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Aims: This study aims to evaluate the Soil Hydrological Response (SHR) under land-use/
land-cover (LU/LC) (current management/current land cover) using a field-oriented and
remote sensing database in the Jiroft watershed, Iran.

Materials & Methods: Land-use maps were extracted from Landsat images using the
supervised classification method for 1987-2017. The results were validated against the field
data from 100 points, where we found the Kapp index to be greater than 80%, indicating an
acceptable accuracy in land-use classification. The LU/LC map was then projected for 2047
using the CA-Markov model. The Curve Number (CN) for each land-use was determined from
superimposing LU/LC and the soil hydrological group map. The Soil Conservation Services-
Curve Number method (SCS-CN) was employed to estimate runoff.

Findings: Rangelands with good (densely vegetated) and moderate vegetation conditions had
a decreasing trend in terms of area (i.e., -2.94% and -3.64% in 1987- 2017), while croplands,
orchards, residential, and saline areas had an increasing trend (by 1.46%, 0.88%, 0.33%, and
7.21%). We found that agricultural lands, saline lands, and residential areas will increase by 0.75,
5.5, and 0.13% by 2047, respectively. The highest Curve Number (CN) values were detected in
desert lands, residential areas, and poor-condition rangelands with the respective values of 88,
88.67,and 84.67. As for 2047, residential areas, deserts, and rangelands with poor conditions with
the respective CN values of 89, 88, and 84.67 would contribute substantially to runoff generation.
Conclusion: We found a considerable increase (up to 6 mm increase) in runoff depth in some
land-uses and more than 3.4% increase in the area of the high runoff producing class (IV).
We believe that higher runoff production potential and more intense and short rain showers
should be considered seriously in terms of possible flash floods in the future.

Keywords: curve number; land-use change; Markov model; remote sensing; soil conservation services.
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Introduction

The effect of land-use/cover change (LU/LC)
on land hydrological processes is a global
concern and a great challenge for research-
ers and policymakers . Understanding how
changes in land-use/cover influence the soil
hydrological response (SHR) would signifi-
cantly improve the land dynamics predict-
ability for land management, especially in
terms of flood prevention, sustainable land-
use management, and vegetation cover man-
agement (2.,

Generally, land cover changes due to envi-
ronmental and anthropogenic factors can
alter SHR Bl Although LU/LC changes may
occurinall climaticareas (e.g., arid, semi-ar-
id, or sub-humid regions), arid lands, due to
their fragile environmental conditions, un-
der-developed soils, and sparse vegetation,
are more prone to excessive runoff produc-
tion [,

Due to the susceptibility of arid soils to ero-
sion, SHR may be rapidly altered due to veg-
etation changes %1 In particular, floods, as
the most recurrent natural hazards with
irrecoverable socio-economic and human
losses [°], occur in response to the changes
in land cover and SHR 1. Therefore, eval-
uating the relationship between LU/LC
changes and SHR can improve sustainable
land management.

SHR can be evaluated using direct ob-
servation/measurements, mathematical
models, parametric equations, and remote
sensing techniques ®°. Nowadays, models
are accurate, fast, and cost-effective for as-
sessing environmental changes ['°. A wide
range of models have been developed for
SHR evaluation, with various degrees of
freedom in complexity, embodied process-
es, and the data required for calibration
and utilization U1,

Generally, evaluation of SHR under changing
conditions requires models that can simu-
late flow regimes under different scenari-

os 12, However, contradictory results have
been reported on the impact of land-use/cov-
er on SHR over different spatiotemporal scales
(1131, Therefore, SHR changes are case-specif-
ic and require local and regional studies to
determine their range and mechanisms.

As mentioned earlier, SHR is highly depen-
dent on LU/LC. There are several models
available to classify land-use and cover us-
ing remote sensing (RS) techniques and geo-
graphic information systems (GIS), includ-
ing but not limited to the supervised and
unsupervised classification techniques [*.
Remote sensing and GIS are indispensable
tools for application in arid areas charac-
terized by data scarcity and difficulty of ac-
cess. With the advent of more sophisticated
models, it is now possible to evaluate former
and current land cover and uses and proj-
ect it onto and foreseeable future [**.. The
chief amongst these models is the Markov
Chain model, which calculates future chang-
es based on past events %171, In addition to
Markov Chain models, another set of tools,
called Cellular Automata, have been devel-
oped for evaluating the interrelationships
between adjacent land-uses 8. The Markov
Chain Models and the Cellular Automata
combination provide researchers with an
almost perfect tool for identifying and pro-
jecting different land-use/ covers under dif-
ferent circumstances . The results of these
methods are simply verifiable using field
works and satellite images ..

The impact of LU/LC on SHR is then simply
achievable by applying the CA-Markov meth-
od. We adopted this method since it is a reli-
able means of predicting the changes in SHR
in the future based on its changes over time
and space *17.19-21] Most of these studies are
restricted in either time or space domains,
and therefore studies with broader domains,
such as this study, are required. Therefore,
the main objective of this study is to inves-
tigate possible changes of SHR under LU/
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LC over 1987-2017 in the Jiroft watershed
of Iran. The study area is located in Kerman
Province of Iran, with a long history of flash
floods, and is seriously suffering from data
unavailability and remoteness. Therefore,
the application of RS and GIS methods in the
form of CA-Markov to evaluate SHR changes
over time and space can remarkably aid land
managers in better allocating resources and
to avoid possible flash floods or even nour-
ish the already diminished

3ed water resources of the area. The study
will cover the period of 1987 - 2017, and
we will be using the CA-Markov method to
predict land-use changes by the year 2047
to see how the business-as-usual scenar-
io could affect SHR in the area. We believe
that future changes will favor more runoff
production and hence the likelihood of flash
floods in the study area.

Materials & Methods

Study area

The study area of our research is the Jiroft
Watershed, located in the Kerman Province
of Iran. The main city of the area is Kahnouj,
and the rest of the population centers are in
the form of dispersed villages. The studied
region extends for about 10,258 km? and
lies between the latitudes of 27°34'30.1"
to 28°46'25.5" N and the longitudes of
57°35'26.7" to 58°55’32.1" E, in central Iran
(Figurel). The region has an annual rainfall
of 150 mm and an average annual tempera-
ture of 15.4 °C. The area’s average height is
574 m above sea level, ranging from 359 m
to 3549 m. The diverse topography, togeth-
er with rainfall variability, creates different
geomorphological facies (Table 3). Different
land-uses are evident in the area, including
agricultural lands, orchards, rangelands, and
residential areas. The vegetation composition
of the area is dominated by species like Juni-
perus exelsa Acacia sejal, Amygdalus scoparia,
Tamarix articulata, Zygophyllum atriplicoides,

and Acer cinerascens. High temperatures and
low rainfall are the main climatic character-
istics of the area. However, flash floods occur
intermittently (direct observations) and cost
considerable damage to the properties and
infrastructure and therefore, assessing the
dynamics of land-use changes and their im-
pact on flooding is of great importance.
Data compilation

A setup of three stages was developed to perform
this study: 1) Extracting LU/LC maps from satel-
lite images, 2) assessing LU/LC and modeling the
SHR during 1987-2017, and 3) projecting LU/LC
and modeling the SHR for 2017-2047.
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Figure 1) The geographical location of the study area
in Kerman province in Iran.

Land-use/cover changes

Satellite images of Thematic Mapper (TM)
and Operational Land Imager (OLI) sensors
of Landsat satellite related to three periods
of 1987, 2002 (as the mid-point), and 2017
were used to evaluate land-use changes in
the region (Table 1). All the analyses were
performed in the Erdas Imagine 15.0 and
ArcGIS 10.3.

The obtained images (from https://earth-
explorer.usgs.gov/ database) were geomet-
rically corrected (quadratic transforms)
and projected to the World Geodetic System
(WGS-1984). The Fast Line-of-sight Atmo-
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spheric Analysis of Hypercubes (FLAASH)
model was used for the atmospheric correc-
tion of all Landsat images. The Histogram
Equalization technique was used to adjust
the sensor’s digital data 2%, We used the
supervised Maximum Likelihood Estima-
tion for land-use classifications. The results
were then validated against ground data
(100 points randomly distributed across the
study area) and google earth images. The
Kappa index was used to evaluate the gener-
ated maps accuracy ?® as (Eq. 1):
Kappa = % x 100 Eq. (1)
where is the observed and is the expected
conformity.

Projecting LU/LC for the future

To project land-use classes, the CA-Markov
was performed in the IDRISI Terrset soft-
ware. For this aim, LU/LC maps of 1987 and
2002 were used to simulate 2017 maps. The
land-use map of 2017 was validated against
the actual land-use map of the study area us-
ing the Kappa index.

Calculating surface runoff

We first obtained the geology and vegeta-
tion cover maps at the scale of 1:100000
from the Department of Natural Resources,
Watershed Management Office of Jiroft. The
NASA Shuttle Radar Topographic Mission
(SRTM) map prepared the topography and
slope direction maps. Then the working unit
map was prepared by overlaying geology,
slope direction, topography, and vegetation
cover maps in the GIS environment.

Soils were classified according to the Natural
Resource Conservation Service into four Hydro-
logic Soil Groups based on the ’oil’s runoff po-
tential. The four Hydrologic Groups are A, B, C,
and D. Where group A generally has the small-
est runoff potential, and group D has the great-
est potential. Soil hydrological groups were de-
fined based on soil texture (obtained from the
1:100000 soil map of the area from the depart-

ment of natural resources) and the standard
tables suggested by Cronshey et al. Y and the
United States Department of Agriculture [,
Climate data was acquired from the Jiroft
meteorological station. The Penman-Monte-
ith method 29! was used to estimate the po-
tential Evapotranspiration (ET):

p
ARy +(eqg—egq) *p:
a

= , Eq. (2
Er A(By=(1475) a- (2)

Where is the net radiation (W.m?), is the
density of air, is the specific heat of air, r is
the net resistance to diffusion through sur-
faces of leaves and soil (s.m™), r, is the net
resistance to diffusion through the air from
surfaces to the height of the measuring in-
struments (s.m!), is the hydrometric con-
stant, is de.dT, e, is the saturated vapor
pressure at air temperature and e, is the
mean vapor pressure. ET is the total quan-
tity of water vapor entering the atmosphere
through evapotranspiration from surfaces
or the leaves of plants. The annual rainfall
surplus was calculated as the difference be-
tween precipitation and ET.

Surface Runoff Generation

The SCS-CN method was used for rain-
fall-runoff evaluations [?’. We used the data
on a) land cover in years 1987, 2002, and
2017 b) rainfall surplus (long term average),
c) slope gradient, and d) soil texture to de-
termine surface runoff depth. The surface
runoff was calculated for the entire area in
each period as Eq. 3.

_ (P-0.25)2
~ P+08S

Eq. (3)

where R denotes the runoff (mm), P is the
rainfall (mm), and S is the detention (mm)
that is calculated by Eq. 4:

— 254—00_ 254

s == Eq. (4)

where CN is the curve number.
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Table 1) The changes in the areal extent of land-use classes from 1987 to 2017.

1987 2002 2017
Land-use/cover
Area (ha) % Area (ha) % Area (ha) %
Open Canopy forests 6563.52 0.64 7652.74 0.75 8841.96 0.86
Gosdkeoudiion 45419.49 4.43 35312.895 3.44 15306.30 1.49
rangelands
b lou BB 363864.78 35.48 345176.55 33.67 326588.31 31.84
rangelands
regie o 491110.92 47.88 460655.18 44.93 450299.43 43.91
rangelands
Shrubs and orchards 7715.34 0.75 14166.6 1.38 16717.86 1.63
Agricultural lands 62277.75 6.07 69693.79 6.80 77209.83 7.53
Residential areas 484.29 0.05 3140.69 0.31 3897.09 0.38
Saline lands 46809.27 4.56 85692.705 8.36 120676.14 11.77
Deserts 1372.05 0.13 3676.765 0.36 6081.48 0.59
Total 1025617.41 100.00  1025617.41 100.00  1025617.41 100.00

Findings

The map of the geomorphological facies was
prepared from field visits and verified on
Google Earth 9.0 (Figure 2). In total, 34 facies
were detected, which are provided in detail
in Table 3. During the field visits, we noticed
that the major facies (piedmont plains) had
sparse vegetation and were marked with dif-
ferent water erosion types, testifying to the
activity of severe water erosion in the area.

2 A

Geomorphic|Facies
Playa
Dunes

= Upper Piedmont

m Covered Pledmont
Intermediate Piedmont
Mountain

O Boundary

2 ® Outlet

58 5

Figure 2) The major geomorphic facies of the area, a
more detailed description of all minor geomorphic fa-
cies is provided in the table.

We also found that hydrological group C is
the dominant group (59.57 %), followed by
group D (22.21%) and group B (18.22% (the
results are not brought in here). Based on
the results, the kappa index and the overall
accuracy of images used in different years
were higher than 0.8. In particular, the kap-
pa index for 1987, 2002, and 2017 were es-
timated to be 0.829, 0.86, and 0.91, respec-
tively, which indicated a high accuracy [23,
28, 29]. In this regard, a LU/LC map with
high reliability and accuracy (i.e., kappa co-
efficient of 0.72) in 2047 was obtained for
the region (Table 2), as presented in Figure
3. Table 2 also provides the details of the
commission and omission errors. Low error
rates indicate the validity of land-use classi-
fications. Table 1 provides detailed chang-
es in the area of LU/LC classes in different
years. Rangelands with poor and moderate
vegetation conditions and saline lands are
the dominant land-use types. According to
Table 2, rangelands with good vegetation
conditions shrunk remarkably in size be-
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Table 2) Overall accuracy and kappa values for the target analyzing years.

Year Kappa values Overall accuracy Commission Error Omission Error
1987 0.829 0.87 15.00 15.07
2002 0.86 0.898 13.85 13.96
2017 091 0.915 7.75 7.87
Retention (S) 1987 CN 1987

- High 11747
B ow:242

Legend

- iparse - Residential
rests areas
Good-condition ‘:I Saline
rangelands lands
B st N e

P iti
Poorsfongition @ Outlet

B Cites
] Stz
- A%ricultural
lands

mnru LT 1km
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Figure 3) LU/LC of Jiroft region during 1987-2047.

tween 1987 and 2017. Orchards, agricultur-
al lands, desert lands, and residential areas
have expanded considerably (i.e., 1.46%,
0.88%, 0.33%, and 7.21% increase from

91.2

— High :

1987 to 2017). The interesting case is the sa-
line lands which have tripled in size over the
study time. Other land-use classes did not
show a clear or important growth or shrink-
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Figure 4) Spatial change in retention (S) and curve number (CN) values in the study area during 1987 (a), 2017
(b), and 2047 (c)
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age in time. Figure 3 illustrates the changes
in each land-use class during the studied
period. In the northern part, the conversion
of all land-use classes to good-condition
rangelands and forests is discernible, while
conversion to poor-condition rangelands is
more evident from west to east. Most of the
changes have occurred in saline lands and
agricultural land use in the southern parts.
A significant conversion to residential land
use is also evident to the east.

Projected CN values

The highest Curve Number (CN) values were
detected in desert lands, residential areas,
and poor-condition rangelands with the re-
spective values of 88, 88.67, and 84.67. In
2017, the highest CN value belonged to the
three abovementioned land-uses with the re-
spective values of 88, 85, and 84.67. Accord-
ing to the projected land-use map for 2047,
it seems that residential areas, deserts, and
poor-condition rangelands with the respec-
tive CN values of 89, 88, and 84.67 will con-
tribute substantially to runoff generation.
In 1987, residential areas with the hydrolog-
ical group-C had the highest CN value of 90.

mnor— L 1
0o 5 10 20 30 40

In 2017, poor-condition rangelands with the
hydrological group-D and a CN value of 89
increased significantly. Moreover, the pro-
jected LU/LC in 2047 indicates that residen-
tial areas with the hydrological groups D and
C will have the highest CN values, which will
lead to a significant increase in the region’s
flood potential (Figure 4).

Projection of runoff generation potential
The runoff generation zones of 1987 and
2002 were obtained by superimposing soil
hydrological groups and soil surface charac-
teristic maps, and the results were extrapo-
lated to 2047 (Figure 5). As it appears, the
region’s highest runoff generation is related
to the poor-condition rangelands, which,
with their sparse vegetation and lack of pro-
tective cover, could generate considerable
amounts of runoff.

Table 3 provides a detailed description of
the average changes in runoff generation po-
tential in each geomorphological facies. Ac-
cordingly, in 2047, there will be significant
growth in runoff production in poor-condi-
tion rangelands. However, other areas, such
as agricultural lands, exhibited a reduction

.-h 1; .
lahnabad

. Runoff Classes

B

H Cities

| vl v

& Watershed OQutlet

Figure 5) Spatial distribution of runoff classes in area in1987, 2017 and 2047.
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Table 3) Changes of average runoff (mm) in different geomorphological facies during 1987-2047.

Runoff amount (mm)

racies 1987 2017 2047 1987-2017(AR) 2017-2047 (AR) 1987-2047 (AR)
Metamorphic granite mountains 89.16 90.39 92.49 1.23 2.10 3.33
Granite hills 8531 88.06 88.71 2.75 0.65 3.40
Andesitic volcanic rock interlayers 85.66 8824 8848 2.58 0.24 2.81
Gypsum marly filaments 107.23 108.68 108.89 1.45 0.21 1.66
Relatively high Andesitic mountains 84.46 89 89.59 4.54 0.59 5.13
Marly mountains 108.26 109.47 109.37 1.21 -0.1 1.11
Planted dunes 87.17 90.53  92.30 3.36 1.76 5.12
Sandy lands with rangeland cover 104.26 109.18 110.09 4.92 0.91 5.83
Young alluvial fans (lowlands) 108.86 109.82 109.87 0.96 0.05 1.01
Alluvial rivers 140.65 135.69 136.30 -4.96 0.61 -4.35
Coarse-grained desert pavement (reg) 82.15 8392  83.93 1.77 0.01 1.78
Volcanic plains 64.10 66.62 66.79 2.52 0.17 2.69
High altitude alluvial fans 62.25 66.43  66.68 4.18 0.25 4.43
Granite weathered outcrops 108.60 109.72 109.64 1.12 -0.09 1.04
Alluvial fans with rill erosion 96.79 97.15 97.12 0.36 -0.03 0.33
Young alluvial fans (highlands) 115.84 113.38 113.56 -2.45 0.17 -2.28
Saline lands with Nebka landforms 80.87 8259 83.42 1.72 0.83 2.55
Farmlands with a high-water table 7240 7281 73.20 0.42 0.39 0.80
Farmlands 104.24 103.24 103.14 -1.01 -0.1 -1.11
Farmed claypan 108.38 105.63 105.30 -2.76 -0.33 -3.08
Eroded lands with a high-water table ~ 100.71 99.31 101.47 -1.40 2.15 0.75
Non-vegetated fluvial terraces 96.35 94.52 94.77 -1.84 0.26 -1.58
Non-vegetated regs 143.01 139.50 140.25 -3.51 0.75 -2.76
Non-vegetated claypan 106.16 10696 110.83 0.80 3.87 4.67
Swamps and wetlands 67.75 69.68 71.85 1.93 2.18 4.10
Sparsely vegetated swamps 70.48 70.65 70.99 0.17 0.34 0.52
Fine-grained reg with rangeland cover 108.30 108.33 108.60 0.03 0.27 0.30
Floodplain 103.78 104.17 104.67 0.39 0.50 0.89
Detachment zones with rangeland cover  79.69  81.56  81.65 1.87 0.09 1.96
Lowland alluvial fans with rangeland cover 122.66 12141 121.68 -1.25 0.28 -0.98

Saline floodplains 66.83 70.51 70.62 3.69 0.10 3.79
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in runoff production due to surface reten-
tion potential.

Runoff potential was classified into five cat-
egories from [ to V (0-100% runoff produc-
tion potential), indicating a range of low to
very high runoff production potential. Clas-
sifying runoff generation potential in the re-
gion shows that the amount of runoff signifi-
cantly increases under land-use changes. In
particular, class Il and III of runoff potential
decreased from 1987 to 2017, while classes
IV and V experienced expansion. Moreover,
class V disappeared in 1989. Assuming no
climatic changes, this trend would hold until
2047 in which the amount of runoff would
increase due to LU/LC changes (Figure 6).
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Figure 6) Changes in runoff classes during 1987-
2047 in the Jiroft Watershed.

Discussion

We used the CA-Markov methodology to
evaluate and predict LU/LC and the result-
ing changes in CN values in the Jiroft area
of Kerman Province. Based on our findings,
the greatest land-use changes during the 30
years (1987-2017) of study occurred in the
cases of agricultural lands, orchards, resi-
dential areas, and saline lands (i.e., 1.46%,
0.88%, 0.33%, and 7.21% increase from
1987 to 2017). In our field visits, we no-
ticed considerable vegetation degradation in
these areas. Given that the population of the
area has almost increased by 38%, changes
in land-use classes are of no surprise 3%, Qur
results proved a significant growth in runoff

class IV during the study period. Higher run-
off generation due to degradation of land re-
sources can manifest itself through the loss
or deterioration of the quality of water re-
sources, especially the surface and ground-
water resources due to the changes in cano-
py interception, infiltration, evapotranspira-
tion, and groundwater recharge ..
Land-use change projection for 2047 indi-
cated a significant increase in saline lands,
residential areas, and orchards at the ex-
pense of rangelands (-2.94 for a good con-
dition; -3.64% for moderate rangelands;
-3.94% for poor rangelands). Salehi et al. 3"
also projected similar results in their land-
use projections. These changes will directly
influence the ecological services and peo-
ple’s wellbeing ™, which can per se further
degrade the area and increase CN values.
Degradation of rangelands can affect live-
stock production and other side-uses of the
local lands to the people. On the other hand,
the expansion of saline lands and residential
areas can adversely affect the agriculture
sector of the region.

We found a considerable increase in CN
values in the northwestern section of the
region, especially due to the conversion of
rangelands into less favorable land covers
and saline lands. The expansion of the saline
lands in the area might be attributed to the
depletion of freshwater resources and the
follow-up rise in the saline groundwater ta-
ble, such as Jafari et al. B! in Gorgan Province
of Iran. Any increase in CN values indicates
larger amounts of runoff and higher chances
of flash floods in the future which agrees with
Hu et al. 3%, Ngo et al. 3. In this research, we
did not consider the role of climate change
in future changes of runoff potential classes.
Even if Iran is generally going to face a dryer
state in the future, precipitation will tend to
be short and intense rainfalls ¥7). This is true
that currently, flash floods are not much of a
concern, but in the future, the LU/LC chang-
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es will lead to the generation of considerable
amounts of runoff and hence damages to hu-
man properties and lives. Therefore, more
caution must be exercised to plan land-uses
to avoid any unwanted consequences in the
future. Preventing rangeland degradation,
expansion of saline lands through improved
drainage canals, improved agricultural prac-
tices, and improved urban and rural expan-

sion planning could mitigate LU/LC changes
[10,33,34]

Conclusion

In this research, we used a combination of
RS and GIS methods to evaluate land-use
changes in the Jiroft area of Iran. This region
is climatically dry with scarce precipitation.
However, high-intensity rainfalls could po-
tentially induce flash floods in the area. We
projected the LU/LC for the next 23 years
using the CA-Markov model. We found a
considerable increase in runoff potential as
a result of land-use conversions and vege-
tation cover degradation. The greatest in-
crease in runoff depth was obtained for the
dunes (+5.83 mm) and bare lands (+4.67
mm), while alluvial plains (-4.35 mm) had
the greatest reduction. We also found a 3.4%
in the area of high runoff producing areas.
A great percentage of the low (2%) and mod-
erate runoff producing areas (8%) (classes I
and III) will convert to the high class in 2047
(Refer to Figure 6). Most of the increase in
runoff potential will occur in the western
and southern sections of the study area (Fig-
ure 5). The same trend is naturally visible
in Figure 4 for the CN values. The main rea-
son behind this increase in CN and runoff
potential is, in fact, land-use degradation in
the area in favor of more runoff-producing
ones, especially saline lands and residential
areas. Our results also indicated a lower re-
tention potential in 2047 (Figure 4) which
is explained by converting rangelands into
less vegetated land-uses such as impervi-

ous residential areas or bare saline lands.
Even though the land-use map was validated
against actual data from 100 points in 2017,
we do not have any way to verify the findings
for the year 2047. It might undermine the
accuracy of our results. The same also holds
for the runoff potential. Nevertheless, uncer-
tainty is a part of any projection endeavor,
and hence we could rely on the findings of
this research given that it has produced ac-
curate results during the validation phase.
However, more effort is needed to combine
the results of climate change models into
runoff generation results to more accurately
predict runoff which could be part of our fu-
ture research. The results of this study could
help land managers to utilize available water
resources and prepare for any future alter-
ations in water sources in the area.

The main findings of this research can be briefed
as: a) The most significant land-use changes
during the 30 years (1987-2017) of study oc-
curred in croplands, orchards, residential areas,
and saline lands; b) There is a considerable in-
crease in CN values, especially in the northwest-
ern section of the region, due to the conversion
of rangelands into less favorable land covers and
saline lands; c) We found that runoff generation
has increased and will continue to increase; d)
The greatest increase in runoff depth was ob-
tained for the dunes (+5.83 mm) and bare lands
(+4.67 mm) while alluvial plains (-4.35 mm)
had the most significant reduction; e) The ma-
jority of areas with low runoff production had
propensity of converting to classes with higher
runoff production potentials; f) Land’s reten-
tion capacity will decrease in the future as the
response to the expansion of impervious areas
and barren lands; g) Therefore, conversely to
the current situation, smaller amounts of pre-
cipitation will turn into flash floods in the Jiroft
Watershed in the future.
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