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Abstract: In this study, the flood vulnerability of the Bandan watershed due to drought and vegetation
change was assessed. Annual rainfall fluctuations and drought periods were determined using the
normalized percentage index. Physiographic features of the watershed, such as gradient, were extracted
from the 30-m resolution DEM using ArcGIS 9.3 software. The soil hydrological group map was
created by superimposing soil, geological, and gradient maps. The vegetation cover index (NDVI) was
obtained from ETM+ and TM Landsat images in the spring of 1990, 2006, and 2009 using ENVI 4.7
software and classified with a factor of 0.1. A land use map was created using satellite images and used
to extract the final CN map (in three periods) using superposition analysis with hydrological groups
and NDVI maps. The results show that the weighted average CN changed from 69.8 in 1990 to 73.9
and 71.7 in 2006 and 2009, respectively. This indicates that drought is a major concern and will increase
the risk of flooding in the region in the future.
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Introduction: Drought and flooding supposed to be major problems, in arid and smi-arid region specially in
Southeastern part of Iran. Whether they are related together or not, it should be main concern on these phenomena
due to causing severe problems in Southern Khorasan watersheds such as Bandan catchment. Generally, the three
basic features of a watershed, including soil, vegetation, and topography, manage hydrological changes in the form
of rainfall-runoff and erosion processes. The two characteristics of soil and topography do not have short-term
changes and can be considered as static factors. However, changes in the hydrological response of a watershed on
a medium- and long-term scale depend on changes in the type and distribution of vegetation (Miller et al., 2002).
Also, the hydrological effects of land use and vegetation management are manifested in the form of changes in
runoff depth, minimum flow, maximum flow, soil moisture and evapotranspiration (Sika et al., 2003). Therefore,
it is not far from expected that the flooding changes in the study area (Bandan watershed) are due to changes in
vegetation density and are affected by the occurrence of a relatively long period of drought, which is considered
as a hypothesis in this study. The results of such research in projects related to the development of deprived areas
should be considered to be used in policies related to settlements and villages in the region (South Khorasan)
whose development index is not relatively appropriate.

Methodology: First, maps of watershed, sub-watersheds boundaries and watershed gradient were created using
digital elevation model (DEM) in Arc GIS 9.3 software. Then, gradient and soil map were combined together
using overlay analysis technique, to obtain the hydrological group maps of watershed. Also, the land use map was
created using ENVI software. Next, the Normalized Difference Vegetation Index map (NDVI) was prepared using
satellite images. The Curve Number (CN) map was classified into appropriate classes. Finally, the discharge and
runoff height estimated in different sub-watershed using the US Soil Conservation Service (S.C.S.) method and
the runoff amount compared with the drought index. The research results were analyzed to determine the role of
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droughts in connection with vegetation and flooding within all sub-watershed.

Result and discussion: Examination of NDVI maps (Fig. 6) show that in June 1990, i.e., before the onset of the
drought period, 84.98% of the catchment area in the class (-0.1 to 0), 13.87% of the catchment area in the class (0
to 0.1) and the rest of the watershed surface, which can be ignored, is located in other classes. Therefore, by
examining and comparing the vegetation index of Bandan watershed, it can be stated that the vegetation of the
watershed in early 2006, (which was the peak of the drought period) changed compared to the cover of 1990,
which was before the drought period, and its vegetation density has decreased.

The combination of slope, soil and geological factors has led to the placement of 62% of the watershed surface in
hydrological group B, which has a moderate ability to produce runoff. The distribution diagram of the soil
hydrological group of Bandan watershed is presented in Fig. 7b.

It is the only vegetation factor that has changed due to the occurrence of drought and has led to changes in flooding
and runoff curve number of the watershed. Based on this, runoff curve number maps were prepared for the studied
years and the average weight of CN for previous years and during the drought period in the watershed and its sub-
watersheds were calculated using Arc GIS9.3 software. The results are presented in Table 3.

As Fig. 3 shows, the amount of CN in 2006 and 2009, (which were affected by drought), compared to CN in 1990,
(which was normal), has increased at the level of sub-watersheds and the whole watershed, but this increase is
proportional to the changes in NDVI index and consequently to the annual rainfall. The D1 is the most flood-prone
sub-watershed that in addition to the high value of CN of this sub-watershed (due to drought fluctuations), other
reasons for the intensification of flooding can be the Marne Formation and the frequency of sloping surfaces. Sub-
watersheds of the H and the C are in the next flood category.

Conclusion: According to the average value of CN, it was concluded that the Bandan watershed has experienced
an above-normal year in 1990 and the period of drought in 2006 and 2009. The results showed that drought has
increased the amount of CN, and in the other words the potential for runoff production in the study watershed. In
watersheds such as Bandan, especially in arid and semi-arid regions increasing the amount of CN, in return leads
to increased flooding potential. Determining the exact relationship between NDVI and CN obtained in pastures
with perennial shrub and shrub species, considering that shrubs, whether green or autumn, may play their role in
flood control and soil conservation. Whether or not they can be a good suggestion for future research.
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Fig. 4 Soil hydrological groups in Bandan watershed
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Table 1 Minimum infiltration intensity in soil hydrological groups

Soil hydrological = Permeability intensity Soil type Runoff generation
groups (inches per hour) typ ability
A More than 3 Sand and gravel Low
Sandy loam, sandy clay R
B 1.5-3 . . Medium
C 0.5-15 Loamy, clay loam with hard layers in depth High
D Less than 0.5 Clay, saline soils, rock, asphalt road, Very high

concrete
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Table 2 The curve number value for the soil hydrological groups and its vegetation cover

Rangeland Condition A B C D NDVI Index
77.48 83.98 89.48 91.49 -0.95
74.32 82.32 88.32 90.66 -0.85
Poor 71.16 80.66 87.16 89.83 -0.75
68 79 86 89 -0.65
64.84 77.34 84.84 88.17 -0.55
61.68 75.68 83.68 87.34 -0.45
58.52 74.02 82.52 86.51 -0.35
55.36 72.36 81.36 85.68 -0.25
Medium 52.2 70.7 80.2 84.85 -0.15
49 69 79 84 -0.05
47.57 67.86 78.29 83.43 0.05
46.14 66.72 77.58 82.86 0.15
44.71 65.58 76.87 82.29 0.25
43.28 64.44 76.16 81.72 0.35
41.85 63.3 75.45 81.15 0.45
Good 40.42 62.16 74.74 80.58 0.55
Rangeland condition 39 61 74 80 0.65
37.57 59.86 73.29 79.43 0.75
36.14 58.72 72.58 78.86 0.85
34.71 57.58 71.87 78.29 0.95
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Table 3 Frequency distribution of NDVI index classes in Bandan watershed
NDVI 1388 NDVI 1385 NDVI 1369 Averag
Class
Frequency Frequency Frequency Frequency Frequency Frequency e class domain Row

(%) (%) (%) value

0.00 0.00 0.00 0.00 0.00 0 -0.95 (-1.0_-0.9) 1
0.00 0.00 0.00 0.00 0.00 0 -0.85 (-0.9 -0.8) 2
0.00 0.00 0.00 0.00 0.00 0 -0.75 (-0.8 -0.7) 3
0.00 0.00 0.00 0.00 0.00 0 -0.65 (-0.7_-0.6) 4
0.00 0.00 0.00 0.00 0.00 1 -0.55 (-0.6_-0.5) 5
0.00 3 0.00 0.00 0.00 1 -0.45 (-0.5_-0.4) 6
0.00 11 0.09 23.15 0.00 10 -0.35 (-0.4_-0.3) 7
0.01 293 24.18 612911 0.00 25 -0.25 (-0.3 -0.2) 8
1.92 48707 75.37 1910654 1.11 28143 -0.15 (-0.2_-0.1) 9
67.21 1703654 0.26 6572 84.98 2154246 -0.05 (-0.1_0.0) 10
30.73 779088 0.06 1558 13.87 351530 +0.05 (0.0 +0.1) 11
0.10 2459 0.02 580 0.03 712 +0.15 (+0.1_+0.2) 12
0.02 465 0.01 150 0.01 141 +0.25 (+0.2_+0.3) 13
0.01 133 0.00 41 0.00 41 +0.35 (+0.3_+0.4) 14
0.00 52 0.00 3 0.00 15 +0.45 (+0.4_+0.5) 15
0.00 8 0.00 0 0.00 5 +0.55 (+0.5_+0.6) 16
0.00 0 0.00 0 0.00 3 +0.65 (+0.6_+0.7) 17
0.00 0 0.00 0 0.00 0 +0.75 (+0.7_+0.8) 18
0.00 0 0.00 0 0.00 0 +0.85 (+0.8_+0.9) 19
0.00 0 0.00 89 0.00 0 +0.95 (+0.9 +1.0) 20
100 2534873 100 2534873 100 2534873 Total
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Table 4 Changes of CN value in the Bandan sub-watershed in different years

PO FUNOV 5 PGV S [ P S VE FOWRN S5 JEARTS

CN Mean value CN 1388 CN 1385 CN 1369 Sub-watershed Number
71.89 71.75 74.27 69.67 A 1
72.66 72.54 74.64 70.81 B 2
73.32 73.29 75.22 71.47 Cl 3
73.44 73.31 75.45 71.58 2 4
78.10 77.98 79.7 76.62 DI 5
72.70 72.55 74.53 71.04 D2 6
72.02 72.03 74.01 70.04 E 7
70.95 70.96 73.05 68.86 F 8
72.97 72.96 74.88 71.07 G 9
74.71 74.66 76.6 72.87 H 10
67.33 67.17 69.81 65.02 K 11
72.73 71.74 73.9 69.88 Main Watershed 12
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Table 5 Runoft height and flood peak discharge with different return periods for Bandan watershed

1369 1385 1388
Return 24-hour Runoff Peak Runoff Peak Runoff Peak
period precipitation height Discharge height Discharge height Discharge
(Year) (mm) (mm) (m?3/s) (mm) (m?/s) (mm) (m?3/s)

5 38.61 2.21 83.85 3.87 146.63 2.92 110.60
25 62 10.75 407.26 14.51 549.72 12.32 470.53
50 72 15.64 595.85 20.33 770.01 17.76 673.82
100 80 20.62 784.87 26.03 986.00 23.13 875.42
200 92 26.75 1012.85 32.80 1242.20 29.37 1116.61

s ol ade> 10 Jley Jlu 4 s O gl (090 Ol o y0 # Jou

Table 6 Percentage changes of flood peak discharge compared to normal year in Bandan watershed

1385 1388
(yaer) Qmax (%) Qmax (%)
Return period Peak discharge  Peak discharge

5 75.67 31.85

25 34.78 15.58

50 29.21 13.02

100 26.20 11.52

200 22.61 10.21
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5- List of symbols

Q (mm) Runoff height

P (mm) Rainfall

S (mm)  Surface storage

tP (hr) Time to peak

A

(Km2) Area

Q Max .

(m3/s) Peak discharge

DEM Digital Elevation Model

NIR Near Infra Red

CN Curve Number

NDVI Normal Difference Vegetation

Index
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