing authorities should indicate and 
control the groundwater exploitation in the study 
area. Evaluation of groundwater required sufficient 
representativeness of available data to analyze the 
behavior of the natural system of groundwater.  

 The gas leakage inside the aquifer may be due to 
some tectonic movement in the southwest of the 
study area. It is suggested to survey for prevention of 
groundwater pollution.  
 In general, the evaluation of groundwater reveals 
results which justify the assumption that the decrease 
of groundwater table in the aquifer represents the 
serious hazard for water resource in the study area. In 
general, the applied method has proved to be 
valuable for the evaluation of the groundwater. The 
knowledge of soil/water relationship in the study area 
may also be improved with a good sampling of the 
soil dealing with such soil properties as moisture 
content, porosity and saturated conductivity 
measurements of soil profile at different layers. 
These are required if modeling of the groundwater 
(eg., SW A TRE) is involved.  
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