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Abstract

Introduction

The importance of heavy rainfall and its consequences have caused this phenomenon to be of special importance
in environmental planning and water resources management. Using statistical methods and the discharge data of
the Dez river, the heavy floods of this river were extracted to identify the effective factors in their creation. Among
all systems leading to heavy rains, the Sudanian system has been the main factor of moisture advection in the lower
layer of the troposphere with its expansion to the north and northeast. Due to its thermal characteristics, this system
has been prone to receive considerable moisture from the surrounding warm seas. This system has provided the
necessary conditions for the creation of surface instabilities in most transitional systems independently and in a
smaller number in the integrated state with the Mediterranean system. In the investigation of the middle layer of
the troposphere in all the systems that led to the floods of 1993 and 2005, it was observed that the anticyclone cell
of Arabia was established over the Arabian and Oman seas and the east of the Arabian Peninsula by moving
eastward. In this situation, a very deep trough has formed in the west of Iran, and the southern end of the trough
has extended to southern Sudan and northern Ethiopia. The eastward movement of high pressure in Arabia and the
significant southward expansion of the Mediterranean trough and the formation of a low-altitude center over Iraq
is the most suitable pattern for the heavy cloud rains in the basin.

Materials and Methods

In terms of geographic location, the Dez basin is limited between 48°10' to 50°21' east longitude and 31°34' to
33°7' north latitude. The studied area is a part of the Dez river basin, which is located almost in the middle part to
the end part. After the Karun branch of one of the largest and longest Dez rivers, Dez is formed from two main
branches named Caesar and Bakhtiari, and after leaving the mountainous region north of Andimeshk and Dezful,
it enters the plain of Khuzestan. For comprehensive and accurate interpretation of pressure systems and assessment
of their environmental effects on the earth, the maps of the earth's surface and level of 500 hPa are very efficient.
In most cases, the wind direction and temperature distribution at the 500 hPa level are completely affected by the
topographic arrangement of the geopotential height at the 500 hPa level. Geopotential height maps are one of the
most important and efficient atmospheric maps in synoptic analysis and interpretation. Heavy rains on
representative days are analyzed, interpreted, and explained. Two statistical and synoptic methods were used for a
more detailed investigation of the synoptic situation of heavy rains in the Dez river basin. In the statistical part,
factor analysis, which is one of the widely used statistical methods in climatology, was used, and in the synoptic
part, maps of different atmospheric levels were extracted and analyzed using Gardes software for the specified
days. To determine the members of each group, the correlation of the scores of each factor with the sea level
pressure map in the time period (1964-2020) was calculated, and the members of each group were determined. To
determine the representative days, the correlation of the SLP maps of the days of each group was used, and the day
that had a high correlation with more days was selected as the representative day. To perform factor analysis, the
elements of the database were transferred from the Excel environment to the S-Plus2008 software environment,
and then by performing various inferential analysis calculations, the most suitable method was selected to identify
the main and effective factors.
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Results and Discussion

As can be seen, the heavy rains of 2013 lasted for 6 days, and the system of 2011 lasted for 7 days. Of course, as
mentioned, in some systems, days before or after the end of the activity period of the main system, scattered rains,
even with high intensity, have been recorded in some stations. But these scattered rains are considered local rains.
The highest peak flow rate of 8556 m?® belongs to the system in February 2013. This system has lasted for 4 days.
It took 31 hours to reach the peak of the flood.

Conclusion

In the investigation of the middle layer of the troposphere in all the systems that led to the floods of 1993 and 2005,
it was observed that the Arabian anticyclone has been established over the Arabian and Oman seas and the east of
the Arabian Peninsula by moving eastward. In this situation, a very deep trough has formed in the west of Iran,
and the southern end of the trough has extended to southern Sudan and northern Ethiopia. Therefore, the eastward
displacement of the high pressure in Arabia and the significant southward expansion of the Mediterranean trough,
and the formation of a low-altitude center cut over Iraqg is the most suitable pattern for heavy cloud precipitation
in the Dez basin. The peak discharge of floods with a delay of 12 to 24 hours from the day of peak rainfall has
created a very intense discharge system. So, the floods of 2005 with a peak discharge of 8556 m® s and the flood
of 1993 with a peak discharge of 4022 m? s, while they were very heavy floods, there were two study periods.
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Figure 2- Geopotential height (contour), wind field
(vector), and humidity (shaded) at 1000 (a) and 925 (b)
hpa level on January 6, 1993
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Table 3- Rainfall on January 6, 1993
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Figure 4- Geopotential height (contour), wind field
(vector), and humidity (shaded) at 1000 (a) and 925 (b)
hpa level on January 7, 199
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Figure 3- Geopotential height (contour), wind field
(vector), and humidity (shaded) at 850 (a), 700 (b), and 500
(c) hpa level on January 6, 1993

bylyd 282 gl 53 oS 5 (LSS g cunlio gl oy
03903 whl)d b (B)en ool S el ) lie sl
Bee g Ver lajly )3 o el o 5550 4 cpl 329 b
amd o ol ) U jg) 4 s iz ol JSulgsa
st ) gl e (5 Caows 4y 0L Sl plaasls b Jo
9 Olrl st gz 59y 3 JBwbgSa B v g Ver 5503 0
Sl sl Cov j ddlaie cpl g 4Bl (DS > adg>
b ol5el sloin ool 455 15 ogb sl kb gm0 YL
Sy ly owbio byl gy o sl o JSl =+ /F b=+ /Y 5,5
Sobik (ST ¥ s wles oal )8 mad (8)en sapby
39y RPNk jay orl mdee Lt agli Vo 1y albel



00 B ¥V cibxiuo F+F Jls & o5lasd ' 093 /S5 g Ll pate g (55loJbo dy i /) 1Ko g daymi iy 4

VA/Y 4915 ¥ 50 wlebw ol (sla byl STy —F Jod>
Table 4- The distribution of rainfall of this system on January

7, 1993

(1993 w53 7) 1371 > 18 oSt
85.5 o5l
17 30 e
33 Jebp
16 aloy>
160 T
95 i
22 5226541
35 2295
13 lenl
59 M)
61 sblp >
26 3)S s
26 zob
22 559651
26 Jsi

(V00 Gole Vo) shemdyg o2 3155 =YY

Ol 1y Jrdyg gy &Y 53 bl ST g 5 le £ S
IS S9) 0 O3 (Sulaed Cusdgn 3 (g LideS a3 e
s iy b liseS ol Jlad Db 5 il e
Sy o by She i Sl Hge 5l (Bd Sl
Dly g B8 Jloud 2lazal 13 g 0 liwrye jolS (28 S0
32l 350 lojen cusl odd olpl (2)E g i
Je Jolo S ©jg0 (6 Lt L Slaial 5 (s e
ol oy BLj el 038 Iy (sSS plee gbyd 9y 2
Tl g ool g plod gw )8 g (o815 53 WS 2l
Bbj ol g 0 gz oS Ll wB SIS ) e
OB 4 S 2y (53,5 3 ples g s )5 sl Cugb)
PVCHJ) JCCHPA PRI VG- 31 SRR ROV - G- SV
Ero Sk oy 2 LS gl osx slaghyy dbwse
B dlaal 3 e Sbyd 59y p Cugl el g 0dd L)l
o g & &bl ) g lye (o ASe 4 bl jLiseS
2 odd dbul (668 uob, sladiwe (Cuwl ol cdyly8 oyl
sobolen Cunl 88 cpl Bamd Lt (95 § &3 5b)d 59)
bagame o i 3l S 2y ()5 dld g5y g dgbie o> &S
Cal e Jad slagls o dle b 6l by
5 lod ged Ghgw alble cuty 4 Jod sbgsye 3y
Gl ol 03505 L5 1y Shgw dilole cudy (g)lidss
39 J 3 gWlen o gxie p dgec 03905t (pl )3 Jlod
5 Jdgshe lulpd cosl Sole (Bjs o cnl s
ool dilaio 59y 3 (LIS A5

—_— .
4 6 0 00 12 14 e

Hglu & umega >tream Line /uunra u/Janivyyo
= \ A

W72 = g
ST NNEh
-

N

(odgle) gl 9 (02) 3 i 9518) Jomizss el - JSi5
VAAY 455 ¥ 5 JISlygiSa (g) Be + g () Yoo (o) MBS jl3
Figure 5- Geopotential height (contourg, wind field

(vector), and humidity (shaded) at 850 (a), 700 (b), and
500 (c) hpa level on January 7, 1993
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Figure 6- Geopotential height (contour), wind field

(vector), and humidity (shaded) at the level of 1000 (a) and
925 (b) hpa on March 10, 2005
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Table 5- Precipitation of stations in the study area in the
selected sample from 10 to 13 March, 2005
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Figure 8- Geopotential height (contour), wind field

(vector), and humidity (shaded) at 1000 (a) and 925 (b)
hpa level on March 11, 2005
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Figure 7- Geopotential height (contour), wind field
(vector), and Omega (shaded) at the level of at 850 (a), 700
(b), and 500 (c) hpa on March 10, 2005
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Table 6- Precipitation of the studied stations on March 10,

2005
2005 s )le 10) 1383 wiawl 20 oSt
o)

235 gy
37 Cadddms
75 30 A

3 J#5
3 aloys
35 S

235 A

8.2 529651
0 329

21 Slenl
46 P
28 sUlp

2 35
31 zsb

8.2 529651
236 JreS "
11 CubdngS
14 dy2en




ﬁ

o oM gl ol 2 ol b g St G5 byl sen Jubos

i 4 She Sl 5 B jepwdyg oy ol ples )3 (ool
)82

Yeed U")l" AN} » L5 L;l.holﬂ'.‘.ql S92 u:))l.v u:..fl).g =Y J,.\?
Table 7- Precipitation distribution on selected stations on
March 11, 2005
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Figure 9- Geopotential height (contour), wind field
(vector), and Omega (shaded) at 850 (a), 700 (b), and 500
(c) hpa level on March 11, 2005
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Figure 11- Height of geopotential (contour), wind field
(vector), and omega (shaded) at at 850 (a), 700 (b), and 500
(c) hpa level on March 12, 2005
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Figure 10- Geopotential height (contour), wind field

(vector), and humidit¥ (shaded) at 1000 (a) and 925 (b)
hpa level on March 12, 200
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Table 8- Rainfall distribution of this day on selected stations
on March 12, 2005
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Table 10- Precipitation of stations in the study area on M
a rainy day leading to flooding
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Figure 13- Daily hydrograph of Tele Zang Station, Blue Year
1993-1994
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Figure 12- Daily hydrograph of Dez river at Tele Zang station
(1964-2020)
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Table 9- Selected heavy floods in the Dez basin in the
statistical period
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Table 11- Flood rainfall on 22/12/1383 (12/03/2005) in the
stations of the study area
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Figure 16- Hourly flood hydrograph on 12/03/2005 Tel Zang
station
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Table 13- Characteristics of selected floods in terms of start

and end time
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Table 12- Characteristics of selected floods in terms of
continuity and discharge
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