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ABSTRACT

Land use changes are altering the hydrologic system and have potentially large impacts on water
resources. Rapid socio-economic development drives land use change. There is an urgent need for
technol ogies and models that can quantify the impact of land use change and management practicesin an
organized manner. Soil and Water Assessment Tool (SWAT) integrated with Geographic Information
System (GIS) has great potential in current estimation, future prediction and proper decision making in
terrestrial ecosystems. This review discusses the current utilization of SWAT in impact assessment of land
use/cover change and best management practices. Resulted, deployment of SWAT and land use/cover
simulation models for impact assessment improves accuracy, reduces costs, and allows the simulation of
awide variety of conservation practices at watershed scale. This review demonstrates the synergistic role
of SWAT and Gl Stechnol ogies in improving water shed management.
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INTRODUCTION
Land use planning and management are closely delatéhe sustainability of water resources as chang

of land use are linked with amount of water througlevant hydrological processes. The relationship
between land use and hydrology is complex, witlkdges existing at a wide variety of spatial and
temporal scales. Land cover and use directly imgaiamount of evaporation, groundwater infiltratio
and overland runoff that occurs during and aftecimitation events. The effect of the land coveaargdes
and best management practices (BMPs) has impattteostream flow of the watershed by changing the
magnitude of surface runoff and ground water fldlwe change in landuse controls the water yields of
surface streams and groundwater aquifers and treusirnount of water available for both ecosystem
function and human use. While land change is clearforcing factor in water supply, it is also an
important driver of human water demand and ovevalier quality. The consequences of all of types of
land changes have profound impacts on water qudlijnd use change and management plays a
significant role in water quality and quantity atiere is a great need to integrate land changaagie
hydrology and water resources management in futgearch initiatives. Hence, a review on impact of
land cover changes on the hydrology of the waterslas been presented in the paper.

Understanding the implications of changes in lamekc and land use is a fundamental part of susikina
land planning and development. On one hand, tramsftion of land cover and land use by human action
can affect the integrity of a natural resource eystand the output of goods and services of the
ecosystem. On the other hand, by careful plannhmydevelopment of new patterns of land cover and
land use can enhance the well-being of people. Magtols have changed the scientific framewonk fo
analysis of land use systems, from one that isrigigis® to one that is more quantitative which axkdes
both spatial and temporal dynamics.
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Land use changes in river basins result in floodimgnts that increase sediment load, which is baglo
concerd®® Changes in land cover result in some proportiaitrations in the basin condition and
hydrological response. This is becoming one oftlaén contemporary land management isSues
The impacts of human activities and climate chasmgéydrological processes of rivers have been widel
studied. In recent years, application of procesdatsohas become an indispensable tool to undergtand
occurrences of natural processes at the waterstadd. SGeographic Information System (GIS)-based
spatial modeling has become a crucial tool in rbraefd soil erosion studies and, consequently in
development of appropriate soil and water consemvatrategies.
The Soil and Water Assessment Tool (SWAT) models proven to be an effective tool for assessing
water resource and nonpoint-source pollution probldor a wide range of scales and environmental
conditions across the globe and over a long pesfdine®. Therefore, this paper aims to review SWAT
application for impact assessment of Land Use andefC Change (LUCC) and Best Management
Practices (BMPs) that are related to runoff andnsent analyses. In addition, this paper aims tcgme
an overview on SWAT efficiency analysis and itsegration with Land Use and Land Cover (LULC)
simulation models.
Theory of SWAT
SWAT can be best suited to agricultural watershids.a river basin scale, continuous time andiafpa
distributed physically based model to predict theact of land management practices on water, setlime
and agriculture chemical yields in complex catchimeith varying soils, land use and management
conditions over period of timé Hence, SWAT is adopted to model the water ressucé a watershed.
Hydrology simulation of a watershed in SWAT is sgped into two major phases. Land phase controls
the amount of water, sediment, nutrient and pelgitoading to the main channel in each sub basin.
Water or routing phase controls the movement ofewatediments and nutrients through the channel
network of the watershed to the outl&ach sub basin in SWAT is discretized into aeseof Hydrologic
Response Units (HRUs), which are unique in soit{lase-slope combinatiohs
Hydrologic simulation of SWAT is based on the waiatance equatién
S\Nt = SVVO"' ti:1 ( Rday - qurf - Ea' Wseep - ng) (1)

where:SW; is the final soil water content (mnBW\ is the initial soil water content on daymm), t is the
time (days)Ruay is the amount of precipitation on dagmm), Qs.is the amount of surface runoff on day
i (mm), Ea is the amount of evapotranspiration on dgsnm), Wse, is the amount of water entering the
vadose zone from the soil profile on dgynm), andQg,is the amount of return flow on daymm).
SWAT provides two methods for surface runoff estiora The first one is based on the Soil
Conservation Service curve number procefiaad the second one estimates runoff height usiag th
Green and Ampt infiltration meth&d
Soil erosion caused by rainfall and runoff is cotepuby the Modified Universal Soil Loss Equation
(MUSLE)*

sed = 11.8 X (Qsurt X Cpeak X areahru)o'%x Kuste X Cusie X Puste X LSys e X CFRG (2
Where:sed is the sediment yield on a given day (metric toQg); is the surface runoff volume (mm@
ha"), Qe is the peak runoff rate (hs?), areay, is the area of the HRU (haluge is the USLE soil
erodibility factor,Cyge is the USLE cover and management facRyg e is the USLE support practice
factor,LSys e is the USLE topographic factor, afffRG is the coarse fragment factor.
In the routing phase, SWAT uses Manning's equatocalculate the rate and velocity of flow. Water i
routed through the channel network using the véiatorage routing methbtor the Muskingum river
routing method. The maximum amount of sediment that can be tegp from each segment of the
stream is calculated by the simplified Bagnold'siaiprt®>. The maximum concentration of sediment
(concsed,ch,mx ) is compared to concentration of sediment in #ech at the beginning of time step,
concsed,ch,i. Deposition is the dominant process in the reaelgment whenconcsed,ch,i >
concsed,ch,mx, thus net amount of sediment deposited can belletdd. Degradation is the dominant
process in the reach segment wieencsed,ch,i < concsed,ch,mx, thus amount of sediment re-entrained
can be calculatéd
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Impact of LULC and BMPs analysis by using SWAT

Due to enormous anthropogenic activities on therahsystems of river basins, SWAT application for
assessing LUCC and BMP impacts on watershed hygloalb status and sustainable development is
gaining momentum worldwide. The impact of changdaimd use and land cover on water quantity and
quality can be estimated very well with SWAT. HardeZ found that SWAT could accurately predict
the relative impacts of hypothetical land use cleaingan 8.2 krfhexperimental sub watershed within the
San Pedro watershed. Miltemlso described, simulated stream flow impacts BMWAT in response to
historical land use shifts in the San Pedro watets(B,150 k) in southern Arizona and the
Cannonsville watershed in south central New Yotke@n flows were predicted to increase in the San
Pedro watershed due to increased urban and agriulhind use, while a shift from agricultural trdst
land use was predicted to result in a 4% stream flecrease in the Cannonsville watershed. Incdease
stream flow was predicted with SWAT for thkar watershed (59.8 Kinin the German state of
Hessen, in response to a grassland incentive sodénarhich the grassland area increased from 20% t
41% while the extent forest coverage decreasedbloyta7r0% (Webegt al., 2001). The impact of
hypothetical forest and other land use changestah munoff using SWAT are presented by L'8im the
context of comparison with three other models.

Pikounis’ applied the SWAT model to investigate the impdathmnge in land use on hydrology in the
Ali Efenti catchment (2976 ki of the river Pinios in Thessely Greece on a migratep. Three land use
change scenarios are examined, namely (A) expawnsiagricultural land, (B) complete deforestatidn o
the Trikala sub-basin and (C) expansion of urbagasrin the Trikala sub-basin. The deforestation
scenario has resulted in the greatest alteratidotaf monthly runoff. SWAT was used by Afinowf€zo
evaluate the influence of woody plants on watergetsl of semarid rangeland in southwest Texas.
Baseline brush cover and four brush removal scesavere evaluated. Removal of heavy brush resulted
in the greatest changes in ET (approx. 32 mm’yeser the entire basin), surface runoff, base fma
deep recharge. Lembét@lso described brush removal scenarios.

Saadaf’ applied SWAT to simulate the effect of land usesarface runoff in the catchment. The model
simulated the stream flow under positive and nggdéind use scenarios successfully. There wasdsere
in runoff when existing forest and range land hesrbconverted into cultivated land. Further, it &k
noticed that increased runoff was simulated wheasfoland alone has been converted into cultivated
land. The effect of land use change on sedimdgtd wf the Arachtos catchment (2000 %rin west
Greece was simulated by SWATThe maximum discharge at sub basin became 1266w if total
precipitation increased by 20% and it became Z/$eu if the amount has been reduced by 20%. The
model successfully predicted the influence of amtption and special cultivation techniques onphes

of the agriculture land to erosion. Winter whealtigation under strip cropping system resulted hie t
highest annual reduction of sedimentation rathénPournari reservoir from 3.80 Mt/y to 3.04 Mdtye

to minimizing Ris e value from 1 to 0.30.

The hydrological modeling of Biobio river basin (241 knf) in the Chile under conditions of limited
data availability was carried out by SWXTThe potential impact of land use and climate geanon
basin in the Vergara sub-basin of Biobio basin quantified. Zhi Lf° used the SWAT model to evaluate
the effect of land use change and climate varigbdn hydrology for the Heihe river in the Heihe
catchment (1506 kfjy China from 1981 to 2000. The SWAT model was $atmd with four scenarios
based on two time scales of meteorological dat8]1 18 1990 and 1991-2000 and two land use maps of
1985 and 2000 to represent the land use patterriQ&bs and 1990s respectively. Compared with
scenario 1 (1985 land use and 1981-1990 climate)simulated runoff was (2000 land use and 1991-
2000 climate) decreased by 27.6 mm, which repredetite combined effect of land use change and
climate variability. Similarly changes in land ueeer time scale and its impact on stream flow was
studied by Faitf{ in the river Nzoia catchment, Kenya. In a caselytt the Little Miami Watershed,
USA, it was recognized that as the land use invthtershed shifts from predominantly agricultural to
mixed rural and residential lands, a significauetion in flow, sediments, and nutrients is detett
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The SWAT model was also used to simulate the mainponents of the hydrological cycle, in order to
study the effects of land use changes in 1967, 28@42007, in the Zanjanrood Basin, ffaiThe results
indicated that the hydrological response to ovetigtaand replacement of rangelands with rain-fed
agriculture and bare ground was nonlinear and @ekita threshold effect. The runoff rose dramaltjcal
when more than 60% of the rangeland was removed.

Yacolf’ applied the SWAT model to identify the effect ahtl use and land cover change on runoff and
sediment in Tikur Wuha watershed (706%mif Ethiopia. The model predicted a strong refatietween
water yield and land use change during the calidmatigher value of the surface runoff correlatgth
orthic luvisols soil type and bare and open shaual luse was observed. Mafitexplored the impact of
LUCC on SWAT outputs, mainly on the discharge & tiyangores River. They developed three land
use scenarios, namely 1) partial deforestationyvemion to agriculture, 2) complete deforestation,
conversion to grassland, and 3) complete deforestatonversion to agriculture. The results of the
analysis indicated that conversion of forests tdcafjure and grassland in the basin headwatenscest

dry season flows and increased peak flows, leatdirgyeater water scarcity at critical times of {fear

and exacerbating erosion on hillslopes. In anotpplication of SWAT, hydrological modeling was
conducted for each of the land use map in four feods (1973, 1986, 1992, and 1997) in the upper
San Pedro watershed, USAResults demonstrated that urbanization and msguiasion were the
major environmental stressors affecting local watsources. Elsewhere, five scenarios of land use
change were evaluated in the Chi River basin, &hdll. These scenarios are included of a conversion of
forested area, expansion of farmland, switchingiad paddy fields to energy crops and two scenarios
involving conversion of farmland to rice and sugeme plantation. Conversion of forested area and
farmland showed small changes on water flows aag@y¥ranpiration (ET). Substitution of paddy fields
by sugarcane plantation clearly resulted in redusater flows and increased ET in the dry season.
Particularly, in the case of expansion of rice pafields to farmland, small changes occur on anflaal

and ET but more significant effects occur on seakfiows. The results showed decrease in ET, lgadin
to increase of water yield during the dry seasdre @onversion of farmland to sugarcane plantation f
biofuel production showed a significant effect @asonal ET, but small changes on water yields.
Wenming" used the SWAT model to assess the impact of Laedand land cover changes on hydrology
for the upper San Pedro watershed (7400)kim Mexico. An integrated approach of hydrological
modelling and multiple regression analysis was ssibgo quantify the contribution of changes of
individual LULC classes on changes in hydrologmainponents for four time periods (1973, 1986, 1992,
and 1997). Urbanization and mesquite invasion ased runoff, reduced percolation and increased ET,
which have a negative impact on water resourcésdrupper San Pedro River Basin. Compared to the
LULC baseline in year 1973, the average annual myedd over the watershed is 0.07 mm higher in
1986, 0.13 higher in 1992, and 0.25 mm higher i@871@ncreasing 1.9%, 3.5%, and 6.8% respectively).
Friedrich”? adopted SWAT model to investigate the effect ofaiyit land use on daily discharge, the
total annual runoff and peak flow by adding "Larsa Wpdate and Soil Assessment" (LUPSA) in order to
improve the overall SWAT abilities to handle lanseuchanges in the Gedeb catchment (296),km
Ethiopia. LUPSA was applied during the period o73% 2003 with yearly land use updates. The annual
LUC varied between -6% and +360% for different séss There was a significant difference in thel tota
discharge volumes observed which accounts for 28%he total flow within the whole period of 30
years. Cdf investigated the impact of land use change orséitément yield characteristics in the upper
Huaihe River, China, using land use maps over tlpesses, i.e. 1980s, 1990s and 2000s. Results
revealed that under the same condition of soilutexaind terrain slope, the increasing rate fornsedi
yield and the sensitivity of rainfall-sediment yetelationship to rainfall alterations descended by
woodland, paddy field and farmland.. Gla¥emsed historical land use maps from 1787, 18270 8l
1984 and a 2009 land use map depicting preseumtisitufor LUCC impact assessment of two small scale
Slovenian watersheds. Results showed that for Wwathrsheds the influence of land use change oh tota
and green water quantity would be statisticallygnsicant but would have considerable effects ba t
seasonal flows.
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Girolamo and Porf8 applied SWAT to develop possible land use and lmatiagement scenario that
could constitute an alternative to the current v&ted management in the Rio Mannu River Basin
(Sardinia, Italy). The replacement of durum whedhwapeseed (biofuel crop), could offer a margin o
profit, but would have a negative impact on watggilify due to increased nutrient losses. Furtheremmio

can be inferred that promotion of the use of endérgy renewable sources may have a negative impact
on the objectives of the EU water framework dinextiThree land use scenarios with climate change
scenarios were considered in investigating the anpéland use change on streamflow and sediment
yield in the Be River Watershed, Vietn&Emin the first scenario, all current shrubland weoaverted
into perennial cropland, and the remaining land types were kept constant. The second scenario
assumed that all productive forest land will belaepd by shrubland. Using the third scenario, all
shrubland and productive forest land were replégegerennial cropland. Generally, the separate dtspa
of climate and land use changes on streamflownsadiload, and water balance components were offset
by one another. However, surface runoff and fewmaments of subsurface flow were more sensitive to
land use change than to climate change. Furtherrimeesults emphasized water scarcity duringltiie
season and increased soil erosion during the wasose Muellet’ adopted the SWAT model for
Calapooia River Basin in Western Oregon to modeldffect of land use changes on water yield and
quality from 2003 to 2007. By modifying the agricural management practices and grain seed crops
under different land uses from current eight crapdifteen new crops scenario, there was not much
change in total water yield (55.118 cm to 65.786.drowever, the yield has been changed with the
change in climate. N#8 applied the SWAT model to assess the hydrologioasequences of Mesquite
tree encroachment in the Upper San Pedro wate(34€0 knf), Mexico by implementation of different
changes in land use. The results indicated thaptaienreplacement of grassland with mesquite irsgea
the simulated annual average basin ET from 3843861 mm and decreased the annual average basin
runoff from 2.66 to 2.35 mm.

The effect of different land uses on the waterdyiel the Kothakunta sub-watershed in India (550 ha)
with varying soils, land use and management camditiover long period of time was quantified by
SWAT®:.  Zhang® generalized the characteristics of the human iiesvto predict future runoff using
climate change scenarios, in the Biliu River bagihjna. Results showed that future annual flow will
increase by approximately 10% from 2011 to 2030enmbrmal human activities and future climate
change scenarios, as indicated by climate scenaiibs particularly wet year in the next 20 years.

Shad? in studying the Laurentian Great Lakes Basin, US#nsidered two future agricultural scenarios
compared with the current baseline condition, wiactudes conversion of all “other” row crop typ¢o
corn and hay/pasture to corn. Results revealedfisigmt increases in average annual sediment yields
compared with the baseline condition. Yansed the SWAT model to assess the impact of laed u
change on watershed stream flow and sediment foelthe Upper Du watershed (8973 4nin China.

An integrated approach involving hydrological mdidel and partial least squares regression (PLSR) wa
employed to quantify the contribution of changesnisividual land use types to changes in streamw flo
and sediment yield. The results indicated that gharn grassland did not show a significant infgean
either stream flow or sediment yield.

BMPs are techniques, measures or structural carttiat are used for a given set of conditions tonaga

the quantity and to improve the quality of runoffiter in the most effective manner. Arnold and Allen
(1996) used the SWAT model to simulate the majonmanents of the hydrological budget in order to
determine the impact of proposed land managemeqggtsative changes, ground water withdrawals and
reservoir management on water supply andemwaquality in the three watersheds namely,
Panther Creek (246 K Goose Creek (122 Knand Hadley Creek (188 K The results helped to
formulate appropriate land use management practinesasin wide scale. The influence of BMPs on
quantity and quality of water can be assessed tefédg by SWAT. Kirsci? described SWAT results
showing that improved tillage practices could regureduced sediment yields of almost 20% witlniea t
Rock River in Wisconsin, USA. Chaptdfound that adoption of no tillage, changes inagjem
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application rates, and land use changes could Igreapact nitrogen losses in the Walnut Creek
watershed in central lowa, USA. Tripathapplied the SWAT model for the critical sub-wakergs of
Negwan watershed (92.46 Rnin India, on a daily and monthly basis to estenainoff and sediment
yield for developing the management scenarios.prhdicted values for daily runoff and sedimentdjiel
using generated rainfall compared well with obsérnoff and sediment yield during 1996-1998. The
impact of different agricultural management pragi¢tillage) on runoff and sediment yield in thitical
sub-watersheds was successfully simulated. Thefusero tillage, conservation tillage and fieldtoar
reduces the sediment yield by 19%, 11% and 10%otisply when compared to the conventional tillage
(13.47 t/ha).

Beaudif® applied SWAT model for the calibration and validatof runoff and sediment yield and
evaluated the impact of Best Management Practiceshe Pike River watershed (630 mMazdak
Arabi*® applied the SWAT model for the analysis of undattain the evaluation of watershed
management practices like grassed waterways, gaddization structures, field borders and patalle
terraces on water quality in the Black Creek wéttedslocated in northeast Indiana in the upper Maume
river basin. The analysis specifically recogniZes significance of the difference between the ntagei

of uncertainty associated with absolute hydrologiw water quality predictions and uncertainty in
estimated benefits of best management practicgsth® implementation of BMPs (scenario A) in the
Dreisbach watershed (6.23 Rnthere is a reduction of stream flow about 9.886rfi0.041 to 0.03 7 ffs
when compared with the scenario B without BMPs. Iysia of BMPs by VacH€ for the Walnut Creek
and Buck Creek watersheds in lowa indicated thagelasediment reductions could be obtained,
depending on the choice of BMP. Bracribshowed results of three 25-year SWAT scenario Isitions

for two small watersheds in Indiana, USA whereithpacts of no BMPs, BMPs in good conditions, and
BMPs in varying conditions are reported for strdamf sediment, and total phosphate. Nefdoaported
that large nutrient and sediment loss reductiortsimed in response to simulated shifts of croplial
switchgrass production within the 3000 km2 DelawRieer basin in northeast Kansas, USA.The water
yield of watershed was simulated by reducing amdeu paddy cultivation by 25% and allocating that
area for irrigated dry crops in order to assesddts aquifer recharge/precipitation ratio andhfired the
alternate cropping system for sustainable groungmm@sources. PhomcRaised the SWAT model to
identify an effective soil conservation treatmemidao minimize sediment yield in the Lam-Sonthi
watershed (357 kfnin central Thailand. The results revealed that ¢bmbination of afforestation and
mulching was the most effective treatment in redgcsediment yield in the watershed. Kang
incorporated a modified impoundment routine into ANV which allowed more accurate simulation of
the impact of paddy fields within a South Koreartewshed. Mishr& reported that SWAT accurately
accounted for the impact of three check dams oh Hatly and monthly stream flows for the Banha
watershed (17 kfnin northeast India.

The efficiency of flow diversion terraces (FDT) amintaining surface water quality at the watershed
level in the Black Brook watershed (BBW) in nortlestern Brunswick was assessed by Yarighe
SWAT performed well in predicting seasonal variataf water yield and moderately well for sediment
yield (RF = 0.5). The SWAT model resulted that FDT impleneenin BBW contributed to the reduction
of sediment yield by 4 t/ha on average, which repnéed a reduction of 20% during the summer growing
seasons.

Huges and Mant#! studied the uncertainty associated in obtainirffgrination regarding abstractions
from reservoir, dam and its impact on simulating ttydrology of catchment. WelderufZelised the
SWAT model to assess the impact of rainwater haremswater resources of the upper Modder river
basin, central region of South Africa. The simulastream flow was highest in the Agri-CON land use
(18 mm), followed by PAST (12 mm) and AGRI-IRWH those (9 mm). Although there was observable
impact of rainwater harvesting technique on theewgtield when considered on a monthly time frame,
the overall result suggested that the annual wgitdd of one of the upper Modder River Basin
quaternary catchment will not be adversely affedtatl the Agri-IRWH land use scenario despite its
surface runoff capture design.
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The wide range of SWAT applications in differentteraheds with various climatic and land cover
conditions described in this paper highlights tBAtAT is a very flexible and robust tool that canused
to simulate a variety of land management probleftge process of configuring SWAT for a given
watershed has also been greatly facilitated bydthelopment of GIS-based interfaces, which progide
straightforward means of translating digital lanseutopographic, and soil data into model inputs.
Additionally, development of new facilities for SWAauto-calibration and uncertainty analysis has
presented a new era in SWAT application for LUCE &MP simulation with the highest possible
accuracy.

CONCLUSIONS
A key strength of SWAT s its flexible frameworkathallows the simulation of a wide variety of
conservation practices and other BMPs, such adiZertapplication, cover crops (perennial grasses)
filter strips, conservation tillage, irrigation negement, flood-prevention structures, grassed waie,
and wetlands. Simulation of hypothetical, real dntlire scenarios in SWAT has proven to be an
effective method of evaluating alternative land affects on runoff, sediment and pollutant los3éss
capability has been strengthened via the integratfiGWAT with LULC simulation models.
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