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Figure 1. Location of station and Talar river

Table 1. Station specifications in the Talar basin
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Table 2. Dew point temperature of synoptic stations of Talar river basin
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Table 3. Humidity factor and wind factor and storm maximization factor March 17, 2017
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Figure 3. 2-day precipitation duration map Figure 2. 1-day precipitation duration map
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Figure 5. 4-day precipitation duration map
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Figure 4. 3-day precipitation duration map
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Figure 7. 6-day precipitation duration map
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Figure 8. 7-day precipitation duration map
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Figure 9. Depth - area - duration and probable maximum precipitation 1 to 3 days
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Figure 12. Sea level pressure map, March 18, 2019

S8 bl 1)n5 g 3l y00 b w0y Al Cen

Ghden (hgyds ke liwl YU ases 3 Jeie (o)L S las puess

o> 0 S 90 cpl slaaly Wiyl B lpl 5
02 @ YALTY 5 (Jyb Job a2)> 00 UFe Cosbyo
CofS o 3l LideS dm (goxin M2 (silulia cge Jlod
st s 3l pY Cagby g el L)l Jles Lol
WS oo Jie )5 59y Hime JUideS 4 ol g dlyie
592 L8y 3850 93 sail; (wyla VA 5 VA 13 (VY JS2)
LS &bj g Slodsw) SIS 4 555 sbyd Jlad > U3
$bj cpload b Jol5 ol 4y 398 (Lol 3950 51 555 sl
OF s iald b odiey e (pin Ojged
BAAY oS ye b S gy 4 s JBwlbgSe
GBS g Wb e )9S 3yb Jled 59y JSwlysa
5 Slynde gbyd 9y » JLibn e 93 5p5)5 b
b5 4 3y glgn g gy il cargo Ll (550 (g
u»)Lo A 9 YA » Lmu.;)l.» S » PURRW )9§..\A )l.mBﬂ,S
9 obe by 4l b (W5 W) 39381 VoA
g By 25 3 Jeizee (5 Sl adllae 4 ) Sen
Lide &8 )35 by Jlod o 5lad o ad)S dons
g 3w lpp (hpj cage 3 byl Jlod b sy
wagl (1) )b chillae 398 00y by Cgix 4 (olab
kol Sy lid oSl 9 Ly aw HLiS sl add
3909 b o)l D95 aiely g sl jne (LSl y3 (5L
ol ody VB syl s @ ohusjle plisl G5 &
Suser )] Jole b VB adg> maw 3 )b Gl
Al 5 Gk Ol )l Rl L g andhy (g )bolise
yio VYOV b Oy o] g ol asly Liol33l Jles
2 b pelailag aly ()l cp e by gaw I £l

5 § 5 % 8 58 &

YR oyle W by prdaws Hlid aiis —VY s
Figure 11. Sea level pressure map, March 17, 2019



LSS e 1y 5 ) ko el w3y, dll cn

VAD VE Y buns) 9 b IY8 o)loss /e juw Jlo 550l 0jgn o e doliimgh

NS &

NCEP GrADS image

YoV yoyle VWY o JSbgiSa 00+ 515 aiss —VF S YR Loyle VA dbyd prdaws 515 s = VY S
Figure 14. 500 hPa level map, March 17, 2019 Figure 13. Sea level pressure map, March 19, 2019

x
NCEP Reanalysis Daily Averages GrADS image

lev: 50
t Mor 19 2019

g
C:;;b.
&

1

\ ‘ NS R
T AN ]

L4
b NCEP Reanalysis Dally Averages GraDS image MAX=5829.5 NCEP Reanalysis Daily Averages GrADS image
Vo0 oylo VA Sl giSan B+ 5l s =V IS YoV oylo YA Sl giSan B+ 515 s =V IS
Figure 16. 500 hPa level map, March 19, 2019 Figure 15. 500 hPa level map, March 18, 2019
t Mar |" 2019 & H:u 17 2019

MAX=100 NCEP Reanalysis Daily Averages GrADS image m&l‘x—f'g 5 NCEP Reanalysis Daily Averages GrADS image

VAR osledA (JlygiSa Ade 515 s casby 4l —VA S W JKoligSa Abe 15 ams Cugby 4 —\V S5
Figure 18. 850 hPa level RH, March 18, 2019 Y ele

Figure 17. 850hPa level RH, March 17, 2019



W

e - -

NCEP Reanalysis Daily Averages GrADS imags

SSiS Sble 1 g0l yalb w0y dl Cuon

Ghden (hgyds ke liwl YU ases 3 Jeie (o)L S las puess

=T

YoV oylo VA 50 JKlgiSa Ade 5 s Cugby daids =V S
Figure 19. 850hPa level RH, March 19, 2019

sz by oad g9pd ol sl Jlod 5l o] aidy yoee
odd ol (ool yatwl ] ansly slazel wlpae 5y
Mu9w‘omxm)w@'9bbosbd;°‘&ww
cl 03903 @y |y Sl SG (655 SIS G HUS ) g6
2908 gl 2 oS lagge (6515 5 i 65 S
slab; cplpls Cosl 039381 dalaie ;3 loa (g )luLL Loty &
4 ol byd gy 5l bg)l @8 Jlad 55 5ladeS ailales
s Gl ] 3 b 8 ol 235 s ol o oo
b bolpd blaie ccanl oad )3 by (ngix olgw 3l
OB 953 by 9y p (Sweled JLiseS el 0
Bk blo HALS Cage allansyge adlaio & Cugb)
)9S Jlows Jolow cod Cogby domis 50 sl 0430 )8

Dy bl il ao > A 4 oyle VR 9 VA slajy 4o

I (65 2o
Sge 0)p> > & el pasiie (hagh ol @S
Ly ool Cpside podio YYO/O L Ol o] cealllas
FShe Sy Clgisdr g Cunl 03)5 S 0jg) Vo pglis
i (glas 31 ool b e oll et 05 plolid b
s ol sy Jaime sk Sl e g 1 Ao
busgio job a8 oly i g el Cawd 4 35 09,0 I
2l sl yidp ol Cud sla b 4 G Ao yd YO/AS
b 5 s b gl ghais bs ) Job
Ko o ol WAV il V5 b Sl
Gy 3l ol ogh ygme oS 03 Jits lnl g EdleS
5 Cawl &Ll aobdl Hlpl S0 b g o @,J;_al,,» by
&S dgd oo 0> gliyly olaw by (g9 ol b olojen

Fal%)

1. Abbasi, A. and H. Ghaemi. 2013. Probable maximum precipitation based on synoptic method in Karaj
basin. Journal of Geography and Planning, 43: 145-168.

2. Ahmadi, M., H. Lashkari and P.

Azimi. 2015.

Probable maximum precipitation

of 24 hours and its impact on hydrological hazards in the south - west Caspian region. Journal of
Spatial Analysis Environmental Hazarts, 02: 69-83 (In Persian).

3. Azizi, GH. and A. Hanafi. 2017. Estimation of probable maximum precipitation by using synoptic

method (Case study: Ajichai basin). Journal of Arid Regions Geographic Studies, 02: 55-77 (In
Persian).

. Bahrami, F., A. Ranjbar Saadat Abadi and A. Fattahi. 2018. Estimating probable maximum
precipitation based on synoptic method in GHomrood basin. Journal of Geoghraphical Sciences,
18(50): 61-75 (In Persian).

. Casas, Mc., R. Prohom, M. Gazquez and A. Redano. 2011. Estimation of the probable maximum
precipitation in Barcelona (Spain). International Journal of Climatology, 9(31): 1322-1327.

. Clavet-Gaumont, J., D. Huard, A. Frigon, K. Koenig and B. Larouche. 2017. Probable maximum
flood in a changing climate: An overview for Canadian basins. Journal of Hydrology, 13: 11-25.

. Collier, C.G. and P.J. Hardaker. 1996. Estimating probable maximum precipitation using a storm
model approach. Journal of Hydrology, 183(3-4): 277-306.

. Country Program and Budget Organization. Methods for calculating the probable maximum
precipitation and depth-area-duration curves. Criterion 716.

. Farmanara, S.M. and B. Bakhtiari. 2020. Evaluation of two physical and statistical approaches in
probable maximum precipitation Estimatition in Bushehr Province. Iranian Journal of Irrigation and
Drainage, 13(6): 1612-1622.



SIS (Gle a5 3050 jalb ey ol Cuan
YAY Vo liae g wl /Y8 0jlosd /e jaw Jlo ju5ol 095 o pto dolidings

10.Fernando, K. and S. Wickramasuriya. 2011. The hydrometeorological estimation of probable
maximum precipitation under varying scenarios in Sri Lanka. International Journal of Climatology,
31(5): 668-676.

11.Gangrade, S., S. Kao, C.T. T.Dullo, A.J.Kalyanapu and B. Lee Preston. 2019. Ensemble-based flood
vulnerability assessment for probable maximum flood in a changing environment. Journal of
Hydrology, 576: 342-355.

12.Gorji, M., M. Raeani Sarjaz and R. Fazloula. 2017. Estimation of maximum possible 24-hour
precipitation using local spatial variation in southern Kohgiluyeh-e-Boyerahmad watersheds. Journal
of Watershed Management Research, 8(16): 213-222 (In Persian).

13. Hejazi Zadeh, Z. and T. Salehi Pak. 2002. Estimation of the probable maximum precipitation by using
synoptic method in the basin of Mamloo dam. Journal of the Faculty of Literature and Humanities
(Kharazmi Univercity), 10(35-39): 51-86 (In Persian).

14.Heyman, B., C. Davis and P. Krumpke. 1991. An assessment of worldwide disaster vulnerability.
Disaster Management, 4: 3-36.

15. Jahandideh, Z., B. Bakhtiari and K. Ghaderi. 2017. Derivation of depth - area - duration curves for
estimating areal h probable maximum precipitation in Fars province (Technical note). Iran - Water
Resources Research, 13(2): 99-206 (In Persian).

16. Hansen, E. 1987. Probable maximum precipitation for design floods in the United States. Journal of
Hydrology, 96(1-4): 267-278.

17.Kjha, A., R. Bloch and J. Almond. 2012. A manual to integrated urban flood risk management for
21th century (cities and flooding). the world bank report washington.

18. Khalaji Pirbaluti, M and A. Sepas Khah. 2003. Estimating and mapping 24-h probable maximum
precipitation by statistical methods as compared to synoptic method for Iran. Journal of Water and
Soil Science, 6(1): 1-12 (In Persian).

19.Kim, Y., Y. Kim, W. Yu, S.Oh and K. Jung. 2016. Development of basin-scale PMP estimation
method using grid-based rain search method. Procedia Engineering, 154: 1243-1250.

20.M.Kleina, N., Rousseaua, A., Iris.Freudigerab, D., Gagnona, P., Frigonc, A., and Ratté-Fortina, C.
2014. Development of a methodology to evaluate probable maximum precipitation (PMP) under
changing climate conditions: Application to southern Quebec, Canada. Journal of Hydrology, 519,
3094-31009.

21.Mojarad, F. and J. Masoompur. 2013. Estimation of probable maximum precipitation by using
synoptic method in Kermanshah province. Journal of Arid Regions Geographic Studies, 4(13): 1-16
(in Persian).

22. Moshaverin Khazar. 1994. Phase of justification identification study in Talar basin, scale 1:50.000.
General Department of Natural Resources and Watershed Management of Mazandaran Province.

23.Rezacova, D., P. Pesice, and Z. Sokol. 2005. An estimation of the probable maximum precipitation for
river basins in the Czech Republic. Atmospheric Research, 1-4(77): 407-421.

24. Rezaee-Pazhand, H and B. Ghahraman. 2006. Estimating maximum daily precipitation by multi-
station method: A case study of north Khorasan. Iran-water Resources Research, 2(1): 45-53.

25.Rouhani, H. and R. Leconte. 2018. A methodological framework to assess PMP and PMF in snow-
dominated watersheds under changing climate conditions — A case study of three watersheds in
Québec (Canada). Journal of Hydrology, 561: 796-8009.

26. RohidasChavan, S. and V. Srinivas. 2016. Regionalization based envelope curves for PMP estimation
by Hershfield method. International Journal of Climatology, 37(10): 3767-3779.

27. Sherif, M., M. Almulla, A. Shetty and K.R.Chowdhury. 2013. Analysis of rainfall, PMP and drought
in the United Arab Emirates. International Journal of Climatology, 34(4): 1318-1328.

28.Singh, A., V. Singh and B. Ar. 2018. Computation of probable maximum precipitation and its
uncertainty. Journal of Hydrology, 2(4): 504-514.

29.Svensson, C. and P. Rakhecha. 1998. Estimation of Probable Maximum Precipitation for Dams in the
Hongru River Catchment, China. Theoretical and Applied Climatology, 59(1-2): 79-91.

30. World Meteorological Organization. 2009. Manual on Estimation of Probable Maximum Precipitation
(PMP), (wmo-1045). 1.

31. Yousefi Kebriya, A., M. Nadi and M. Jamei. 2020. Investigation of statistical and geostatistical
methods in preparing the rainfall map of Mazandaran Provine. Journal of Watershed Management
Research, 12(23): 212-223.



Journal of Watershed Management Research, Vol. 13, N0.26, Autumn and Winter 2023 ............cociiiiiiiiiniiiiinieeiieeenen. 188

Estimation of Probable Maximum Precipitation at Talar Basin of Mazandaran
Province using Synoptic Method

Hemmatollah Roradeh?, Taher Safarrad? and Zahra Alikhani Koshkaki®

1- Associate professor of Climatology, Faculty of Humanities and Social Sciences, University of Mazandaran,
Babolsar, Iran, (Corresponding author: H.roradeh@umz.ac.ir)
2- Assistant professor of Climatology, Faculty of Humanities and Social Sciences, University of Mazandaran,
Babolsar, Iran
3- MSc student, Department of Geography, University of Mazandaran, Babolsar-Iran
Received: 6 April, 2022 Accepted: 11 May, 2022

Extended Abstract

Introduction and Objective: Intensity, duration, and type of precipitation are among the data
that are very important in creating floods. Heavy precipitation that turns into runoff can cause
floods and catastrophic consequences. If the highest precipitation that causes flood is calculated,
it can be used to reduce the destructive effects of the flood. The probable maximum
precipitation during the current century compared to the past has increased significantly due to
climate change. Estimation of this parameter is very important and is usually used for
engineering applications and estimating the probable maximum flood.

Material and Methods: In this study, the estimation of the probable maximum precipitation of
the Talar basin in Mazandaran province was studied by the synoptic method. Precipitation
statistics of regional stations and the IDW method were used to draw rainfall maps.

Results: The Zirab station with 245.5 mm recorded the highest rainfall in 7 days and was
identified as the center of precipitation. Using dew point temperature and wind speed, the storm
maximization coefficient was calculated to be 76.1 and the maximum probable precipitation for
a duration of one to seven days was obtained, which on average the rate of increase in
precipitation according to the maximum probable precipitation is 75.96%. Examination of sea
level maps and 500 hPa level in the storm of March 17, 2017, shows that a low height is located
in Iran, the axis of trough starts from the east of the Black Sea and continues to the center of
Iran and in the west, it can be seen on the high Black Sea. Its ridge axis starts from the north of
the Blacking Sea and extends to the southeast of the Mediterranean. The trough with very strong
vorticity and a strong ridge next to it formed a Blocking.

Conclusion: Deployment of the Blocking and the embedment of short waves in front of the
trough added to the unstable weather conditions in the area. The low-pressure system in
northwestern Europe crossed the Black Sea and western Iran, then entered the southern shores
of the Caspian Sea. Deployment of low dynamic pressure on the Caspian Sea Moisture fluid
from the sea to the study area increased the precipitation system .As a result, the relative

humidity of the northern coasts of the country reached 90% on March 17 and 18, and in the
design of hydraulic structures, emphasizing this storm, the maximum possible rainfall of 4 to 6
days should be considered, which was estimated stronger than other continuities.

Keywords: Basin, Probable maximum precipitation, Precipitation, Synoptic, Storm



