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Abstract 
Drought is the single most important weather-related natural disaster often aggravated by 

human action, since it affects very large areas for months and years and thus has a serious 

impact on regional food production, life expectancy for entire populations and economic 

performance of large regions or several countries. The Earth Observation satellites which 

include both geostationary and polar orbiting satellites provide comprehensive, synoptic and 

multi temporal coverage of large areas in real time and at frequent intervals and thus have 

become valuable for continuous monitoring of atmospheric as well as surface parameters 

related to drought. This paper presents a GIS and remote sensing based drought mitigation 

and preparedness planning by using watershed modeling approach in Saqqez watershed of 

Kurdistan province in Iran country. The land information in the watershed was derived from 

0.6m satellite imagery. Land use map and Digital Elevation Map was developed as the prime 

source of information on land characteristics of the watershed. To accomplish the task a 

number of Geographic Information System (GIS) models were developed as ETo Model, 

Actual ET Model, Rainfall Run-off Model, Groundwater recharge model, Grazing Potential 

and Rangeland Suitability Model. Modified FAO-24 Blaney Criddle Method was used for the 

development of GIS ET Model. Sacramento and Maxey-Eakin methods were used for 

Rainfall Run-off and Groundwater recharge model respectively. These  GIS-based hydrologic 

data models facilitated in evaluating alternative strategies to make the best use of available 

resources in severe drought conditions. 

Key words: Drought, GIS and remote sensing, natural disaster, Saqqez watershed of 

Kurdistan province in Iran. 

 

Introduction: 

In the recent years large-scale intensive droughts have been observed in all continents leading 

to huge economic losses, destruction of ecological resources, food shortages and starvation of 

millions people. Early detection of potential drought is important for the local government 

and people to take actions to protect their crop. Geo-stationary satellites provide continuous 

and synoptic observations over large areas on weather including cyclone monitoring (ATBD-

AST, 1996). Polar orbiting satellites have the advantage of providing much higher resolution 

imageries, even though at low temporal frequency, which could be used for detailed 

monitoring, damage assessment and long-term relief management (Becker and Z.L. Li, 1990) 
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(Berk et al., 1989). Advancements in the remote sensing technology and the Geographic 

Information Systems help in real time monitoring, early warning and quick damage 

assessment drought disaster (Colwell, 1974) (Cornette et al., 1994). In this research the use of 

remote sensing and GIS and the global scenario for the drought disaster management is 

discussed. In this study, an attempt is made to develop a drought mitigation and preparedness 

plan to provide tools to handle, store, and process water related data needed for assessing the 

spatial and temporal variation of drought severity. 

 

Study Area: 

Saqqez watershed is in kurdistan province in west of Iran country. Its geographic coordinates 

are (45° 26' 36" E - 46° 26' 46" E) and (35° 59' 22" N - 36° 23' 42" N). Its rainfall varies 

between 250 to 550 mm bottom-up. Average annual rainfall is 520 mm. Average elevation is 

1470 m . Climate is semi arid and cold. Stones are dolomite, lime, marl with gypsum, 

andesite, basalt, cinite, dasite and tuff in mountain part. In plain parts there are alluvial and 

calluvial materials from quaternary. There are 49 villages with 134 average populations (Fig. 

1). Pnahdan hydrometry station is in outlet of Saqqez sub watershed with 3269.86 Km2.  

 
Figure 1: Geographical position of Saqqez watershed. 

 

Methodology 

Drought is a normal, recurrent feature of climate and occurs in all climatic zones, although its 

characteristics vary significantly from one region to another (Jeyaseelan and Chandrasekar., 

2002). The drought prone area or risk zone identification is usually carried out on the basis of 

historic data analysis of rainfall and evaporation and the area of irrigation support. The 

conventional methods lack identification of spatial variation and do not cover man’s influence 

such as land use changes like irrigated area developed and the area affected due to water 

logging and salinity. In this research, for drought mitigation, Watershed modeling approach 

was used and for assessment by using a GIS application. Watershed modeling covers the 

inter-related land and water processes in the watershed. Water availability governs the land 

use. The land information in the watershed is derived from satellite imaging and 

supplemented by revenue record and field visits (Hook et al., 1992). Land use map so 

developed is the prime source of information on land characteristics of the watershed. The 

exact extent of agriculture and rangeland areas is shown on the land use map. Combined with 

other data such as rainfall, livestock, population etc the exact land water balance is known.  

Discussion 

Monitoring and assessment of drought through remote sensing and GIS depend on the factors 

that cause drought and the factors of drought impact. Based on the causative factors, drought 

can be classified into: a) Meteorological, b) Hydrological and c) Agricultural droughts (fig. 2). 
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Figure 2:  Sequence of Drought impacts 

 

A. Meteorological Drought 

This type of drought is often defined by a period of substantially diminished precipitation 

duration and/or intensity that persists long enough to produce a significant hydrologic 

imbalance. The commonly used definition of meteorological drought is an interval of time, 

generally of the order of months or years, during which the actual moisture supply at a given 

place 

consistentl

y falls 

below the 

climatolog

ically 

appropriat

e moisture 

supply 

(Jobin and 

Pultz, 

1996). 

 

B. Agricultural Drought 

It occurs when there is inadequate precipitation and/or soil moisture to sustain crop or forage 

production systems. The water deficit results in serious damage and economic loss to plant or 

animal agriculture. Agricultural drought usually begins after meteorological drought, but 

before hydrological drought and can also affect livestock and other agricultural operations. 

Data collection and transformation into a GIS system is usually a tedious undertaking. Data 

on climate, land use and topography was collected from multiple sources such as topographic 

maps, satellite images and data from weather stations. Following data was collected: 

 Elevation of Project Area from 20 m contours derived from 1:50000 scale maps. 

 Land use crop information from 0.6 meter satellite images and field visits. 

 Temperature, Wind Speed and Relative Humidity from weather stations. 

Digitized contours from 1:50000 scale maps were developed into a Digital Terrain Model 

with grid spacing of 0.25 meters, as shown in Fig. 3. This spacing was chosen based on 

1:10000 scale mapping accuracy required for the delineation of land use data. The recorded 

mean monthly temperatures at each weather station was used for  

Archive of SID

www.SID.ir



 
Figure 3:Elevation map of Saqqez watershed 

Regression analysis so that these parameters can be derived for all elevation values. For 

example, for the month of August following relationship was derived: For Temperature: y = -

0.007x + 37.693 where x is elevation in meters and y is temperature in Celsius. All maps were 

developed for the whole year, but due to space limitations only Jan. and July maps are shown 

in Fig. 4. 

 
Figure 4: Temperature Maps of Saqqez watershed 

The above maps were algebraically overlaid according to Blaney Criddle equation to produce 

ETo for each grid cell (Ottle and Stoll,1993) (Prata, 1994) (Scofield et al., 1995). Typically, a 

variation of 1 to 1.5mm per day was noticed within the watershed. Maps for each month are 

shown in Fig.5. 

ETo model is a distributed model. To test the model accuracy, its results were compared to 

lumped calculation taking mean elevation of the whole area as one grid. The results show that 

GIS ET model provides 20% more accuracy in results besides giving more detailed 

information about individual segments. 
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Figure 5: ETO Maps of Saqqez watershed 

 

Land use map is shown in Fig. 6. Nearly 75% of the ET comes from the Rangelands which 

constitute 96% of The land area. Agriculture water use was determined by overlaying ETo 

maps with crop coefficient map. Average FAO crop coefficients (Kc) were used for each 

field.  Crop Etc = Kc ETo 

Sacramento model has been used for rainfall-runoff modeling (Sobrino and Caselles,1991). 

GIS database provides the catchment parameters as input to the model. The watershed has 

been divided into four sub-catchments (Shahabi et al 2009). The soil and rangeland maps 

were reclassified to derive percolation rates, storage depletion constant, drainage factors and 

impermeability. 

Maxey-Eakin method has been used to develop empirical precipitation-recharge relationship. 

Four potential recharge indicators has been used: elevation/ slope/ relative rock soil 

permeability/ vegetation. 

The map categories on each of these four maps were reclassified to represent recharge 

potential on a six-point Scale. Rangeland Map is shown in Fig. 7. In each case a value of one 

represents a low recharge potential and a value of 5 represents a high recharge potential. The 

rangeland map was reclassified into vegetation density map with five classes (Jordan, 1969) 

(Kahle, 1986) (Kahle et al,1980). Grazing potential was assigned to each density class. Slope 

criteria were applied to exclude inaccessible areas with slope greater than 70 percent. The 

grazing potential model is shown in Fig. 8. 
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Figure 7: Range land  Map of Saqqez watershed            Figure 6: Land use Map of Saqqez 

watershed 

 

The grazing potential map was combined with livestock data to determine the stocking rate, 

thus indicating whether the area is overgrazed or not. In order to identify areas suitable for 

rangeland development through non-structural measures such as zero or no grazing, a 

Rangeland Suitability model was developed as shown in Fig. 9. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CO

NCLUSIONS 

Drought is the most chronic and the most damage for natural disasters and in within natural 

occurrences, drought is first class from the viewpoint of degree of intensity, duration and it is 

determining frequency that caused turbulence of ecosystems (shahabi et al, 2009). Drought 

creates harmful social and economic effects too (shahabi et al,2009). Drought based on 

frequency of occurrence, severity, affected area, economic damages, social affects and severe 

long impacts is very important and dangerous compared to the other disasters (Vidal, 1991) 

(Wan and Z.L. Li, 1997). Therefore it needs more consideration in decision making. The 

remote sensing and GIS technology significantly contributes in the activities of all the three 

major Phases of drought management namely, 1. Preparedness Phase where activities such as 

prediction and risk zone identification are taken up long before the event occurs. 2. Prevention 

Phase where activities such as early warning/ Forecasting, monitoring and preparation of 

contingency plans are taken up just before or during the event and 3. Response/Mitigation 

Phase where activities just after the event includes damage assessment and relief 

management. In this paper brief review of remote sensing and GIS methods and its utilization 

for drought management are discussed.  
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 Figure 9: Range land Suitability Map  
of  Saqqez watershed 

Figure 8: Consumable Forage Production 
DM(ton)of Saqqez watershed 
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