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Abstract Earth Science community depends on the explo-
ration, analysis and reprocessing of high volumes of data
as well as the modeling and simulation of complex cou-
pled systems on multiple scales. The main aim of this article
is to introduce a new hydrological modeling service based
on the Soil and Water Assessment Tool (SWAT) (Arnold
et al. J American Water Resour Assoc 34(1), 73–89, 1998;
Arnold and Fohrer Hydrol Process 19(3), 563–572, 2005)
model using high efficiency, resource sharing and low cost
cloud computing resources (Astsatryan et al. International
Journal of Scientific & Engineering Research 1(1), 1130–
1133, 2014). Such a Desktop as a Service (DaaS) approach
allowing users to work from anywhere, and gives central-
ized desktop management and great performance. Within
the Spatial Data Infrastructure (SDI) and cloud platform, the
DaaS service gives secure access to the model and a cen-
tralized data storage to get a SWAT model input. The article
illustrates the analyses of the implementation of the SWAT
model for the Sotk watershed of Lake Sevan in Armenia
(Sargsyan 2007).
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Introduction

Earth Science community and research mostly depends on
large data archives that contain both observed/measured
data and simulated one. It involves the exploration, anal-
ysis and reprocessing of high volumes of data as well as
the modeling and simulation of complex coupled systems
on multiple scales, and the exhaustive evaluation of multi-
dimensional parameter spaces. To tackle this ambitious
challenge, standards for discovery and access to these data
have been implemented or are planning to implement, such
as the Web Processing and Web Map Services developed by
OpenGIS community.

The efficient and effective use of these existing tools
and services and the development of new one within the
Armenian e-Infrastructure (Shoukourian et al. 2013) is a
challenge. To solve these issues there is a need to provide
the Earth Science community with on-demand services, and
to provide access to various data in an easy and simple
way based on the international standards for the discov-
ery, access and processing of geospatial information (Mihon
et al. 2013).

The SDI plays an important role with dealing and manip-
ulating the geospatial data. As a data infrastructure, it is
a framework of geographic data, metadata, users and tools
that are interactively connected to use spatial data in an
efficient and flexible way.

Currently the SDI platform for Armenia consists of sev-
eral tools and services (Asmaryan et al. 2014). It provides
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geoprocessing facilities for multispectral satellite images
using high performance computing resources for complex
calculations, such as efficient computation of vegetation
indices (Astsatryan et al. 2015) and computing the Normal-
ized Difference Vegetation Index (NDVI) with time series
data. (Astsatryan et al. 2015). In addition the SDI based on
GeoNetwork (Astsatryan et al. 2012) is used to provide an
easy way to search geospatial data across multiple catalogs.

The main aim of this paper is to introduce the new hydro-
logical modeling service based on the SWAT model using
cloud computing resources. The service provides a remote
desktop access to the model which is a cloud based, a cen-
tralized cloud data storage for accessing SWAT model input,
and the first experimental results of implementing SWAT
model for the Sotk watershed of Lake Sevan in Armenia.

The contents of this paper is organized as follows. The
related work is presented in the Section “Overview and
related work”. The SWAT model is presented in Section
“SWAT model”. The service description are given in Section
“Service description”. The use case and discussion is given
in Section “Use case and discussion”. Finally, the conclu-
sion and directives for future research are drawn in Section
“Conclusion”.

Overview and related work

With a specific end goal to conduct detailed simulations
of hydrological processes, physically based methods and
high spatial and temporal resolutions are required (Hessell
2005). Nevertheless, such simulations on large watersheds
usually require a huge amount of computation. For such pro-
cessing several distributed computing infrastructures can be
used such as Grids and clouds (Humphrey et al. 2012) to
accomplish high processing performance and storage capac-
ity. The most critical aspect of these cases (Grid or Cloud)
is the data transfer time, specially uploading the Digital
Elevation Model (DEM), all input data files to the compu-
tational resource, but the prediction of this time is somehow
complicated because data and computational resources are
generally not located in the same network boundary, and
there is a need to transfer data to and from the storage ele-
ment. As an example if we need to change some parameters
in the input data we need to do it on our side then upload
it once again to the storage. Additionally, in case of a Grid
the application flows through the core services such as the
workflow management system (Marco et al. 2009) which
may wait on a queue. As a simple example if we have a
DEM with a size of 8Gb, for downloading it from any exter-
nal resources taking into account the Internet speed on our
network it will take about 30-45 minutes, but inside our net-
work it will take only 7-9 minutes. In this work the ArcGIS
10.1v and SWAT2012 have been used.

In our case an integrated platform within the same local
area network is suggested that consists of both computa-
tional and data resources in the same place, which allows
to minimize the data transfer time. The data storage is 3TB
cloud storage, and the computational resources are several
cloud VMs each. The suggested DaaS approach provide
users need to work from anywhere, and gives centralized
desktop management and great performance.

In addition by adding Federated Identity Management to
OpenStack (Chadwick et al. 2014), users may have easier
access to several services such as Cloud storage, E-learning
platforms, SWAT desktop etc from the worldwide educa-
tion and research community through the eduGAIN service
(López et al. 2007). The service interconnects identity fed-
erations around the world, simplifying access to content,
services and resources for the global research and education
community and enables the trustworthy exchange of infor-
mation related to identity, authentication and authorization.

SWAT model

SWAT is a river basin scale model developed to quantify
the impact of land management practices in large, complex
watersheds. SWAT is a public domain model actively sup-
ported by the USDA Agricultural Research Service at the
Grassland, Soil and Water Research Laboratory in Tem-
ple, Texas, USA (Arnold et al. 1998). The SWAT model
is utilized extensively in developing and developed coun-
tries for investigating the impacts of land use change on
water resources, for instance EC: European project, envi-
roGRIDS project targeting the Black Sea catchment area
(Gorgan et al. 2013; Gorgan et al. 2012). The model is not
yet widespread in Armenia even though it is very important
taking into consideration the abundance of water resources

Fig. 1 Service Architecture
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Fig. 2 River Sotk watershed of
Lake Sevan

in the country. SWAT uses the sensitivity analysis, the cali-
bration and validation approaches for verifying the accuracy
of the model for the simulated conditions (Arnold et al.
2012). This process is very time consuming and also need a
lot of computing resources, the model itself has a lot of input
data in terms of temperature, wind speed, precipitation, land
use and soil data and also a DEM for running the model. All
these data need to be adjusted, corrected and transformed
into a required format for SWAT model, as an example all
temperature data must be put into an Excel file with detailed
date and min/max values and this process also is a very time
consuming specially when the simulation need to be done
for a several years. For this purpose the suggested service
deals with two important aspects:

– Provides a remote desktop access to the users to not
install any package on their own computers, and to have
more powerful computing resources.

– All input data has been adjusted and stored in the SDI
storage, in a required format so the user need only to
use these data with the model.

– Decreasing the simulation time by using a powerful
cloud server.

Service description

The provided service is divided into three parts, the SDI,
the Cloud virtual machines and the Cloud storage. As men-
tioned in the introduction part there is a deployed SDI

with GeoNetwork (Asmaryan et al. 2014; Astsatryan et al.
2012) which provides an easy to use web interface to
search geospatial data across multiple catalogs, from this
the user can search the required DEM and all maps to use it
with SWAT. The search provides full-text search as well as
detailed search on keywords, resource types, organizations,
scale. Users can easily refine the search and quickly get to
the records of interests. All this will simplify the user work
to not waste a long time for searching a data and to obtain
the required DEM (main catchment), shapes (land use and
soil data) etc in a very simple way. A cloud storage access

Fig. 3 DEM of the River Sotk watershed
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Fig. 4 Land use types of the
River Sotk watershed

is provided also for the users, where all input data (temper-
ature, precipitation etc) were stored. All the data has a .csv
format including both a column with all date information
and columns for the data itself, and stored with a relevant
names to simplify the users work for example the temper-
ature data for 2011 was stored using Temp2011, the user
can make a search using Pydio search option and fetch the
required data for some specific months, years etc.

A Cloud storage has been deployed based on Pydio
which is a mature open source software solution for file
sharing and synchronization with intuitive user interfaces
(web / mobile / desktop) (Pydio 2014). The main purpose
of this storage is to provide a user with a data storage
capability within a same network, using this approach the
user can store the output of the model, such as the results
of the simulation, the output graphs etc having a very
fast upload/download time because everything is in a same
network and share these data with other users for future
assessment and collaboration.

For Cloud virtual machines the Openstack package is
used (Computing 2014), which is a set of software tools for
building and managing cloud computing platforms for pub-
lic and private clouds. The SWAT model has been installed
in several virtual machines with different parameters (CPU
8 cores, RAM 24 GB) and two options have been provided:

– A group of users share the same virtual machine for
collaboration and group work.

– Each user has a separate virtual machine for the indi-
vidual work.

Beside providing an installed SWAT model, there are also
some Matlab (MATLAB 2010) and R (Team 2013) scripts
for conducting the simulation and obtaining the results auto-
matically without a need to make the simulation inside the
ArcGIS (Rahman et al. 2013) and then obtain the graphs
by using other tool because it (ESRI 2011) doesn’t provide
such option, in other word when the simulation is done and
the results need to be illustrated the user need to use external

Fig. 5 Soil types of the River
Sotk watershed
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Table 1 Overall necessary
data for developing hydrologic
model

Data Type Data Sources Scale Description

DEM SRTM 90 m Elevation

Land Use GlobeCover 300 m Classified Land Use such as Crop,

Urban, Forest and Water etc.

Soil FAO 1:5,000,000 Classified Soil and Physical Properties

such as Sand, Slit, Clay, and Bulk Density

Hydrological Hydroshed 1:25,000 River Network

Network

River Flow ArmHydromet – Daily measured discharge

Weather ArmHydromet – Precipitation, Temperature

tool such Excel, Gnu plot etc, but the mentioned scripts are
doing the simulation and graph plotting in one step.

All above mentioned parts have been visualised in the
following figure:

As it shown all input parameters have been taken from
SDI, and the output of SWAT model calibration results,
graphs etc can be stored in the Cloud storage (Fig. 1).

Use case and discussion

Being one of the world’s biggest high altitude freshwater
lakes, the Lake Sevan is a unique and largest water body
in Armenia. The issue of a lake is tied with the use of its
water resources. High elevation of the lake and a possibil-
ity to generate low cost electricity along with a necessity
of irrigating the Ararat Valley urged engineers to search
for intense lake water use methods. Mismanagement and
overexploitation of natural resources that often threaten eco-
logical potential of vast geographical areas are particularly
apparent in respect of Armenia, for example, the Sotk gold
mine, which affects the entire catchment of the river, and
the recipient lake. Considering all these aspects it is very
important to have a model to manage this water resource
in terms of water quantity, quality etc. As a study region,
the Sotk watershed of Lake Sevan was selected (see Fig. 2)
to assess and study feasibility watershed modeling in that
region.

The input data for the model are: The Digital Elevation
Model (DEM) describes the elevation of any point in a given
area at a specific spatial resolution. A 90 m by 90 m resolu-
tion DEM (576Mb) has been used to delineate the watershed
and to analyze the drainage patterns of the land surface
terrain (see Fig. 3).

The Land use is one of the most important factors that
affects surface erosion, runoff, and evapotranspiration in a
watershed. The most obvious land use in the catchment area
(see Fig. 4) include Agricultural land-close-grown (AGRC),
Range-brush (RNGB) and Forest-mixed (FRST).

The SWAT model requires different soil textural and
physicochemical properties. Major soil types in the basin
are floodland-terraced. These soils are located in high-water
beds of mountain rivers, usually contains alluvial, allivial-
proluvial, alluvial-lacustrine sediments, mountain-meadow,
and meadow-black earth. These two types are formed on the
floodplains of streams and rivers, where occasional floods
and imperfect drainage provide for increased moisture (see
Fig. 5).

And finally the daily meteorological input data, which
include daily precipitation, minimum and maximum air
temperature, have been obtained from the Armenian State
Hydrometeorological Service (ArmHydromet) of the Min-
istry of Emergency Situations of Armenia for Masrik,
Sevan, Martuni and Gavar stations which are the most clos-
est to the watershed. Also the discharge data has been
obtained on daily bases for five years since 2008.

Fig. 6 Comparison of daily
simulated and measured data at
the watershed outlet before the
calibration
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Fig. 7 Comparison of daily
simulated and measured data at
the watershed outlet after the
calibration

The overall necessary data for developing hydrologic
model is given in the Table 1, and input data size is 300MB.

The SWAT model simulation conducted from 01/01/2008
to 31/12/2012, for five years. The sensitivity analysis has
been carried out for all parameters, which can be selected
during the setup of the sensitivity analysis in the ArcSWAT.
As a result the most sensitive parameters have been selected
to carry out the calibration, such as SURLAG (runoff pro-
cesses) and ALPH BF (base flow recession coefficient).
After getting the list of the most sensitive parameters from
the sensitivity analysis, the calibration has been carried
out using these parameters. Model calibration entails the
modification of parameter values and comparison of the pre-
dicted output of interest to measured data until a defined
objective function is achieved (James and Burges 1982).
For the calibration the MATLAB interface has been used
to plot the graphs automatically (Rahman et al. 2013). The
mcalib.m script enables to calibrate the SWAT parameters
manually. Also the same tool is used to run The SWAT
model, and for plotting the graphs and comparing the results
the obtained or measured data has been needed in a .csv file
format. If the result is not accurate the parameters can be
changed from the interface itself by changing any param-
eter value and rerun the script once again till the accurate
result will be obtained. The calibration has been done based
on comparisons between the simulated and measured data
at the watershed outlet, calibrating the long-term average
daily stream flow, calibrating the monthly stream flows, and
finally validating the monthly/daily stream flow. The over-
all output data volume is 65MB. The comparison between
the model before the calibration and after the calibration has
been shown in the below mentioned Figs. 6 and 7:

From the graphs we recognize that the difference bet-
ween the measured and simulated data has been decreased,
and the model can predict accurate results depending on the
accuracy of input data, and the sensitivity and calibration
steps.

Preliminary performance indices measuring the corre-
spondence between simulated discharge and measured daily

flow was 0.4033, and it was 0.1 in the beginning Because
of the quality gauge data both climatical and hydrologi-
cal, the high flows were over estimated and low flows were
underestimated.

Conclusion

As a developing country, from the economical point of
view, the watershed based hydrologic simulation models are
important to implement in Armenia for the assessment of
the quantity of water. The performance and applicability of
SWAT model has been successfully evaluated through sensi-
tivity analysis, model calibration and validation for the five
year period since 2008.

Also the SWAT model can be provided to assist water-
shed modelers in developing their models to achieve water
resources management goals.

Having all these parts together (data, package, storage
etc) in the same environment will simplify the user work
and make running the model and storing the results more
efficient.

For future work various GIS tools can be also integrated
into this environment, and more data can be prepared and
stored to be used from the local storage. The services pro-
vided by OpenGIS will permit to integrate in a workflow all
the different steps even computation (Lecca et al. 2011).

As the calibration results is not found as sufficient, which
depends on the lack of quality gauge data, a recommenda-
tion has been sent to the ArmHydromet in order to provide
further impetus for the improvement of input data quality
results.

Service Access

The portal is accessible at https://afire.asnet.am/asnetvm,
and is freely available for any researcher upon registration.
Due to licence restrictions, the service is available only for
local users through a trusted IdP.

https://afire.asnet.am/asnetvm


Earth Sci Inform

Acknowledgments This work was supported by the Swiss National
Science Foundation (grant n 137325) through the project SCOPES
ARPEGEO (“Deploying ARmenian distributed Processing capacities
for Environmental GEOspatial data” (ARPEGEO 2013)).

References

Arnold JG, Fohrer N (2005) Swat2000: Current capabilities and
research opportunities in applied watershed modeling. Hydrol
Process 19(3):563–572

Arnold JG, Moriasi DN, Gassman PW, Abbaspour KC, White MJ,
Srinivasan R, Santhi C, Harmel RD, van Griensven A, Liew
MWV, Kannan N, Jha MK (2012) Swat: Model use, calibration,
and validation. Trans ASABE 55(4):1491–1508

Arnold JG, Srinivasan R, Muttiah R, Williams J (1998) Largearea
hydrologic modeling and assessment: Part i. model development.
J American Water Resour Assoc 34(1):73–89

ARPEGEO (2013) Deploying armenian distributed processing capac-
ities for environmental geospatial data, http://arpegeo.sci.am

Asmaryan S, Saghatelyan A, Astsatryan H, Bigagli L, Mazzetti P,
Nativi S, Guigoz Y, Lacroix P, Giuliani G, Ray N (2014) Paving
the way toward an environmental national spatial data infras-
tructure in Armenia. South-Eastern European Journal of Earth
Observation and Geomatics 3(3):53–62

Astsatryan H, Hayrapetyan A, Narsisian W, Asmaryan S, Muradyan V,
Guigoz Y, Giuliani G, Ray N (2015) An interoperable cloud-based
scientific gateway for ndvi time series analysis. Elsevier Computer
Standards & Interfaces 31(40):79–84

Astsatryan H, Hayrapetyan A, Narsisian W, Sahakyan V, Shoukourian
Y, Neagu G, Stanciu A (2014) Environmental science feder-
ated cloud platform in the bsec region. International Journal of
Scientific & Engineering Research 1(1):1130–1133

Astsatryan H, Narsisian W, Ghazaryan V, Saribekyan A, Asmaryan S,
Muradyan V, Guigoz Y, Giuliani G, Ray N (2012) Toward to the
development of an integrated spatial data infrastructure in Arme-
nia. In: Proceedings of the ICT innovations 2012 conferenc, pp.
85–93

Astsatryan H, Narsisian W, Hayrapetyan A, Saribekyan A, Asmaryan
S, Muradyan V, Guigoz Y, Giuliani G, Ray N (2015) Springer
Earth Science Informatics 8(2):453–460

Chadwick D, Siu K, Lee C, Fouillat Y, Germonville D (2014) Adding
federated identity management to openstack. Journal of Grid
Computing 12(1):3–27

Computing RC (2014) Openstack web site. http://www.openstack.org/
ESRI (2011) ArcGIS Desktop: Environmental Systems Research Insti-

tute, Redlands, CA release 10 edn
Gorgan D, Bacu V, Mihon D, Rodila D, Abbaspour K, Rouholahnejad

E (2012) Grid based calibration of swat hydrological models. Nat
Hazards Earth Syst Sci 12:2411–2423

Gorgan D, Giuliani G, Ray N, Lehmann A, Cau P, Abbaspour K,
Charvat K, Jonoski A (2013) Black sea catchment observation
system as a portal for geoss community. International Journal
of Advanced Computer Science and applications(IJACSA). Envi-
roGRIDS Special Issue on “Building a Regional Observation
System in the Black Sea Catchment”:9–18

Hessell R (2005) Effects of grid cell size and time step length on sim-
ulation results of the limburg soil erosion model (lisem). Hydrol
Process 19(15):3037–3049

Humphrey M, Beekwilder N, Goodall JL, Ercan MB (2012) Calibra-
tion of watershed models using cloud computing. In: IEEE 8Th
e-science international conference, pp 1–8

James L, Burges SJ (1982) Selection, calibration, and testing of
hydrologic models. In: Hydrologic modeling of small watersheds,
c.t. haan, ASAE Monograph, St. Joseph, Michigan, pp 437–
472

Lecca G, Petitdidier M, Hluchy L, Ivanovic M, Kussul N, Ray N,
Thieron V (2011) Grid computing technology for hydrological
applications. J Hydrol 403:186–199
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