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Figure 1. Geographic location of study area.
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Table 1. Area of each land use type in the study area for present condition.

(Ao y3) C-luws ()L&ch) Coles f‘)‘ ng)ls
Area (%) Area (ha) Land use
5 5|0
2.03 210.92 i
Rangeland
Ledes S
17.92 1864.08 Sl
Semi-dense forest
e [
732 7614.7 e 5
Dense forest
> sl
3.06 318.49 e
Dry farming
Teelys
3.79 393.77 o
Irrigation farming
100 10401.96 F
Total
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Figure 2. Land use map of the study area at present condition.
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Table 2. Developed scenarios for the JafarAbad watershed.

e 45 2ol
Management option Scenario
w23 2Ll 4 oSl eans MK 5L s Y gl
Conversion of semi-dense forest to dry farming lands Scenariol
S byl 2 a4 sy ol e 0 (S i Y sl
Expansion of farmland into forest up to 500 Scenario2
#Snaas S o1l gl Yok
Restoration of semi-dense forest Scenario3
> 2l 68 K f b
Afforestation in dry farming lands Scenario4

Scenario 2 ¥ s b
B dense forest aS)ia
[ dry agriculture s G
[ irigiated agriculture s S
range land &

:100,000
[ semi dense forest ¢S ims A -5

T T
290000 296000

Y sl
Scenario 2

295.000

Scenariod ¥ s i
I dense forest S sima J—Sin
[ ] irigiated agriculture — <—is

-~ | range land &

[ semi dense forest a5t i e o514 100000
290000 296000
¥ b
Scenario 4
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Figure 3. Land use map of different management scenario.
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Table 3. Selected events to evaluate the effect of land use change on flood hydrograph.

(b cnSla ) Sy o S,

Peak discharge (m’s™) Event date

(o) JS 20k (xS a8 s o
Total rainfall (mm) Flood volume (1000 m’)
12.4 487.87
24 3094.78
17.6 2359.44

16.42 23, 24/10/1997
61.66 6,7, 8/5/1994
96.54 20, 21/05/2005

(e Sl 2 Sl el s e e G55 Sle pslie -t Jgaer
Table 4. The watershed’s weighted values of curve number for each management scenarios.

ARSI ¥ b ¥ b Vsl S5 sh 2
Scenario 4 Scenario 3 Scenario 2 Scenario 1 Present condition
69.79 69.74 71.17 72.56 70.41
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Figure 4. Effect of management scenarios on flood hydrograph of event on 6, 7, 8/5/1994.
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Figure 5. Effect of management scenarios on flood hydrograph of event on23, 24/10/1997.
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Figure 6. Effect of management scenarios on flood hydrograph of event on 20, 21/05/2005.
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Table 5. Simulated flood volume (1()3 m3) for different events and management scenarios.

Nl AT AT T ot Vsl
Present condition Scenario 4 Scenario 3 Scenario 2 Scenario 1

S 5S slas

12.46 12.36 12.29 12.65 14.58
Low flow event

L g sl

91.65 65.65 65.29 66.15 67.45
Medium flow event

\_f)}_‘ slas

110.35 109.88 108.72 111.01 114.91

High flow event
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Table 6. Simulated peak discharge (m3/sec) for different events and management scenarios.

Nl AT ¥ b Vst Vsl
Present condition Scenario 4 Scenario 3 Scenario 2 Scenario 1
S 58 sl
511.18 488.47 499.31 524.48 559.99
Low flow event
L g sl
2807.38 2763.04 2778.95 2842.71 2916.24
Medium flow event
\_f)}_‘ slas
4096.06 4022.13 4033.85 4162.36 4293.90
High flow event
20
151 B low flow event <5y 5S Jas
10  Medium flow event Jawsia 33,
5 ® High flow event &5 s,
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Figure 7. The effects of management scenarios on flood volume.
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Figure 8. The effects of management scenarios on peak discharge.

0583 Bl L Bl (6,8 aas i e sl Ol
Al aSybas b e Sl e 255
0583 3 SN 3 i Sl (6,8 Ol s
CiSib ey 5o Js dopn YWV Wl 0 iS5
das e Olis Aulpdl as s YV/F Lo dl Ve
OLSas 5 Gy 45 s bilan ol s (22)
oealS 5 aLS s sl (5518 55 (2002)
AUYL Ci Sl s b e oD s
2 G S sz 02 (18) 50l 5 508
Wﬁ&J;GMwE&AWJle&JJ{
S Sl Sl B e 4 Cand o
o=l & sl 2006) O, SKes 5 Olas ekl
oSll s Bl w Ol WL @L:;).s REJUIEY
)CFWJMU&&)JJ‘)JMT&;}L‘J
o3l 3ls s il 53l 5 LBl 6 £ 55
R I e L
R R T o -t
ol [ et g O cmlis
S5 Siluand 5l Lol il pioan
@é{;}:ﬂ\)‘&udﬁtﬁdmuﬁ)b
e LB sl el =3 s sl
5 Supdo sl nlale 35 o o 5 Sy

YAY

S 5 o

S35 5 S oS e Sl axdlae oyl s
SldS Ol 3Ll hnr sl o550 Jow 318 5500
st sl Jlem ke b gl s ol
L LS, andly v 5l s cpsls alS s o e
g Ol st (08) sl sl 55 sla

A oslinel byl sl gl 5!
o g L(.S) Cslize gla oo b LS asdly an
G0 = LS, (Som s Sdd s g (L
UL B I RSP =L S P PPRI s
aS sls plES CL:., 3,8 eslanl el 8 s
oS slas b pblS s s ol 208 ks
Jo o 5 7l o S S e S
Ll Ol (2006) ol,Ken JE.:J;- .:)\.lf&a
BN LA)\)'{,_i: “ C?\J.a LS Al s s Sl &S
S SR S e 5 s L gla Sl
o Ly el 5 i e by s sl S50
Glaadlr 0 5 ALS iy sl gLl
Ul o Saob bl d(ad sl cilsall) dan
S s S S Sk s 5 apd e oS
Lo SL Sl ke (SAL IS 4 adsl il
(2006) Ol 5 Olad peeman (10) sl 5L



O g (Gexe (Nizme

=3 P oS e 5 (S| eaed sl K Sloslw 2 sy Gosb Ol adkaie 55 OV LS
SLEL £ 3l o3se) 5w ls STa Jlaad oo b de o 5 gl 23 Ul 81 s e
5> alis Ghlie S0 534S D5 Dommen oo Il 65 sl Sl een 5 0l RalS
O e 205 oo (ol kel 3 | >l 4 OlecdS Ol L el S S )ik 53 (g5 e
oalS S osban b O e 5 sl Rl 2yl S e M Sl s,
das Lol CB s sl o S iy oo e

&l

1.Bahremand, A. 2006. Simulation the effect of reforestation on floods using spatially
distributed hydrology modeling and GIS. Ph.D. Thesis. Vrije Universiteit Brussel, Belgium.
150p.

2.Banasik, K., and Pham, N. 2010. Modelling of the effects of land use changes on flood
hydrograph in a small catchment of the Ptaskowicka. Southern part of Warsaw, Poland. Ann.
Warsaw Univ. of Life Sci. — SGGW, Land Reclam. 42: 2. 229-240.

3.Baron, J.S., Hartman, M.D., Kittel, T.G.F., Band, L.E., Ojima, D.S., and Lammers, R.B. 1998.
Effects of land cover, water redistribution and temperature on ecosystem processes in the
South Platte Basin. Ecol Appl. 84: 37-51.

4.Behnam, P., Samadi, H., Shayannejad, M., and Ebrahimi, A. 2013. Evaluation of Impacts of
Land Use Changes on Zayandehroud River Flood Hydrograph in Isfahan Region. J. Water
Wastewater. 24: 4. 103-111. (In Persian)

5.Beven, K. 2001. Rainfall-Runoff Modelling. The Primer. John Wiley and Sons, Chichester,
UK.

6.Beven, K., and Binley, A. 1992. The future of distributed models: model calibration and
uncertainty prediction. Hydrol Proc. 6: 279-298.

7.Bultot, F., Dupriez, G.L., and Gellens, D. 1990. Simulation of land use changes and impacts
on the water balance - a case study for Belgium. J. Hydrol. 114: 327-348.

8.Ewen, J., and Parkin, G. 1996. Validation of catchment models for predicting land-use and
climate change impacts. J. Hydrol. 175: 583-594.

9.Ghaffari, G., Ghodousi, J., and Ahmadi, H. 2009. Investigating the hydrological effects
of land use change in catchment (Case study: Zanjanrood Basin). J. Water Soil Cons.
16: 1. 163-180. (In Persian)

10.Khalighi, Sh., Mahdavi, M., and Saghafian, B. 2006. Landuse change effects on potential
flooding, using NRCS model (case study: barandoozchay basin). Iran. J. Natur. Res.
58: 4. 733-742. (In Persian)

11.Kim, J., Choi, J., Choi, C., and Park, S. 2013. Impacts of changes in climate and land
use/land cover under IPCC RCP scenarios on streamflow in the Hoeya River Basin, Korea.
Science of the Total Environment. 452: 354-366.

12.Liu, Y.B., and De Smedt, F. 2004. WetSpa Extension, Documentation and User Manual,
Department of Hydrology and Hydraulic Engineering, Vrije Universiteit Brussel, Brussels.
126p.

13.Mohammadi, M., Sheikh, V., and Saddodin, A. 2012. Development and Application of
GFHM Distribute Hydrologic Model for Flood Hydrograph Simulation (Case study:
Jafarabad Watershed, Golestan Province). J. Water Engin. 5: 15. 13-30. (In Persian)

14.Mostafazadeh, R., Bahremand, A., and Sadoddin, A. 2009. Simulating the direct runoff
hydrograph using Clark instantaneous unit hydrograph (Case study: Jafar-Abad Watershed,
Golestan Province). J. Water Soil Cons. 16: 3. 105-122. (In Persian)

YAY



VYAE (0) )lows dTY) s S 5 f cilis gla g}y s puls

15.Munoz-Villers, L.E., and McDonnell, J.J. 2013. Land use change effects on runoff
generation in a humid tropical montane cloud forest region. Hydrol. Earth Syst. Sci.
17: 3543-3560.

16.Neuane, P.P., and Kumar, S. 2015. Estimating the effects of potential climate and land
use changes on hydrologic processes of a large agriculture dominated watershed. J. Hydrol.
529: 418-429.

17.Niedda, M., Pirastru, M., Castelloni, M., and Giadrossich, F. 2014. Simulating the
hydrological response of a closed catchment-lake system to recent climate and land-use
changes in semi-arid Mediterranean environment. J. Hydrol. 517: 732-745.

18.Nichoff, D., Fritsch, U., and Bronstert, A. 2002. Land-use impacts on storm-runoff
generation: scenarios of land-use change and simulation of hydrological response in a meso-
scale catchment in SW-Germany. J. Hydrol. 267: 80-93.

19.0nstad, C.A., and Jamieson, D.G. 1970. Modeling the effect of land use modifications on
runoff. Water Resources Research. 6: 1287-1295.

20.Peters-Lidard, C.D., Zion, M.S., and Wood, E.F. 1997. A soil-vegetation—atmosphere
transfer scheme for modeling spatially variable water and energy balance processes.
J. Geophys. Res. 102: 4303-4324.

21.Saadati, H., Golami, Sh., Sharifi, F., and Ayobzade, A. 2006. Investigation the effect of land
use change on the surface runoff, (Case study: Kasilian). J. Natur. Resour. 59: 301-313.
(In Persian)

22.Saghafian, B., Farazjoo, H., Sepchry, A., and Najafinejad, A. 2006. Effects of Land
Use Change on Floods in Golestan Dam Drainage Basin. Iran-Water Resources Research.
2: 1. 18-28. (In Persian)

23.Sajikumar, N., and Remya, R.S. 2015. Impact of land cover and land use change on runoff
characteristics. J. Environ. Manage. 161: 460-468.

24.Salmani, H., Mohseni Saravi, M., Rouhani, H., and Salajeghe, A. 2012. Evaluation of Land
Use Change and its Impact on the Hydrological Process in the Ghazaghli Watershed,
Golestan Province. J. Water. Manage. Res. 3: 6. 43-60. (In Persian)

25.Scheffler, R., Neill, C., Krusche, A.V., and Elsenbeer, H. 2011. Soil hydraulic response to
land-use change associated with the recent soybean expansion at the Amazon agricultural
frontier. Agric. Ecosyst. Environ. 144: 281-289.

26.Wigmosta, M.S., Vail, L.W., and Lettenmaier, D.P. 1994. A distributed hydrology
vegetation model for complex terrain. Water Resour Res. 306: 1665-1679.

AL



i

ciences and Natural Resources

J. of Water and Soil Conservation, Vol. 22(5), 2016
http://jwsc.gau.ac.ir

Modeling the effects of land use changes on flood hydrograph
(A case study: Ja’farabad watershed, Golestan province)

*M. Mohammadi', V.B. Sheikh” and A. Sadoddin’

'Faculty of Member, Dept. of Reclamation of Arid and Desert Areas, Higher Educational
Complex of Saravan, *Associate Prof., Dept. of Rangeland Management,
Gorgan University of Agricultural Sciences and Natural Resources
Received: 09/05/2015; Accepted: 12/07/2015

Abstract

Background and Objectives: Land-use and land-cover are considered as determining factors in
studies of watershed water resources, soil erosion and sediment yield. A plethora of
computerized simulation of land-use change effects on the watershed processes specially
flooding have been carried out in the last decades. Therefore, due to the significance of land-use
change in the Ja’farabad watershed and its likely impacts on flood hydrograph, in this study,
land-use change effects on flood hydrograph have been studied in Jafarabad watershed in
Golestan province using GFHM (21) distributed model.

Materials and Methods: In this study, land-use change effects on flood hydrograph have been
studied in the Ja’farabad watershed using GFHM (21) distributed model. GFHM (21) model is a
saptio-temporallly distributed hydrological model. DEM, land-use and soil type maps, as well as
precipitation data of the watershed are the main data required by this model. The surplus
precipitation amount is calculated using the curve number method of Natural Resources
Conservation Service (NRCS) is used and is routed through Kinematic-wave method.
Regarding the watershed condition, four management scenarios were developed with different
approaches taken towards destruction or reclamation of watershed.

Results: The results indicated that afforestation on dry farming lands (scenario 4) will reduce
the peak discharge about 0.8 percent and flood volume down to 4.44 percent for small flood
events. For large events this change is 0.43 and 1.8 percent respectively. 500 meter extension of
dry farming land borders into forest (scenario 2) increases flood peak discharge about 1.52 and
0.6 percent for small and large events and the reduction for flood volume is about 2.6 and 1.6
respectively. Also conversion of semi-dense forest into agricultural lands (scenariol) can
increase peak discharge about 17.01 and 4.13 percents and flood volume as much as 9.55 and
4.83 percents for small and large events respectively. The results also depicted that land-use
change affects cloudbursts with low Debi and has more effects on peak Debi and flood volume.
Conclusion: The results revealed that flood peak discharge and volume can be reduced through
non-structural land management actions. Hence, land-use reform plan of watersheds with a
forest reclamation pattern and also changing agricultural land-use into agro-forestry lands
especially olive orchards (the action implemented successfully in most of similar areas in the
Golestan province) significantly increase the interception and initial loss of the watershed.

Keywords: Land-use change, GFHM, Flood hydrograph, Hydrological modeling

* Corresponding Author; Email: mohamadi613@gmail.com

YAo






