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Figure 1. Location of Khorramabad Watershed in the province of Lorestan and Iran
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Figure 2. Cause—effect diagram of the DPSIR framework for flood risk management in Khorramabad watershed
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Table 1. Criteria and indicators for the DPSIR components developed for Khorramabad watershed
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Figure 3. Khorramabad watershed land use map for the years a) 2003 b) 2011 and c) 2019

1- Maximum Likelihood Classification
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Table 2. Frequency distribution of land use classes in 2003, 2011 and 2019 in Khorramabad

watershed
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Figure 4. The trend in curve number of the Khorramabad watershed in the years 2003, 2011 and 2019
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1- Cronbach Alpha Method
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Table 3. Calculated Cronbach's alpha for the variables of each component of DPSIR method in Khorramabad

watershed flood management
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Table 4. Quantitative values and importance of different components and indicators of DPSIR model for flood
management in Khorramabad watershed

. slel Jlo . . .
=2 TR WA WAY o= e ”
YIVA FYAYY.  FF.YY. YLsVSY 313l slass A Cuymes
y/ay \a/vs VEIVA \a/oy olagd a8l i
, W & e (g9y8
Y/¥o FFFYYY I\ R v NN (slas) (ol asly L5 dmwgy (5l
VIAD SYVYEIY  s¥.0/F DSVAAY (H1S) (65y5UiS” sl o grbans $5y5biS dags
VA WYF AARRY Ve 0F (yo5kS) ol> Jobo 2odls dnwgs
Y/ Y ERIAR /¥y SPI Shsis s
Al FISFAY  FYWY\S asasas (slass) Sljle als ol asg 3ljle pls sl ’
YISA £A £5 sy (CN) Sy, e oyles ool glas 5 ialsél
) WAIA VEYIY VR el 0153 33 S (3 1o Lawgte S Cumds
(455 o o) )
VY A . . Sl Sl olass S ol i
VIVA VASOAY.  AAYA) YA (b oabse) ylus Sl ylus 7
V¥ B Ve Vo Cunor M3) &3 Cumoz A5 ¢ inlS
o YYOsFY AAZSS yya.y () simiuo sol8)luisS galy cussS simno sbslaely dang
¥l5 Q08 200 VY (o) )54 5 o8byds sy a8 Conlune
VaAs . VFEQ LSa) (oI5 S5 Sin iudyy Cashs ol
¥ Al (Hkse) ) .JS*? 9 Litio o5 9“1 o ol Soiglen ol fol
vas NV A o s il ddgle (LS L s ol)l cuisls colue
(L)
YIAA YYF-0 FEYVY VFYS. (canSio yia) 0813 y50l8 o>
VAATFS YYOA Yos- (o yio) 08l 3l Mo (S por> . i
ARGV A R (caSnye) ol o] (e aSits e il (S oLl
YAFSA VEva- YFa.Y (asSoo si0) 0l 2l (SB- Ay g G y35 o>
£/a0 YA« ¥ L OFF R0 (HlSn) ol ol <SGl g ol 5 vl ol pl SlSoge cloldl
YIYD YEFAY AYSOA Yvayy (Sa) w515 )3 ol p! Colis
YOAYA- FAY-OY.  WYEY.VY (i) by (glyn o po sl ] Colun w0l a] (2 pie lolidl
1vaa YEAYY MDY (HSa) o8 (6,5 USin 5 Blis 3blie Conluwe
] I e L clac
FAY OAVED  VAYDOF  DAVAY (Ul osedee) B3l & e clackes syl o slacales

Joo Shlud Gl

Iy @YU colue Jds cpl 4wl oad o cblis Jlo tix )0 (ol 56 G &S ne cpl 4 wilanish Sliger il ol ) Sl s 5l e cloladl

O Lials wlos,S Byme el o Juw jhad saSuads
SN olge ) dilaie 3 @lhe g b S gaw 3 oy
85 5l )3 ddate )3 S e (Slag e Cupl Sladely
Feelnt 5 S cadb coleyprs Jda biie
g 038 S8 b g Sl o 4 3 e oo
(A) sl 0ad (535 S 9 Ulgy Mg a8l ot
Jols (Lt ailg (gl odd 48,8 Ly el yasli
3 ib Jocis (VoA 45y 5:S5ke U) laodls aswys
Osbe L) Slile ol 352y (V) 45y (5650ke L) uldl s
dilais dtmol) J}b &S AR 0 ULAAJ CJLJ ..\a.wl;go (Y/;A
oy dawg Cowl aLBl arwg yoghS YA & K3
My g Olileyd 0dd G ) pdlded aw 3l
S s Gl 4 calesp g odls il Gl
by i Hlid addge oS tie SIS (V) dgu o0 yoeie
O e & LlgT e aS 0358 D5l pld sliai W Koy ials
Ol 5 48 hgbplen di e S SS LS by Ll
gl 5l oslital (g Jgolies sbisS Slile ol sy ol
Sy Jlede ogill (g)hd plizpn 5 Cunl adate alS
sly 0 Gnlel SOl sy Lot e lawegie
33855 1) glogl pAd Pamdy o Ml (oo o)led
(i slad a5l Cundg dllge qwyp lp S (0

Sloaly olaid] de3 o

S o 5900 Sl o alike (sl sl R ol

g 03d By GLlid)lS g gl g il umsg Lid
A S e ades 3 Sl (nl Jelemcde jages
(VWA 45 (550ke b) (somer Sl Julge 45 g9
L) oylnlinlye (ool (YAY sy Sl L) uldlynss
45y oSl L) (659liS amwgi 9 (VYO 45, Sle
Ol cpl Jl g WAl Al wre Jelos plgsar (VA
Olelid)l5 23 5l 5y belge plgisas Cuner g @l
A Gz 138l (cLoS odel Cusddy ol SAD ysd
Cuner Gl sl 039 Jlai 3)90 a2> 3 ()85 in
g odd adale ambalie Sl ygose ORIFl aee
Oer g JoSis WS SeS (55 Jow Sl 4 Al
Ol &5 w38 ssmliie S Il > (pliwg) ) 3 (V)
S3ogLiS (O] drwgi (6 ) D s dmie Cuner
dawgs D5 Jloddy Cumes vl 381wl 00 Waoly drwes 4
sl 1y oy g lezsle day daosls aiile bedloy;
Sllyy Mg oo pAlded waw il b oS il
ol g el Lol S g ead i
S odle g (2lS by el Jha SBpddel
(VF) ohlen 5 o2 @bt 2gd e Jow s Gl e
s (V) Ser s nlgw canl pol (e bS50
Jolos Olgisas oo IS 0 |y Caner (LIS 5 0l



w29 Blo ol 5 2lias Jloa (38 (05 pl )

A sUlpss s5ul ojg> 3 L pte Slagl Jilod o e 315 5 g0 (Jslee —cls Jalgs syl

&S ol b ol atib S li8l ddleie
a8 abb e dlile ply g ply LralS cuwl 1ial Jlyd (o205
gy pial g (anbale p lis GRall 4 Gls wls
JHe b i jlad oS gl <S5 (0) 298 e
LSy o Sl 5 oo Jolse &S 5l L DPSIR
2 J.ula.u olud f:‘.?u‘ u;dau Olaludl a8 Wl Cuw
o u‘?’u" Eootmayd il NS5 Jow Jlas oaals
JUid o39: ol jdl 4y ) Adg> 5> (GhdJuw L9y S S5
Opde ol ol Lals Jb g0 &S e slagys 5l LEL
Al aib e G oSSl add By slacusls
P Ao gy ©p8 p wilgn & npse slagl
G Majls g s ul Ol I @)l sl ge aidlaie
Sleb b g odly 095 &S cubly do g Wb aull .l (g
Ll sy eemdy aad )8 )AJLM TRV RP VI PR W
ol e Copde g & (olide (p et
2 Low a5 w5l ool ol daws )5 Byxe ddg>

e i) 6

P18 g S

g g)lSen ‘R Tk CIB > dlis )
[SPWV) o)‘.w.i} Ls d)l.))m] 9 S ocbls Omsﬁ
0 el sl 0ad el i) el (b alie
sl Jolye adS 53 S1he ol ()80 51T sy 0 p5Y
ioled (63l dilesens 75k

& ool8l Ly e 5 Vool el ol sl 03,
kool Gl g (s (608 e ez 9 oy
Candg yid (yp slp D98 O (23 AIjBI ot
sleas, u*ﬂw L Wﬁ‘b) Sy Jlo Clled g
S ar g Jb ahlud pa oS o i ol cé S
@ e Jow 3l amd ) b lad) ljl 4 gy Cade
4 amd o s o Wodly 5 Cuol ol a8 A abaniS
lazdly [l g glplo s sobods i 03y (slaaiy o
Canazr Mb) sl Jolib 0 Byn0 (0550l slacunlew
) (1l L) ol )lels anwgs MY 45, (150ka L)
SlSo celajpe, ol (clablis o (ol (0/)
3 (V1A 45, (sSiln L) (Sl (TIA a5 (S 1)
Il slaceles 5 (F5 ag) ke L) (Sojslon
u.ul.wl); Ll 03¢ (\‘:/\/‘\c Ad) ua.it[m l)) ulf).».)w‘
L mtuo slagyliely dawgs sadploal oty yd (sa0ds,
OsSlke b osdlpl (Solege ol 5 0/Y as) (1Ko
iyme dblps sl cupte cuglyl 93 YA 4,
w255 Jl @Sl B 5l adex )8 dgme wlesd
Ol cpl bawgs oS> sl b g &y0 9 LSS
o lsss |y ol Lol Jds olszy wls Slosds b yms
Sl g 5 01 i B sl sl
dihie 1) b Cundg & CuiS p Llg o &S Cuh
Cazen I (FYY) 35l Seoys o b g 5ladd jlows
A By Jew slad Gials bl I (So plyiea o5
Cuzer &S 1a il 03)95 CanSll gwlow (g5 0 1)

&l

1. Adedeji, O.A., E.M. Olafiaji, F. Omole, J.A. Olanibi and L. Yusuff. 2014. An assessment of the

impact of road transport on rural development: A case studv of Obokun local government area of
Osun State, Nigeria. British Journal of Environmental Sciences, 2(1): 34-48.

. Aaricultural Jihad Oraanization of Lorestan Province. 2020. Flood damage data entered the
aaricultural sector of Lorestan province. htto://www.ailorestan.ir/.

. Bruno, M.F., A. Saponieri, M. Molfetta and L. Damiani. 2020. The DPSIR Approach for Coastal Risk
Assessment under Climate Chanae at Reaional Scale: The Case of Apulian Coast (ltaly). Journal of
Marine Science and Engineering, 8(7): 531-543.

. Cammalleri, C., C. Arias-Mufioz, P. Barbosa, A. de Jager, D. Magni, D. Masante, M. Mazzeschi, N.
McCormick, G. Naumann, J. Spinoni and J. Vogl. 2021. A revision of the Combined Drought
Indicator (CDI) used in the European Drought Observatory (EDO). Natural Hazards and Earth System
Sciences, 21(2): 481-495.

. Corella, J.P., G. Benito, B. Wilhelm, E. Montoya, V. Rull, T. Vegas-Vilarrabia and B.L. Valero-
Garcés. 2019. A millennium-lona perspective of flood-related seasonal sediment yield in
Mediterranean watersheds. Global and Planetary Change, 177: 127-140.

. Dash. P. and M. Punia. 2019. Governance and disaster: Analvsis of land use policv with reference to

Uttarakhand flood 2013, India. International Journal of Disaster Risk Reduction, 36: 101090.

. De Martonne, E. 1926.Une nouvelle fonction climatologique: L’Indece d’aridite. La Meteorologie, 2:
449-458.

. Garcia-Ruiz, .M., J. Arndez, S. Begueria, M. Seeger, C. Marti-Bono, D. Regiiés and S. White. 2005.
Runoff aeneration in an intensively disturbed, abandoned farmland catchment, Central Spanish
Pyrenees. Catena, 59(1): 79-92.

. Ghobadi, M., M. Ahmadipari and E. Salehi. 2016. Flood Risk Assessment and Zoning of Human
Settlements in line with Sustainable Development usina Fuzzv AHP in GIS Envoronmnet and DPSIR
Model (Case study: Abali). Journal of Environmental Science and Technology, 18(3): 351-363.



w2 Flo ol g olhae Jlor (xS (oS el
a V) il g 5lee /Y0 oyl /omd s Jlo juul 0jgn o e deliiimngh

10. Gregory, AJ., J.P. Atkins, D. Burdon and M. Elliot. 2005. A problem structuring method for
ecosystem-based management: The DPSIR modeling process. European Journal of Operational
Research, 227: 558-569.

11.Hammond, M., A.S. Chen, J. Batica, D. Butler, S. Djordjevi¢, P. Gourbesville and W. Veerbeek.
2018. A new flood risk assessment framework for evaluatina the effectiveness of policies to improve
urban flood resilience. Urban Water Journal, 15(5): 427-436.

12. Hansson, K., M. Danielson and L. Ekenberg. 2008. A framework for evaluation of flood management
strateaies. Journal of Environmental Management, 86(3): 465-480.

13. Jafari Shalamzari, M., W. Zhang, A. Gholami and Z. Zhang. 2019. Runoff Harvesting Site Suitability
Analysis for Wildlife in Sub-Desert Regions. Water, 11(9): 1944.

14.Jam, AS., J. Mosaffaie and M.R. Tabatabaei. 2021. Assessment of comprehensiveness of soil
con?egvation measures using the DPSIR framework. Environmental Monitoring and Assessment,
193(1): 1-19.

15. Karimi Sangchini, E., M. Ownegh and A. Sadoddin. 2016. Landslide Hazard Management for Two
Normal and Critical Scenarios in the Chehel-Chav Watershed, Golestan Province. Journal of
Watershed Management Research, 7(13): 181-173 (In Persian).

16. Mansourfar, K. 2006. Advanced methods of statistics with computer programs, University of Tehran
Press, Tehran.

17. Meteorological Organization Lorestan province. 2020. Rainfall and temperature statistics of the last
20 vears in Lorestan province stations. htto://www.lorestanmet.ir.

18. Mosaffaie, J., A.S. Jam, M.R. Tabatabaei and M.R. Kousari. 2021. Trend assessment of the watershed
health based on DPSIR framework. Land Use Policy, 100: 104911.

19. National Disaster Manacement Oraanization of Iran. 2019. Statistics of flood damaae in Lorestan
province in 2019. Crisis Manaaement Office of Lorestan Governorate. http://bohran.ostan-Ir.ir.

20.Ningal, T., A.E. Hartemink and A.K. Bregt. 2008. Land use change and population growth in the
Morobe Province of Papua New Guinea between 1975 and 2000. Journal of Environmental
Eanagement, 87(1): 117-124.

21.0lson. K. 2010. An examination of auestionnaire evaluation by expert reviewers. Field Methods,
22(4): 295-318:; doi: 10.1177/1525822X10379795.

22.Ponadi¢. S.N. 2021. Flood prevention in Serbia and leaal challenaes in obtaining the land for flood
risk management. Environmental Science and Policy, 116: 213-219.

23.Rashvand, S. and J. Mosaffaie. 2013. Investigation of human population pressure on environment
Case study: Masile basin of Qazvin. Human and Environment, 11(25): 41-55.

24. Reaional Water Company of Lorestan. 2020. 20-vear statistics of Khorramabad river water discharge
recorded at Cham Anjir station. http://www.lIsrw.ir.

25.Rehman, J. et al. 2019. Applying systems thinking to flood disaster management for a sustainable
development. International Journal of Disaster Risk Reduction. 36: 101-111.

26. Safaripour, M. and N. Rezapour Andabili. 2020."Miyandoab Flood Risk Mapping using Dematel and
SAW Methods and DPSIR Model. Advances in Environmental Technology, 6(2): 30-45. doi:
10.22104/aet.2021.4766.1287

27.Sheikh, V.B., M. Jafari Shalamzari, A. Farajollahi and P. Fazli. 2016. Soil erosion under simulated
rainfall in loess lands with emphasis on land-use, slope and aspect. Ecopersia, 4(2): 1395-1409.

28.Simonovic, S. and T. Akter. 2006. Participatory floodplain management in the Red River Basin,
Canada. Annual Reviews in Control, 30: 183-192. 10.1016/j.arcontrol.2006.05.001.

29. Statistical Center of Iran. 2020. Database of different departments of Lorestan province,
https://www.amar.ora.ir/

30. Swain, D.L., O.E. Wing, P.D. Bates, J.M. Done, K.A. Johnson and D.R. Cameron. 2020. Increased
flood exposure due to climate change and population growth in the United States. Earth's Future,
8(11): e2020EF001778.

31. United Nation. 2004. “International Strategy for Disaster Reduction. Guidelines for Reducing Flood
Losses”.

32.Vatanfada, J., F. Avarideh, A. Najafi and M. Tabatabaeei. 2009. Integrated Flood Management in
Iran. Flood Prevention Committee, 11-14 (In Persian).

33.Wang, W., Y. Sun and J. Wu. 2018. Environmental Warning System Based on the DPSIR Model: A
Practical and Concise Method for Environmental Assessment. Sustainability, 10: 1728.
https://doi.org/10.3390/su10061728

34.World Meteorological Organization (WMO). 1993. Drought and desertification. WMO-TD 605,
Geneva: WMO, 68 pp.

35. Yadollahi, P., N. Hassani Jafari, H.R. Zahrabi and B.A.A. Mortazavi. 2020. Management Strategies
for Reduce the Consequences of Flood Hazard with the SWOT Analytical Method (Case Study:
Hamedan- Bahar Plain). Journal of Watershed Management Research, 11(22): 188-198 (In Persian).

36. Zare, F., E. Sondoss, A. Bagheri, E. Nabavi and A.J. Jakemane. 2019. Improved integrated water
resource modelling by combining DPSIR and system dynamics conceptual modelling techniques.
Journal of Environmental Management, 246: 27-41.


https://www.sciencedirect.com/science/article/pii/S0301479719306310#!
https://www.sciencedirect.com/science/article/pii/S0301479719306310#!
https://www.sciencedirect.com/science/article/pii/S0301479719306310#!
https://www.sciencedirect.com/science/article/pii/S0301479719306310#!
https://www.sciencedirect.com/science/article/pii/S0301479719306310#!

Journal of Watershed Management Research, Vol. 13, N0.25, Spring and SUmmer 2022 ..........cc.ouviiiiiiiiieeieeeeee s 10

Prioritizing of Causal — Effect Factors Affecting Flood Occurrence in
Khorramabad Watershed

Ebrahim Karimi Sangchini!, Jamal Mosaffaie? and Amin Salehpour Jam?

1- Assistant Professor, Soil Conservation and Watershed Management Research Department, Lorestan Agricultural
and Natural Resources Research and Education Center, AREEO, Khorramabad, Iran,
(Corresponding author: E.karimi64@gmail.com)

2- Soil Conservation and Watershed Management Research Institute (SCWMRI), Agricultural Research, Education
and Extension Organization (AREEQ), Tehran, Iran
Received: 26 July, 2021 Accepted: 2 September, 2021

Extended Abstract

Introduction and Objective: Since flood dwindles the assets of local communities in villages and cities
by destroying agricultural products, infrastructure, buildings, and machinery, flood management is an
absolute necessity for rural development. Accordingly, one of the basic strategies to control and mitigate
floods in this province is to identify issues in the upstream areas and provide appropriate management
responses to tackle them. Our objective can therefore be stated as follows: (A) Identifying, prioritizing
and determining the trend of changes in the factors affecting flood potential in Khorramabad watershed
during statistical periods, and (B) proposing and evaluating appropriate management solutions to mitigate
driving forces and pressures, improve the state and reduce the relevant impacts.

Material and Methods: The Khorramabad watershed constitutes a major part of the Kashkan basin,
surrounding Khorramabad County. The study area covers 1609 km2. In this research, the issues of the
watershed were identified based on the literature review, questions from experts and also field visits to
further formulate possible coping strategies. The conceptual model included the components of driving
force, pressure, state, impact and response. Based on expert opinions, a conceptual causal-effect diagram
of flood in the region was designed. Appropriate indicators were defined and quantified for each
component of the model. Prioritization problems as well as to determine the most important management
strategies for watershed flood management in Khorramabad, the expert opinion was used. For this
purpose, a Likert scale questionnaire was used as a measurement tool. And the Friedman test was used for
ranking. Also, the trend of changes in each of the DPSIR components was evaluated to evaluate the
problem in time periods.

Results: Results showed that forests and pastures area has decreased by nearly 5% from 2003 to 2019. At
the same time, cultivations have grown significantly by about 4%, where most of the forest and rangeland
areas have been converted into agricultural lands and the natural vegetation cover of the region has been
significantly reduced. The remaining one percent is devoted to the expansion of cities and villages from
3.3in 2003 to 4.2 in 2019.According to the obtained results, the driving force of climate change (average
ranked 2.93), population pressure (average ranked 2.78), and traditional livestock (average ranked 2.45)
have the most important effect on the occurrence of floods, which in turn leads to reduced vegetation and
land use change. The combination of these factors has caused the production of runoff and flood
discharge in the region to increase sharply and the human and financial damages to increase every year.
To combat this phenomenon, policies have been proposed by experts that are being implemented or can
be implemented. The general results of this study show that the trend of flooding in this watershed is
increasing, the pressure caused by driving forces, especially the number of surplus livestock in the
watershed (with an average rank of 3.15) is intensifying. Managers' ability to reduce the power of the
driving forces was very limited and the policies introduced were not able to response the need. Natural
resource management protection measures (average ranked 4.95) and government financial support for
flood compensation (average ranked 4.73) are the first and second ranks of managerial responses,
respectively.

Conclusion: Indicators for the pressure component include road development, drought, excessive
livestock grazing, and poor land management. Accordingly, the road network has expanded in the region
over time. Road development is one of the general policies of any country to be able to access remote
areas and to simplify their development. In this research, consulting experts introduced various policies
that have been implemented or could be implemented to improve the watershed’s condition. Response
policies introduced included depopulation, promoting modern livestock production methods, coping
management programs including structural and biological methods, and finally providing flood mitigation
assistance grants. Based on the pairwise comparisons, depopulation and modern livestock production
methods are the two top management priorities in the region. But as was mentioned earlier, the pursued
policies have failed to control the maximum flood discharge. As the weight of the driving force
component suggests, the introduced responsive policies are either insufficient or ineffective in lowering
flood risk in the watershed.

Keywords: Conceptual model, DPSIR method, Friedman test, Ranking of cause—effect factors,
Suggested policies



