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Abstract

Drought is a normal, recurring feature of climate phenomena; it may occur virtually in all climatic regions. The
effects of drought accumulate slowly and its impacts are spread over a larger geographical area than other natural
hazards. Drought is a natural hazard originating from a deficiency of precipitation that result in a water shortage for
some activities or some groups and is often associated with other climatic factors such as high temperatures, high
winds and low relative humidity that can aggravate the severity of the event. Iran is frequently affected by recurring
droughts. In this research the Qom province with an area 11500 km? that located in an arid and semi arid region of
Iran was selected. Eighth site of rangeland were chosen that represented rangeland situation in the study area. In
these sites relative factors such as plant cover , density, yield, regeneration ,land cover were measured in 60 plots
with 2 m? area along the 4 transect with 400 m along. Rangeland yield was measured with the cutting and weighting
method in a quarter of plots, and the total yield in each site was obtained from the regression models between plant
cover and species yield. Data series were cumulated for 9 years (1998-2006). Palmer drought severity index (PDSI)
carried out in this study. The objective of this study is to performance of the PDSI to assessment of drought in the
rangeland of the Qom. The analysis of results indicated that each site growth season is different from another. The
rangeland yield is not related to the annual rainfall, but the best relationship was between rainfall in growth season
and range yield. Also the study showed that the highest frequency of significant models is related to March-July
period.
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1. Introduction determine, as is its severity. Drought severity is
dependent not only on the duration, intensity

Drought is a normal, recurring feature of and spatial extent of a specific drought episode,
climate; it occurs in virtually all climatic but also on the demands made by human
regimes. It is the consequence of a natural activities and vegetation on a specific region’s
reduction in the amount of precipitation water supply. According to Wilhite and Glantz
received over an extended period, usually a (1985) classification, four categories of
season or more in length. Drought is perhaps the droughts could be identified: 1) meteorological
most complex natural hazard (Wilhite, 2000). drought which is the negative departure of
Drought is a slow-onset, creeping natural hazard precipitation from the normal precipitation over
that is a normal part of climate for virtually all a period of time, 2) hydrological drought which
regions of the world; it results in serious is the deficiency in surface and subsurface water
economic, social, and environmental impacts. supplies, 3) agricultural drought which is
Drought onset and end are often difficult to shortage of soil moisture that is necessary for
the development of a particular crop at a
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three categories could be defined as
environmental droughts whereas the last one
could be considered as water resources droughts
(13,1).

The effects of drought accumulate slowly
and its impacts are spread over a larger
geographical area than are damages that result
from other natural hazards. Drought is a natural
hazard originating from a deficiency of
precipitation those results in a water shortage
for some activities or some groups and is often
associated with other climatic factors such as
high temperatures, high winds and low relative
humidity that can aggravate the severity of the
event. Drought differs from aridity in that the
latter is restricted to low rainfall regions and is a
permanent feature of the climate. Drought
occurrences are common in virtually all climatic
regimes.

Iran is frequently affected by recurring
droughts (Morid et al. 2005). The most recent
drought of 1998-2001 was the worst in the last
30 years with rainfall deficits consistently
exceeding 60% of the mean annual rainfall in
most of the country. The severity of this drought
placed an extreme strain on water resources,
livestock and agriculture. The Iranian
Emergency Agency reported that 278 cities and
1050 villages had been affected by this drought.
Also, the crops from a rain fed area of 4 million
ha as well as those from an irrigated area of 2.7
million ha were completely destroyed. The total
agricultural and livestock losses by the year
2001 were estimated to be US$2.6 billion.
Eighteen out of the 28 provinces of the country
were affected, but the impact of the drought
differed throughout the country and some of the
provinces were more hit than others.

A drought indicator, briefly defined, is a
variable to identify and assess drought
conditions (6). Common indicators are based on
meteorological and hydrologic variables such as
precipitation, stream flow, soil moisture,
reservoir storage, and ground water levels. A
drought trigger is a threshold value of the
drought indicator that distinguishes a drought
category, and determines when drought
response actions should begin or end (20,22).
Drought monitoring is an essential component
of drought risk management. It is normally
performed using various drought indices that are
effectively continuous functions of rainfall and
other hydro meteorological variables (12). A
number of drought indices have been introduced
and applied in different countries to date.
Drought indices provide decision makers with
information on drought severity and can be used
to trigger drought. Many drought indices have

been developed to now. These include the
Palmer Drought Severity Index (PDSI — Palmer,
1965), which is widely used in the United
States, the deciles index (Gibbs and Mabher,
1967), which is operational in Australia, the
China-Z index (CZI), which is used by the
National Metrological Center of China (Wu et
al., 2001), the Surface Water Supply Index
(SWSI — Shafer and Dezman, 1982) adopted by
several states in the United States, and
standardized precipitation index (SPI — McKee
et al., 1993), which has gained world popularity,
etc. Other indices are Bhalme and Mooley
Drought Index (1980) - BMDI and Byun and
Wilhite (1999) Effective Precipitation Index —
EPI. The review of drought indices can be found
in several sources .No index is ideal and/or
universally suitable. The choice of indices for
drought monitoring in a specific area should
eventually be based on the quantity of climate
data available and on the ability of the index to
consistently detect spatial and temporal
variations during a drought event (15). PDSI is
one of the complete and best indeces to
monitoring and assessment the drought in the
World. PDSI commonly used to determine of
agricultural drought. In this research PDSI was
used to determinate the drought in the arid and
semi arid rangelands of Iran. For this purpose
Palmer drought severity index was calculated
for 20 years period (1986-2006), and then the
results compared with the rangeland yield. In
order to find the capability of the PDSI to
definite drought in the rangeland, summation of
the monthly PDSI is calculated for 7 time steps
(Annual, February to July, March to July,
March to June, March to April and
March)(16,10,18,21). Then the assessment is
based on the highest determination coefficient
(R?) between Palmer drought index and yield of
rangeland (2, 4, 8, 13, 17, and 18). Also the
relation between precipitation and rangeland
yield was calculated and analyzed based on the
above mentioned time scales (5, 8, 9, 18).

2. Material and Methods
2.1. Study area

Qom province (50° 3'to 51° 55' N, 34° 3' to
35° 13' E), with an area of 11500 Km® is located
in an arid and semi arid region of Iran. The
mountainous region is the southern and the
western parts of Qom. The highest and lowest
altitudes are 3209 m and 792 m as.l,
respectively. In this study 8 sites of rangeland
were chosen that represented the rangeland
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condition of the arid and semi arid region in the
Qom province.

2.2. Rangeland forage production

In 8 sites of the rangeland, relative factors
such as plant cover , density, yield, regeneration
Jand cover were measured in 60 plots with 2 m’
area along the 4 transect having 400 m long.
The location of transects were permanent over
sampling period. Rangeland yield was measured
with the cutting and weighting method in a
quarter of plots, and the total yield in each site
was obtained from the regression models
between plant cover and species yield (17). Data
series were recorded for 9 years. But there were
data gaps in some years and the rangeland yield
was not measured so the calculation was carried
based on the available data. The rangeland
yield was determined based on the vegetative
forms (forb, grass and shrub) (9).

2.3. Palmer Drought Severity Index (PDSI)

Although PDSI is referred as an index of
meteorological ~drought, however, Palmer
procedure considers precipitation,
evapotranspiration, and soil  moisture
conditions, which are determinants of
hydrological drought, i.e. the period during
which the actual water supply is less than the
minimum water supply necessary for normal
operations in a particular region. The PDSI
measures the departure of the moisture supply
from normal conditions. Moisture supply is
calculated from the water balance of a two-layer
soil model using monthly mean precipitation
and temperature data as well as the local
available soil water content. From the input
data, all the basic water balance terms, namely
evapotranspiration, soil recharge, runoff, and
moisture loss from the surface layer are
estimated (Loukas et al., 2002). Complete
description of the equations of the PDSI
calculation procedures can be found in the
original paper (Palmer, 1965) or in a recent
paper (Dalezios et al., 2000).

2.3.1. Calculation of the PDSI

The basis of the soil modeling is the
calculation of the potential evapotranspiration
(PET). PET is calculated using Thornthwaite's
method. Besides PET, there is also potential
recharge (PR), potential runoff (PRO), and
potential loss (PL).Another definition is needed.
The Available Water Holding Capacity (AWC)
is the amount of water the soil is capable of

holding. The underlying soil moisture content is
the amount of moisture that is being held
beneath the topsoil. The top soil moisture
content is the amount of moisture in the topsoil.
Now, PR is the amount of water that could be
absorbed by the soil, or the difference between
the AWC and current soil moisture, so

PR =AWC - (Su + Ss)

PRO is calculated assuming any precipitation
that falls is absorbed until the ground is
saturated, and then the rest runs off. Thus, PRO
is the difference between the potential
precipitation and the amount of moisture the soil
can absorb. Palmer decided to set the potential
precipitation to AWC, and the amount of
moisture the soil can absorb is simply PR, so
PRO=AWC-PR=AWC-(AWC-(Su+Ss))=Su+Ss

2.3.2. Moisture Departure

The Moisture Departure is basically the
deficit or surplus of moisture for a given month.
It is calculated using the following formula:

D=P-P
Here, P is the precipitation and P is the CAFEC
(Climatically Appropriate for Existing

Conditions) precipitation. F is calculated as
follows:

P :(li.ET+ BiPR+ ’YIPRO- SIPL

The subscript i refer to the month of the year.
The coefficients are the average ratio of each of
the actual values (ET, R, RO, and L) to the
corresponding potential value (PET, PR, PRO,
and PL). These ratios are called the water
balance coefficients. They have the effect of
adjusting the potential values to account for
changes in the season. They are calculated as
follows.

> ETi 3 Ri

allyears

al — P allyears
> PET A= eri
allyears allyears
3 RO 2, b
R allyears j = =X
P " 5| allyears i
"' 73 eroi > PLi

allyears allyears
2.3.3. Moisture Anomaly

The moisture departure, d, is the deficit or
surplus of moisture, adjusted for the seasonal
changes in climate. However, the moisture
departure does not give any information about
how severe that deficit or surplus is relative to
the local climate. In order to do that, the
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moisture departure is adjusted again to create
the Moisture Anomaly, Z, which represents how
wet or dry it is with respect to the current season
and the local climate. This is done by simply
multiplying the moisture departure by the
Climatic Characteristic, K.

Z=d.K
The value of K changes depending on

location and time of year, as is evident in the
following formulas used to calculate it.

17.67
Ki=g— K
DJKi
j=1
Where
PET,P:r R,E+ RO, +28
K/ =15.log, it - +0.5

The formula for K is pretty complicated, and
it is hard to explain how it is related to the
averages of PET, R, RO, P, and L. However,
there are a few things to note about these
equations. Once again, the subscripts i refer to
the months of the year. The value of 17.67 is an
empirical value that Palmer derived from a
limited set of data. There is one new
abbreviation in both formulas, which is : and is
defined by the following formula.

2.[d]

5_ all  years
' #of years in record

One should also note that the calculations of
both d and Z depend on the 8 potential and
actual values that are related to the soil moisture
conditions (PET, PR, PRO, PL, ET, R, RO, and
L) from the entire length of record. That means
that these eight values have to be calculated for
each month of each year before the moisture
departure and moisture anomaly are calculated.

With the moisture anomaly calculated, the
PDSI itself can now be calculated. There are
actually three intermediate indices, X1 is
severity of a wet spell that may or may not be
developing, X2 is the severity of a dry spell that
may or may not be developing, and X3 is the
severity of the current, "established" spell. The
actual PDSI value is actually determined by
picking one of the three indices according to a
set of rules. Each of the three indices is

calculated in the same way. For example, X3 is
calculated as follows:

X3, =0.897X3, , +szi

2.4. Data

Daily air temperature and precipitation data
were derived from the Meteorological
Organization of Iran. Only the stations with
more than 15 years data were used.

Four stations (Doushan Tapeh, Qom, Kashan
and Shams Abad) are selected according to the
elevation and proximity to the rangeland sites.
Accuracy and homogeneity of the data are
tested. Missing data are regenerated. Monthly
PDSI is calculated for 20 years period (1986-
2006). The AWC for each rangeland site was
calculated using an area —weighted method from
land use and capability maps of Qom that were
developed by Water and Soil Institute of
Agriculture Ministry. The plant yield data of
rangeland sites were available for 9 years (1998-
2004) that were developed by Research Institute
of Forest and Rangeland of Iran.

2.5. Evaluation of the PDSI

The evaluation of the Palmer drought
severity index was carried out in two stages.
During the first stage, a growing season drought
index variable was created for PDSI by
summing the monthly values for growth season
in 6 time steps (February to July, March to July,
March to June, and March to April and March).
Another PDSI were tested in annual scale. For
evaluation of the PDSI in rangeland, the
determination coefficient and standard errors
were used obtained from ANOVA results. The
power and logarithmic regression models could
not be used because the PDSI had negative
values, and quadrate and cubic models were not
suitable due to insufficient data. So, the linear
regression model is used to evaluate the PDSI.

3. Results

Moving average (3 years) of the precipitation
in 4 chosen stations are plotted and the results
are shown in Figure 1. According to the Figure
1, the wet and drought periods have appeared
over the rangeland yield recording years.

Characteristics of the rangeland sites are
summarized in Table 1. The variation of the
total yield of the rangeland sites is shown in
Figure 2. The rangeland yields varied from 34.9
kg/ha in Cheshmeshor to 258.9 kg/ha in Hossein
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abad. As show in Table 1 plant species are
classified in 3 forms (shrubs, forbs and grasses).
AWC in these sites varies from 0.9 inch in the
Baghyek to 9 in the Cheshmeshor. The soil
depths in these sites are from 10 cm to 90 cm.
The model performance statistics for 8 sites are
provided in the Table2.

The results of regression analysis between
rangeland yield for different plants and PDSI
are presented in Table 2. As shown in Table 2
the largest correlation between yield and PDSI
in Baghyek site is 0.37 (in March) that
significant at 85% level but other regression is
not significant.
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Fig.1. Moving average (3 years) of the precipitation in Doushan Tapeh, Kashan, Qom and Shams Abad stations
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Table 1: Characteristics of rangeland sites in Qom

Period of yield A.‘WC Soil texture Soil depth Rangeland type Rangeland Site
measurement (inch) (cm)

1998-2004 0.9 Relatively coarse 10 Stipa barbata-Artemisia sieberi Baghyek
1998-2006 9 Fine- very fine 90 Artemisia sieberi Cheshmeshor
1999-2006 3.3 Relatively fine 40 Salsola rigida Artemisia sieberi Ghale mohammad
1998-2006 49 Relatively fine 60 Asrragalus Sp'StS"iﬁgﬁrbata' Artemisia Hosein abad
1998-2006 3.3 Relatively fine 40 Noea mucronata-buffonia macrocarpa Varjan
1998-2006 4.1 Relatively fine 50 Salsola sp- Artemisia sieberi Jadeh kashan
2001-2006 2.4 Medium to fine 30 Artemisia aucheri- Astragalus sp Vasf
2001-2006 2.4 Medium to fine 30 Artemisia aucheri- Astragalus sp Karmjan
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Fig. 2. The variation of the total yield of the rangeland sites in Qom province

4, Discussion and Conclusion

In arid and semi arid Rangeland of Iran
drought is a recurring damage that affected of
forage production. Many of the drought indices
have developed to assessment of the drought
severity. One of the most important drought
indices is the PDSI. In this study the drought
effects on rangeland forage have been research
and the results showed that:

1- The results showed that in Baghyek site there
is no significant correlation between yield and
PDSI and it may be related to the shallow soil
depth in this site. This result confirms the
research of Bas van Wesemael (2003) in Spain
that showed the relation between drought and
soil properties, and said if soil has had sufficient
depth that provide the soil storage to plants
needs definition of precipitation has less effects
on the plant cover.

2- Only in two stations annual PDSI and yield is
significant at 80% level and in other sites there
was no relation with annual PDSI.

3- In case of classified vegetative types, it
would provide more accurate results. Moreover,
the most appropriate time step for evaluation of
drought based on PDSI is different for various
sites.

4- Also the study showed that the highest
frequency of significant models is related to
March-July period.

5- The rangeland yield is not related to the
annual precipitation, but the best relationship
was between precipitation in growing season
and rangeland yield. Growing season assumed
from March to July.

6- Linear regression model provided better
results than others. The result shows the PDSI is
an appropriate drought index that could be used
for drought monitoring in the rangeland of Qom
province. These results are similar with the
researches of Quiring et al. (2003) in Canadian

prairies.
7- The research also indicated that there is a
good accordance between precipitation-

rangeland yield and PDSI- rangeland yield.



Azarakhshi et al. / DESERT 16 (2011) 77-85 83
Table 2. Results from regression between rangeland yield and PDSI (The bold numbers show the significant level of the regression between forage production and PDSI)
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Table 2. Continued
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total shnub farb grass
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