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Introduction

Recognizing and studying the drought phenomenon with regard to the affecting factors led to
better understanding of this phenomenon and paved the way for short-term and long-term planning in
relation to encountering, controlling and predicting of this phenomenon.Since to determine the
severity, duration, and frequency of drought, is need to determine the drought by using indicators,
drought monitoring is essential and researchers have always followed the use of indicators for
drought monitoring as a management and planning tool. Drought monitoring is one of the prime
factors in drought management. Monitoring systems have important roles in creating the drought
plans and its management. Therefore, due to this importance and taking into account the ecological
and geographical conditions of Lake Urmia during recent years, the study and monitoring of drought
for the above area is necessary. Therefore, the purpose of this study was to investigate the drought
characteristics and calculate the three (SPI, PNI, CZI) drought indexes and comparing their
efficiency and accuracy in the Western Azerbaijan province, as well as evaluating the time trends of
their changes over the entire province.

Methodology

To evaluate and study droughts, the synoptic meteorological data from 6 stations in West
Azerbaijan province during the period of (1990-2009) was used. Also, based on the available data,
the component of rainfall, including mean, skewness, standard deviation and variance, were analyzed
from the amount of annual precipitation of synoptic stations in West Azerbaijan province. In order to
investigate the drought, three drought indices including the SPI, PNI and CZI indices were used. The
GIS was also used to study the drought trend and spatial zonation. In order to evaluate the efficiency
of drought indices in West Azerbaijan province the R? coefficient between pairs of drought indices
SPI-CZI, SPI-PNI and CZI-PNI was used.

Results and Discussion

The results of the survey on the efficiency of the indicators showed a relatively high correlation
between SPI and CZI indices. Also the results showed that for the most stations, in (p <0.01)
confidence level, pairs of profiles were correlated to each other. However in the frequency analysis
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of drought indices, PNI index in normal years and SPI index in the wet years have more efficiency.
Also between low and moderate droughts every 3 indices showed almost identical results and
efficiency. Finally, an experimental equation was developed based on the relative spur height and
length and riprap size, which can be applied for the riprap size designing. The results of drought
analysis showed that there were relatively normal years in the province between 1990 and 2009, that
the PNI indicator showing well, and a few weak points were observed that its SPI index shows. Also,
the results showed that there were weak to moderate drought in the studied area during the years of
(1990-2009) that in this case, all three indicators of the CZI, PNI and SPI showed almost identical
results.

Conclusion

Drought indicators represent the natural limits of droughts, making it possible to evaluate it at
different time and space scales. For this purpose, rainfall data of different stations in West Azerbaijan
province were analyzed. The results showed that precipitation in this province is very irregular and
highly variable, that indicates the probability of occurrence of drought in the region. Therefore, in
order to study this phenomenon, PNI, CZI and SPI indexes were analyzed and compared. The results
showed relatively high correlation between the CZI and SPI indices. However, the PNI index shows
different results in spatial zoning. Therefore, in the study area where the most severe drought has
occurred, the PNI index shows the highest amount of drought with the 1286.95 sg. Km. Also, in the
drought frequency analyze and mildew occurrence in the province, the PNI was the most frequent
index of normal drought, and the SPI index showed the highest frequency.
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Drought class SPI PNI CZI
Extreme wet >2 >160 >2
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Moderate wet 1t01.49 130 to 145 1t01.49
Normal -0.99 t0 0.99 70to 130 -0.99 t0 0.99
Moderate drought -1to0-1.49 55t0 70 -1to-1.49
Sever drought -1.5t0-1.99 40to 55 -1.5t0-1.99
Extreme drought | <-2 <40 <-2
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Table 2- The results of goodness of fit

The best Rank of distribution
di st]crllttgi(?tl on Pareto  Normal pearson3 ~Gamma(3P) Gamma Beta Stations
Gamma 6 4 3 2 1 5 Urmia
Gamma 6 4 2 3 1 5 Tekab
Normal 6 1 2 3 4 5 Sardasht
pearson3 6 2 1 4 3 5 Khoy
pearson3 6 4 1 2 3 5 Makoo
Gamma 6 4 2 3 1 5 Mahabad

oo 390 Solul 53 JLis S o lh Z9) (Shod o 50 -1 Jgur
Table 3- Correlation coefficient of drought indices in study stations

Station Tekab Urmia Khoy
Index SPI CZI PNI SPI CZI PNI SPI CZI PNI
SPI 1 1 1
Czl 1 1 0.991 1 0.996 1
PNI 0.986 0.987 1 0.982 0.949 1 0.996 1 1
Station Sardasht Mahabad Makoo
Index SPI CZI PNI SPI CZI PNI SPI CZI PNI
SPI 1 1 1
Czl 0.987 1 0.999 1 0.998 1
PNI 0.993 0.998 1 0.989 0.992 1 0.993 0.998 1
10.00 10.00
8.00 8.00

y=0.832x+0.0008
R*=0.94

N z
(] o
4.00 v =0.8985x+0.0012 4.00
R2=0.99
2.00 2.00
0.00 0.00
000 200 400 600 800 10.00 000 200 400 600 800  10.00
Spl czl
(@) (b)
10.00
8.00
y =0.7559x+0.0753
_ 600 R2=0.98
=
o
4.00
2.00
0.00

0.00 2.00 4.00 6.00 800  10.00

©
Fig. 4- Correlation between (a) SPI-CZI indices, (b) CZI-PNI indices and (c) SPI-PNI indices

SPI-PNI (c) 9 CZI-PNI (b) SPI-CZI sl oLy 95 Shuwod dtuls () £ 5



WO-VAA o AFAA Jlo ) o5l FY 655

\AY

ST (kg 5 p5ke

CZI 9 PNI SPI sy ol oo ol S  Siumod 0031 —¢ J9u
Table 4- Coupled correlation between SPI, PNI and CZI indices

Standard Mean
Mean

95 %_confidence level

T- student Degree of  Correlation

Deviation  square error  of data discrepancy freedom level
Indexes
Upper
limit
SPI-PNI -0.00675  0.04301 0.00962 0.01338 0.702 19 0.971
Czl-SP1 0.0005 0.06212 0.01389 0.02957 0.536 19 0.982
CZI-PNI 0.00625 0.06262 0.014 0.03556 0.446 19 0.960
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Fig. 5- The optimum variogram model (Guassian) of (a) PNI, (b) CZI and (c) SPI indices
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Fig. 6- Drought Indices monitoring (a) CZI, (b) PNI and (c) SPI in 1995
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Fig. 8- Drought Indices mohitoring (a) CZzI, (b) PNI and (c) SPI in 2008

Y+ Jlo 33SPI:(C) s PNI:(D) £ZI :(a) slaasly Jukis Gutig —A S5

REEEEELEE M
EECO00OEEEO0 A
m d
i
(8) .W... ¥
).|¢.. et . J
(P 7 WAL T
dan %

»

A

WO-AA o AYAA Jlu Y oyl FY o5




(%
DOI: 10.22055/jise.2017.20678.1496

Ol JLSas gl st ls anslie 5 bl 0l Ken 5 U Jide

5 CZI slajasls (oYL buws @l sdimdlis mls 8 )5
Iy Solite gols PNI a3ls o8 cunl Jbs s ol sl 0 SPI
om Jha ol ol amdee Lt 298 5l Sl saaing
9y pIE g L& CJL )l axllao dy90 L;anliu.wl L;AJ)l) dl!bb.)].)
oS gl Gl nlee awyp & (gyebd Wbl e S
WYSA¥O L PN aslis b S 08 4 |y Jlsias o i
obis 1y Jusas e iy il gaw 5l @y yiashS

S S o

b dgs aaS ol aBly n JlsSid gla a3l

b wlio 1y ol byl K6l B dizn 03l &) (sla JluSiss
(G5l 30 jelale iy Wile S e 5 Sloj calise
dy90 (ot byl liwl y> aliste (ol iyl cole Ml
Sl 3 Bl 45 315 L gl 8,5 )5 o 5 s
DM.)UL.M: )Al OJ‘ 9 wl Dl).o.!h Yl) LS)’"\’)“"” b 9 W.lausl) )L.AAAJ
Ol o yglared 1 sl oo dtlate )3 (JLSiS go8y Jlots]

“\'QDLfo )1)9 ‘\M.ULQA 9 N .))}n SPI 9 CZI 5PN| LSLQ’Q»L“ o.b.b
References

1- Aligolinia, T., Rasouli Majd, N. and Rezaei, H. 2016. Evaluation of different GIS-based statistical
methods in forecasting and zoning of salt invasion in West Azarbaijan Province aquifers, Environment
and Water Engineering, 2 (2): 176-162. (In Persian).

2- Azizi, G. and Roshani, A. 2005. Evaluation of drought and wet years and there prediction using Halt
Winters in the province, Geographic Researches Quarterly Journal, 20 (4): 63-48. (In Persian).

3- Cancelliere, A., Mauro, G., Bonaccorso, B. and Rossi, G. 2007. Drought forecasting using the
Standarized Precipition Index. Journal of Water Resources Management, 21:801- 819.

4- Choi, M., Jacobs, J. M., Anderson, A. C., and Bosch, D. D. 2013. Evaluation of drought indices via
remotely sensed data with hydrological variables. Journal of Hydrology, 476: 265-273.

5- Dalezios, N. R., Loukas, A., Vasiliades, L., and Liakopoulos, E. 2000. Severity-duration-frequency
analysis of droughts and wet periods in Greece. Hydrological Sciences Journal, 45(5): 751-769.

6- Gorbani, Kh., Khalili, A., Alavi Panah, K., and Nakheeizadeh. 2010. Adaptive Study of Drought
Meteorological Indexes of SIAP and SPI by Data Mining Method in Kermanshah Province. Journal of
Water and Soil, 24 (3) : 426 - 417. (In Persian).

7- Guttmann, B. N. 1999. comparing the palmer drought index and the standardized precipitation index.
Journal of the American Water Resources Association, 34(1): 133-121.

8- Hong, W., Hayes, M. J., Welss, A., and Hu, Q. 2001. An evaluation the standardized precipitation
index, the china-z index and the statistical z-score. International Journal of Climatology, 21:745-758.

9- Ju, X, Yang, X. W., Chen, L. J., Wang, Y. M. 1997. Research on determination of indices and
division of regional flood/drought grades in China (in Chinese). Quarterly Journal of Applied
Meteorology, 8(1): 26-33.

10- Leshni Zand, M and Telluri, AS. 2004. Study of climate drought and its prediction in six areas in the
west and northwest of Iran, Geographic Researches Quarterly Journal, 72: 86-75. (In Persian).

11- McKee, T.B., Doesken, N.J and Kleist, J. 1993. The relationship of drought frequency and duration to

time scales. 8th conference on Applied Climatology, 17-22 January, Anaheim, CA, pp. 176-184.



\AA

WO-VAA o AYAA Jlo Y o)l FY 6,95 bl wkige s oske

12-

13

15-

16-

17-

18-

19-

20-

21-

22-

23-

McKee, B. Nolan, T., Doeskin, J., and Kleist, J. 1995. Drought monitoring with multiple timescales.
9th. Conference on Applied Climatology, 15-20 January, Boston Massachusetts, Pp: 233-236.

Mirabbasi, R., Anagnostou, E. N., Fakheri-Fard, A., Dinpashoh, Y., Eslamian, S. 2013. Analysis of
meteorological drought in northwest Iran using the Joint Deficit Index. Journal of Hydrology, 492:
35-48.

Mishra A. K., Desai V. R., and Singh V. P. 2005. Drought forecasting using a hybrid stochastic and
neural network model. Journal of Hydrology Engineering, ASCE 12(6): 626—638.

Mishra A.K., V. P. Singh. 2010. A review of drought concepts. Journal of Hydrology, 391: 202-216.

Moradi, h. R Rajabi, M. and Farajzadeh, M. 2007. Trend analysis and spatial characteristics of
drought severity in Fars province. Iranian Journal of Range and Desert Research, 14: 109-97. (In
Persian).

Piry, H., Rahdari, M. and Maleki, S. 2013. Study and comparison of four meteorological drought
indexes efficiency in drought management in Sistan and Baluchestan province, Journal of Irrigation
and Water Engineering, 3 (11): 114-96. (In Persian).

Sadr Afshari, S. And Faizollahpour, M. 2011. Estimation of Urmia drought by using SPI, DI, ZSI and
comparing these methods to achieve the best drought index. Second National Conference on
Desertification and Sustainable Development of Iran's Desert Lagoons, Islamic Azad University of
Arak, p. 117. (In Persian).

Samiey, M. and Telluri, A. 2008. Investigation of the severity of hydrological droughts in Tehran
watersheds. Journal of Research and Development, 79: 29-21. (In Persian).

Simani, N. 2011. Analysis the occurrence of drought and trapping phenomena using several rainfall-
based profiles (case study; Kerman province); Second National Conference on Desertification and
Sustainable Development of Iran's Desert lagoons, Islamic Azad University Arak P. 130. (In Persian).

Tsakiris, G., and Vangelis, H. 2005. Establishing a drought index incorporating evapotranspiration.
European Water, 9(10):3-11.

Willeke, G., Hosking, R. M., Wallis, J. R, and Guttman, N. B. 1994. The national drought atlas.
Institute for Water Resources Report 94-NDs-4, U.S Army Crops of Engineers. 1-18.

Xangsayasane, P., Jongdee, B., Pantuwan, G., Fukai, S., Mitchell, J. H., Inthapanya, P., and
Jothiyangkoon, D. 2014. Genotypic performance under intermittent and terminal drought screening in
rainfed lowland rice. Field Crops Research, 156: 281-292.



	25-873
	26-873

