Journal of Water and Soil
Vol. 29, No. 2, May.-Jun. 2015, p. 295-310

s e b
LA GiAy

(5591 Zoluo 9 pole) S 9 O & 2
YAD-TVe .o IVAF 5 — 10,5 .Y o,lecds A ul>

Sleckis SLs Lasls iy, b 0yl o idled gl JlucKis fdou

Yoo = A - # .
SO Jhaom — 09 (93 g = > 394 e
\YAY/ AN 3l 5 b

WAY/ WY ol g6

LXVLCES

oo oS o (gl Yo+ gite 35298 (6olol 393 Ml & dgs b gl o pdlacs (sl oSt lglyd aalllaa o) 3
13 dETo) Useslty 3,55 5 s 5 byl spolio 1335 s (RDI) oSt LS [l | oSt sladuaseiio 15 o Sitgip
il o JlocKts sladasetio gl Jabos (sl 1 o0lia] 08 15 — uisle cyas gy ETo cynass slys 1,5 1,5 oolial 3590 ilale pobito
2993 S 9y L adgl palie (il cly @je opsite «sylel sloge mbas b G el vy Slanlie claosly jIRDI aJgl polie
Cge gy (9 LS g o @i St @b b oSl el candts oles cawyd iSlas gy b iei sl yiel,b i Ol o> B pedaws
Job) (St ol duasn e STaon 15 (5 3tnns RDI ol (oSis) o0 lanbiie (slaodls s &) e giume (g O+ + 315 cglyls
e b sladdds (85 Opgo e polar (B0 Jsbo L) (s 2 sl Slol 8 Jelos ad asiie (6w p2 (sl (S 9 048 eplg> e
L (S ploy e Job iSlas gy yal o] (gl Jlo Vo cuiSiho)ed b (St cads ST ol lis bt b pwy (Sid sbduasuin
D1 el ey oKl @ 3late (Sis (S5 pSlas Jlo Ve cliSilojes bl ssalie JB o] 3 Jlo Ve cuiS5h 0)g

SlocKits slaamsein lpl o pillas ( JlocKis BLasst pasls (Sl Sl 1 gaalS slasjly

as il o ddlaio S ol Jlo g o 3l 3L cdge Byl (slize
0us pasude glaclled (glajls (el gl byl (ol &7 5y5b
&y g e glaibaio o 5 JlocSis (V) 15l 8L Sl
ol o2 389 pae L gsBy 0 (55 athaie il g3 g an,
b oy ool (20 )3 0)lgen 55 s ye Bblie )l 0 e
o=l g i (S 0)93 S 3 0L BB 5 1)1 )13
ooy aS ool 4 e band L8 JluSis (o yee ) bl
ol Gl pladie g )l dawgi g oiy ool Spd )l
Al o gl ohag Cosan] el iS5 S Ll ) JlucSits
g cwlie Copie by (Jy canl Il Qlinlonsy cpl jop 220
@3Lj et 4 B ol oo (385 slaggjayacliys b ol jon a8
2l paals ]y ol Oy il il
(JlwcSiis )93 plosl g 3T s b JlocSiid Sluogas
leasls 253 o0 dinog ol bl 05tuS 5 (S)5 s
5 Lo 05108) JocKits loamseto oo gy JlocSis
(; 9 a) J.)Hu_n ool (L;]L»giuo TR W) 9 L;‘Lv;gub u.JKA

6- Drought Characteristics
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4- Drought
5- Creeping Phenomenon
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3- Maximum Likelihood
4- Quantile

5- Frequency Analysis

6- FAO-Penman Monteith
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1- Reconnaissance Drought Index
2- Standardized Precipitation Index
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Figure 1- Geographical location of Study Area in Iran
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Table 1- Geographical information of Selected Stations and Time Series
Time Series Altitude Longitude  Latitude

Row  Station

Duration (m)

1 )| 1985-2010 1314.4 48.4 38.33
2 40| 1966-2010 1328 45.04 37.66
3 sl 1986-2010 1390.5 47.067 38.43
4 NAE 1984-2010 319 47.783 39.65
5 ey 1986-2010 14435 49.15 36.7

6 B3% 1951-2010 1361 46.283 38.08
7 iy 1986-2010 1817.2 47.1 36.4

8 Ll 1985-2010 736.2 45.667 38.75
9 Jids 1987-2010 1796 48.517 37.63
10 0)lo )5 1986-2010 1575 49.183 36.18
11 S 1971-2010 1103 44.97 38.55
12 Ol 1987-2010 1682 47.533 37.93
13 Cadsd g 1986-2010 1556.8 45.48 36.15
14 obs; 1973-2010 1663 48.483 36.68
15 Sl 1985-2010 1411.3 44.433 39.33
16 4lye 1984-2010 1477.7 46.277 37.4
17 &lo 1987-2010 1110 47.7 37.45
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Figure 2- Disrtibution of Selected Stations
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1- Cumulative Distribution Function
2- Equi-Probability
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Figure 3- Long Term Anuual Rainfall Changes
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Figure 4- Mean Annual Rainfall’s Hystogram
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Figure 6- Frequency of reconnaissance drought index- Tabriz Station (1951-2010)
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Figure 7- RD Index Chart for 4 Stations Beside Urmia Lake
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Table 2- Maximum Secerity Values For Different Return Periods
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Figure 8- Maximum Severity Values Dependant to Return Period (Zanjan Station)
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Table 3- Maximum Duration Values for Different Return Periods
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Figure 9- Maximum Duration Values for Different Return Periods (Zanjan Station)
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Table 4- Maximum Magnitude Values for Different Return Periods
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Introduction: Drought is a creeping natural phenomenon, which can occur in any region. Such phenomenon
not only affects the region subjected to drought, but its adverse effects can also be extended to other adjacent
regions. This phenomenon mainly starts with water deficiency (say less than long- term mean of variable under
study such as rainfall, streamflow, groundwater level or soil moisture) and progress in time. This period can be
ended by increasing the rainfall and reaching the mean level. Even after the ending of a drought period, its
adverse effects can be continued for several months. Although, it is not possible (at least at this time) to prevent
the occurrence of drought in a given region, it is not impossible to alleviate the drought consequences by
scientific water management. Such a management should be employed before drought initiation as well as
during it and continue on even after the end of the drought period. The frequency of the main drought
characteristics is a major concern of this study. The Northwest of Iran recently encountered severe and prolonged
droughts, such that a major portion of the Urmia Lake surface disappeared during the last drought in recent
years. In order to study drought characteristics, we used the Reconnaissance Drought Index (RDI). This index is
based on annual rainfall and potential reference crop evapotranspiration (abbreviated by PET here). This study
employed the Monte Carlo simulation technique for synthetic data generation for analysis.

Materials and Methods: The information from the 17 synoptic weather stations located in the North-west of
Iran was used for drought analysis. Data was gathered from the Islamic Republic of Iran’s Meteorological
Organization (IRIMO). In the first stage of research, the ratio of long term mean annual precipitation to
evapotranspiration was calculated for each of the stations. For this purpose, the Penman-Montheis (FAO 56)
method was selected for PET estimation. In the second stage, the 64 candidate statistical distributions were fitted
for the mentioned RDI’s of each station. The best statistical distribution was selected among the 64 candidate
distributions. The best fitted distribution was identified by the chi-square criterion. The parameters of the
distribution were estimated by the Maximum Likelihood Estimation (MLE) scheme. Then 500 synthetic time
series (each of them have the same number of observed data) were generated employing the parent population
parameters. The three main drought characteristics (namely duration, severity and magnitude) were obtained for
each of the mentioned artificial time series. The maximum values for each of the mentioned drought
characteristic were selected for each year. Then, a new time series having the 500 elements were obtained by
collecting the chosen values for each station. Once again the best distribution was selected for each series.
Drought characteristics for different return periods (2, 10, 25, 50, 100 and 200 years) were estimated for each
station.

Results and Discussion: Preliminary results indicated that a negative trend existed in annual rainfall time
series for almost all of the stations. On the other hand, the pattern of monthly PET histograms were more or less
similar for all of the selected stations. The peak of the PET was mainly observed in the hottest month of year,
whereas the lowest value of the monthly PET belonged to the coldest month of year. The results showed that the
amount of annual rainfall time series decreases sharply, after the year 1991. However, PET values significantly
increase for all of the selected stations. After calculation of RDI values, the histogram of annual RDI’s was
plotted against the year. This is repeated for all of the selected stations. Figure. 6 shows the mentioned diagram
for Tabriz station as an example. In the mentioned Figure, negative values of RDI (shown by red bars) indicated
the drought years. A critical prolonged drought with a sixteen years duration period (neglecting the 2001 in
which RDI value was a small positive value) was experienced in Tabriz. The maximum drought severity in
Tabriz was estimated to be about -7 in RDI units. Urmia station experienced the longest drought period, starting
from 1995 and ending in 2005. It can be concluded that although few sparse wet years were observed in some of
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the selected stations in the studied period, they cannot compensate the water deficiency accumulated during
several consecutive years. The results showed that the lowest value of the ratio of drought severity in a 100 year
return period to the corresponding value for 2 year return period was about 2.13 (belonged to the Tabriz station),
whereas the highest value was 3.17 (belonged to the Tekab station). On the other hand, the lowest value for the
ratio of drought duration in 100 year return period to its corresponding value for 2 year return period was 1.95
(experienced in the Makoo station). The highest mentioned ratio was 9.18 (observed in the Sardasht station). The
lowest and highest value of the ratio of drought magnitude in 100 year return period to its corresponding value
for 2 year return period were 1.17 and 2.74, respectively. The mentioned drought magnitude ratios were
observed in the Urmia and the Khalkhal stations, respectively. The isoplethes of the three main drought
characteristics (severity, magnitude, duration) for a 10 year return period was illustrated for the study area
(Northwest of Iran).

Conclusion: In the present study RDI values were used to analyze drought characteristics of Northwest of
Iran. The Penman-Montheis method was used to estimate PET (needed for RDI) values of the stations. The main
three drought characteristics were calculated for each of the 500 synthetic time series. The results showed that
nearly all of the areas under study experienced severe and prolonged droughts. It can be concluded that a sharp
decrease in annual precipitation as well as the increase in PET (due to greenhouse effects of consuming fossil
fuels as the main source of energy in the region) from 1995 to 2005 was observed in the study area. Scientific
management of available water in the study area is extremely vital to alleviate the adverse consequences of
drought. Several economic and social problems were anticipated in these arid and semi-arid regions of Iran.
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