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A change in weather parameters and climate will result in a significant change in
evapotranspiration. Iraq suffers from problems such as reduction in water availability
and unpredictable climate change that would affect irrigated agriculture and evapo-
transpiration. Therefore, estimation of evapotranspiration and standardized meas-
urement are important because evapotranspiration (ET) is the means for exploiting
irrigation and irrigation is considered as the backbone of the peasant society.

Most of the studies in Iraq depend on traditional methods to estimate evapotranspira-
tion. These conventional methods are not practical for large areas because it is diffi-
cult and costly. Therefore, this research aims to use remote sensing (satellite imagery
data) and GIS as modern technologies to estimate evapotranspiration.

In this research, the proposed model has been developed based on equations of SE-
BAL by using GIS to make a simplified model for estimation of evapotranspiration
automatically that leads to a reduction in cost and time and saves effort. Subsequent-
ly, the proposed GIS-based SEBAL model was evaluated with field data by using
regression coefficient. The area surrounding the Al-Hindiyah barrage has been se-
lected as a study area because it is one of the most significant water resources in the
middle part of Iraq. A series of Landsat OLI (Operational Land Imager) satellite im-
ages and climate data of the study area have been collected to determine actual
evapotranspiration using the GIS-based model. In addition, actual evapotranspiration
has been used to assess irrigation performance based on several indicators and to an-
alyze water balance depending on the curve number method in GIS for the study ar-
ea, respectively.



The results indicate that the proposed GIS-based SEBAL model for estimation of
actual evapotranspiration has reasonable agreement with the field data based on the
values of coefficient of variance( Co}") equal to (0.75%, 2.2%, 0.68% and% 2.27% )
indicates that the predicted results of the SEBAL model have high accuracy and con-
sistency. The mean value of the SEBAL model was close to 1.0 (0.99, 0.98, 0.99 and
1.01), which indicated a good correlation between the measured and estimated Et.
Therefore, the SEBAL model efficiently estimated the Et.

In addition, the results of irrigation performance were poor depending on compari-
son values of irrigation performance indicator results with recommended values of
these indicators. Moreover, the results showed a close agreement between rainfall
and runoff based on the value of the CoV values between Q observed/ Q proposed
less than Q observed/ Q calculated indicates that the proposed model results have
high accuracy and consistency than existing model. Therefore, the proposed model
efficiently estimated the runoff.

Furthermore, the change of water content (AS) for the total study area was observed
to have positive values that indicated that there was a percolation of groundwater in
the crop root zone that can be used when water was insufficient.

This study concludes that the development of the GIS-based SEBAL model for cal-
culating actual evapotranspiration provides an efficient and cost-effective means for
estimation of evapotranspiration and it was verified that SEBAL will perform better
if it is supported with field data. In addition, there should be a consensus between the
period when water is provided from the source and the period when it is needed to
increase the irrigation performance. This study provides the possibility of simulating
the runoff either on a daily, monthly, seasonal or an annual scale for each rainfall. It
can be useful for estimating runoff at places where observed runoff records are not
available.
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Perubahan parameter cuaca dan iklim akan menyebabkan perubahan penyejatpelu-
han yang ketara. Iraq mengalami masalah seperti pengurangan ketersediaan air dan
perubahan iklim yang tidak menentu yang akan menjejas pertanian pengairan dan
penyejatpeluhan. Oleh itu, anggaran penyejatpeluhan dan pengukuran yang seragam
adalah penting kerana penyejatpeluhan (ET) adalah cara untuk mengeksploitasi
pengairan dan pengairan dianggap sebagai tulang belakang kepada masyarakat
petani.

Kebanyakan kajian di Iraq bergantung kepada kaedah tradisional untuk mengang-
garkan penyejatpeluhan. Kaedah konvensional tidak praktikal untuk kawasan yang
besar kerana ia sukar dan mahal. Oleh itu, kajian ini bertujuan untuk menggunakan
penderiaan jarak jauh (data imej satelit) dan GIS sebagai teknologi moden untuk-
menganggarkan penyejatpeluhan.

Dalam kajian ini, cadangan reka bentuk SEBAL telah dibangunkan dengan
menggunakan GIS untuk membuat suatu model mudah untuk menganggarkan
penyejatpeluhan yang membawa kepada pengurangan dalam kos dan masa dan men-
jimatkan usaha. Kemudiannya, model SEBAL berasaskan-GIS yang dicadangkan
telah dinilai dengan data lapangan dengan menggunakan pekali regresi. Kawasan di
sekitar empangan rendah Al-Hindiyah telah dipilih sebagai kawasan kajian kerana ia
adalah salah satu sumber air yang paling penting di bahagian tengah Iraq. Satu siri
imej satelit Landsat OLI (Operational Land Imager) dan data iklim kawasan kajian
telah dikumpulkan untuk menentukan penyejatpeluhan sebenar menggunakan model
berasaskan-GIS. Di samping itu, penyejatpeluhan sebenar telah digunakan untuk-
menilai prestasi pengairan berdasarkan beberapa petunjuk dan untuk menganalisis
keseimbangan air bergantung pada kaedah keluk angka dalam GIS untuk kawasan
kajian, masing-masing.
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Keputusan menunjukkan bahawa model SEBAL berasaskan-GIS yang dicadangkan
untuk anggaran penyejatpeluhan sebenar mempunyai persetujuan yang berpatutan
dengan data lapangan berdasarkan ( Col) ialah antara (0.75%, 2.2%, 0.68% and%
2.27% ). Tambahan lagi, hasil prestasi pengairan adalah tidak baik bergantung kepa-
da nilai perbandingan petunjuk prestasi pengairan dengan nilai-nilai petunjuk yang
disyorkan. Selain itu, keputusan menunjukkan persetujuan rapat antara hujan dan air
larian berdasarkan nilai Cov=0.10 yang diperolehi. Tambahan pula, AS bagi kese-
luruhan kawasan kajian telah diperhatikan sebagai mempunyai nilai-nilai positif
yang menunjukkan bahawa terdapat penelusan air bawah tanah di zon akar tanaman
yang boleh digunakan apabila air tidak mencukupi.

Kajian ini menyimpulkan bahawa pembangunan model SEBAL berasaskan- GIS
untuk mengira penyejatpeluhan sebenar menyediakan cara yang cekap dan kos-
efektif untuk anggaran penyejatpeluhan dan ia telah mengesahkan bahawa SEBAL
akan berprestasi lebih baik jika ia disokong dengan data lapangan. Di samping itu,
perlu ada konsensus di antara tempoh apabila air disediakan dari sumber dan tempoh
apabila ia diperlukan untuk meningkatkan prestasi pengairan. Kajian ini menye-
diakan kemungkinan simulasi air larian sama ada pada skala harian, bulanan, ber-
musim atau tahunan bagi setiap kali hujan. Ia mungkin menjadi berguna untuk
menganggarkan air larian di tempat-tempat di mana rekod air larian yang diper-
hatikan tidak
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CHAPTER 1

INTRODUCTION

1.1 Background

Evapotranspiration (ET) is one of the major components in the hydrological cycle
(Telis & Koutsogiannis, 2007). Hence, estimation of this parameter and standardized
measurement related to ET possesses high degree of importance. ET varies by loca-
tion, climate, crop type, soil type, and moisture availability. Evapotranspiration in-
creases with increasing radiation, decreasing humidity, increasing temperature, and
increasing wind speed. The increase in evapotranspiration should be of necessary
concern to permit studies to estimate the increases and integrate in water manage-
ment strategies. It is vital to put forth the effort to know the impact of climate change
on evapotranspiration and use the information for developing adaptations in water
resources management (Allen et al. 2005).

Remote sensing-based surface energy flux modeling is good for mapping spatially
distributed ET for large area application, where conventional measurement are not
practical. Various models are available and these models have some limitations and
are mostly applied to agricultural areas mainly for quantifying crop evapotranspira-
tion for irrigation management. Remote sensing offers data valuable to estimate sur-
face energy fluxes in the thermal infrared portion of the spectrum (Bastiaanssen et al.,
2001; Bos et al., 2005).

The mean for exploiting irrigation is evapotranspiration (ET).Irrigation is considered
as the backbone of the peasant society. This society constitutes the largest percent-
age of the world population. It is estimated that around 70 percent of global water
usage 1s demanded for irrigation, which in turn contributes to approximately 30 to 40
percent of the world’s food production (Bastiaanssen et al., 2000).Hence, the as-
sessment of irrigation performance and analysis of water balance require the usage
of effective tools. These tools enable the decision makers to study large area and at
the same time analyses large number of variables related to irrigation performance
and water balance. Remote sensing and GIS techniques are considered as efficient
techniques that can be used for achieving such works. (Molden et al., 1998).

1.2  Problem Statement

Currently, in some countries such as Iraq, that faces challenges such as reduction in
water availability and unpredictable climate change where a change in weather pa-
rameters and climate will result in a significant change in evapotranspiration. The
worst-case state for water supply is decreasing rainfall, increasing temperatures, and
increasing evapotranspiration that Iraq suffer from it. Therefore, estimation of
evapotransipration and standardized measurement are challenging.



Most of the studies in Iraq depend on traditional methods to estimate
evapotranspiration . Measurement of evapotranspiration based on traditional meth-
ods and climate data is difficult and costly particularly on large area .Therefore, the
current study aims to use remote sensing (satellite imagery data) and GIS as modern
technologies to calculate evapotranspiration. Based on the best knowledge of the au-
thor of this thesis, there is no studies have been carried out to estimate of evapotran-
spiration parameters via remote sensing and GIS techniques in Iraq. Remote sensing
techniques can be used to gather data over an entire areas, while traditional field data
collecting depended on sample areas. Combination remote sensing data with field
data can be an extremely active tool to study the performance of large irrigated areas
and to develop spatiotemporal data. Therefore, using GIS and remote sensing tech-
niques for estimating of evapotranspiration have many advantages, these include re-
duction in cost, time, efforts and providing an integrated assessment approach for
irrigation. Studies focused on estimating of evapotranspiration are very significant
because these studies help in irrigation management practices. In current study, Geo-
graphic Information Systems (GIS) -based Surface Energy Balance Algorithm for
Land (SEBAL) model has been developed and used to estimate of evapotranspiration
as the first time in Iraq.

The SEBAL model has been developed by using GIS to make a simple model for
estimation of evapotranspiration that leads to minimize the cost and time. In addi-
tion, estimation of evapotranspiration from the SEBAL model is the most crucial
part in this research for irrigation performance and water balance analysis. SEBAL
can be applied and implemented for solving evapotranspiration and irrigation prob-
lems.

1.3 Objectives

The overall objective of this study is to develop a GIS-based SEBAL model for es-
timation of evapotranspiration in Iraq. Specifically, the objectives of this research are
summarized as follows:

1- To develop a geospatial Surface Energy Balance Algorithm for Land (SEBAL)
based on Geographic Information Systems (GIS) for evapotranspiration
modelling.

2- To evaluate the hybrid GIS- SEBAL model for estimation of evapotranspira-
tion.

3- To assess irrigation performance analysis of the study area (Al-Hindiyah Bar-
rage, Babil city, Iraq) based on SEBAL model and several indicators.

4- To build rainfall-runoff model for analyzing of the water balance for the study
area.



1.4 Thesis Outline

Chapter one presents an introduction to the research conducted which contains re-
search background, problem statement, research objectives and the overall organiza-
tion of this thesis.

Chapter two highlights the general literature review of the research. In this chapter,
information about the research objectives is described.

Chapter three focuses on the research methodology as well as the materials used in
the study.

Chapter four discusses the results obtained from the research objectives that are di-
vided into four sections. The first section presents the production of evapotransipra-
tion parameters maps in GIS. The second section contains the discussion and evalua-
tion of the SEBAL results using field data. The third section presents the assessment
of irrigation performance for the study area. The final section contains the modeling
of rainfall-runoff and analyzing of water balance for the study area.

Chapter five presents the conclusions obtained from this research. Discussion on fu-
ture works is also presented.



REFERENCES

Acharya, S., Pandey, A., & Chaube, U. (2014). Use of geographic information
systems in irrigation management: a review. Journal of Indian Water
Resources Society, 34(2).

Abtew, W., & Melesse, A. (2013). Evaporation and Evapotranspiration: Measure-
ments and Estimations, DOI 10.1007/978-94-007-4737-1 5, Springer Sci-
ence+ Business Media Dordrecht.

Abtew W, Sculley S (1991) .Evapotranspiration estimation method for south Florida
(The Everglades Agricultural Area). Paper presented at the 51st annual meet-
ing of the Soil and Crop Science Society of Florida, Orlando.

Ahmad, M.D., Turral, H., & Nazeer, A. (2009). Diagnosing irrigation performance
and water productivity through satellite remote sensing and secondary data in
a large irrigation system of Pakistan. Agricultural water management, 96(4),
551-564.

Ahmad, M.D., Biggs, T., Turral, H., &Scott, C.A., 2006. Application of SEBAL ap-
proach and MODIS time-series to map vegetation water use patterns in the
data scarce Krishna river basin of India. IWA Journal of Water Science and
Technology 53 (10), 83-90.

Al Zayed, 1. S., Elagib, N. A., Ribbe, L., & Heinrich, J. (2015). Spatio-temporal
performance of large-scale Gezira Irrigation Scheme, Sudan. Agricultural
Systems, 133, 131-142.

Alexandridis, T., Panagopoulos, A., Galanis, G., Alexiou, L., Cherif, 1., Chemin, Y.,
& Zalidis, G. (2014). Combining remotely sensed surface energy fluxes and
GIS analysis of groundwater parameters for irrigation system assessment.
Irrigation Science, 32(2), 127-140.

Ali, M. (2011). GIS in Irrigation and Water Management Practices of Irrigation &
On-farm Water Management: Volume 2 (pp. 423-432): Springer.

Allen, R. G., Tasumi, M., & Trezza, R. (2007). Satellite-based energy balance for
mapping evapotranspiration with internalized calibration (METRIC)—
Model. Journal of irrigation and drainage engineering, 133(4), 380-394.

Allen, R.G.,Pereira, L.S., Raes, D.,& Smith, M.( 1998). Crop Evapotranspiration—
Guidelines for Computing Crop Water Requirements; FAO Irrigation and
Drainage Paper 56; Food and Agriculture Organization of the United Na-
tions: Rome, Italy,

Awan, U. K., Tischbein, B., Conrad, C., Martius, C., & Hafeez, M. (2011). Remote
sensing and hydrological measurements for irrigation performance
assessments in a water user association in the lower Amu Darya River Basin.
Water resources management, 25(10), 2467-2485.

Bashir, M., Tanakamaru, H., & Tada, A. (2011). Remote Sensing for Assessing
Water Management and Irrigation Performance in the Arid Environment of

112



the Gezira Scheme, Sudan. Journal of Environmental Science and
Engineering, 5(3).

Bandara, K.M.P.S., 2006. Assessing irrigation performance by using remote sensing.
Doctoral thesis, Wageningen University, Wageningen, The Netherlands. p.
156.

Bastiaanssen, W.G.M., Menenti, M., Feddes, R.A., & Holtslag, A.A.M.,( 1998a). A
remote sensing surface energy balance algorithm for land (SEBAL). Part 1.
Formulation. Journal of Hydrology 212-213, 198-212.

Bastiaanssen, W.G.M., Pelgrum, H., Wang, J., Ma, Y., Moreno, J.F., Roerink, G.J.,
& van der Wal, T., (1998b). A remote sensing surface energy balance algo-
rithm for land (SEBAL). Part 2. Validation. Journal of Hydrology 213-229.

Bastiaanssen, W.G.M., Ahmad, M.D., & Chemin, Y., (2002). Satellite surveillance
of evaporative depletion across the Indus. Water Resources Research 38 (12),
1-9 1273.

Bastiaanssen, W.G.M., Brito, R.A.L., Bos, M.G., Souza, R.A., Cavalcanti, E.B.,
&Bakker, M.M., (2001). Low cost satellite data for monthly irrigation per-
formance monitoring: benchmarks from Nilo Coelho, Brazil. Irrigation and
Drainage Systems 15, 53—79.

Bastiaanssen, W., Noordman, E., Pelgrum, H., Davids, G., Thoreson, B., & Allen, R.
(2005). SEBAL model with remotely sensed data to improve water-resources
management under actual field conditions. Journal of irrigation and drainage
engineering.

Bastiaanssen, W.G.M., Molden, D.J., & Makin, LW., (2000). Remote sensing for
irrigated agriculture: examples from research and possible applications. Agri-
cultural Water Management 46, 137-155.

Bhattarai, N., Dougherty, M., Marzen, L. J., & Kalin, L. (2012). Validation of
evaporation estimates from a modified surface energy balance algorithm for
land (SEBAL) model in the south-eastern United States. Remote Sensing
Letters, 3(6), 511-519.

Boegh, E., Poulsen, R., Butts, M., Abrahamsen, P., Dellwik, E., Hansen, S., &
Pilegaard, K. (2009). Remote sensing based evapotranspiration and runoff
modeling of agricultural, forest and urban flux sites in Denmark: From field
to macro-scale. Journal of Hydrology, 377(3), 300-316.

Bos, M.G., (1997). Performance indicators for irrigation and drainage. Irrigation and
Drainage Systems 11, 119-137.

Bosman, H.H., (1990). Methods to convert American Class A-Pan and Symon's
Tank evaporation to that of a representative environment. Water SA, 16, 227-
236.

Bos, M.G., Nugteren, J., (1990). On irrigation efficiencies. International Institute for
Land Reclamation and Improvement (ILRI), ILRI Publication 19, Wa-
geningen, the Netherlands, p. 138.

113



Bos, M.G., Burton, M.A., &Molden, D.J., (2005). Irrigation and Drainage Perfor-
mance Assessment: Practical Guidelines. CABI Publishing, Trowbridge, US,
p. 155.

Bos, M.G., Wolters, W., Drovandi, A., & Morabito, J.A., (1991). The Viejo Retamo
secondary canal performance evaluation case study: Mendoza, Argentina. Ir-
rigation and Drainage Systems 5, 77—88.

Buyukcangaz, H., & Korukcu, A. (2007). Integrated approach for water resources
and irrigation management in Turkey. Water international, 32(S1), 710-719.

Cammalleri, C., Anderson, M., Ciraolo, G., Durso, G., Kustas, W., La Loggia, G., &
Minacapilli, M. (2012). Applications of a remote sensing-based two-source
energy balance algorithm for mapping surface fluxes without in situ air
temperature observations. Remote Sensing of Environment, 124, 502-515.

Campbell,JB.,&Wynne,RH.,(2011).Intorduction to remote sensing.Fifth
edition,Guilford press.NewYork.

Conrad, C., Dech, S., Hafeez, M., Lamers, J., & Tischbein, B. (2013). Remote
sensing and hydrological measurement based irrigation performance
assessments in the upper Amu Darya Delta, Central Asia. Physics and
Chemistry of the Earth, Parts A/B/C, 61, 52-62.

Chen, J., Shi, H., Sivakumar, B., & Peart, M. R. (2016). Population, water, food,
energy and dams. Renewable and Sustainable Energy Reviews, 56, 18-28.

Diamond, M. G., & Melesse, A. M. (2016). Water resources assessment and
geographic information system (GIS)-based stormwater runoff estimates for
artificial recharge of freshwater aquifers in New Providence, Bahamas.
InLandscape Dynamics, Soils and Hydrological Processes in Varied
Climates(pp. 411-434). Springer International Publishing.

Dixon,B., & Uddameri,V.(2016).GIS and geocomputation for water resourcescience
and engineering. John Wiley & Sons, Ltd.

DeWinnaar, G., Jewitt, G., & Horan, M. (2007). A GIS-based approach for
identifying potential runoff harvesting sites in the Thukela River basin, South
Africa. Physics and Chemistry of the Earth, Parts A/B/C, 32(15), 1058-1067.

Deshmukh, D. S., Chaube, U. C., Hailu, A. E., Gudeta, D. A., & Kassa, M. T.
(2013). Estimation and comparision of curve numbers based on dynamic land

use land cover change, observed rainfall-runoff data and land slope. Journal
of Hydrology, 492, 89-101.

Filimonova, M. & Trubetskova M. (2005). Calculation of evaporation from the Cas-
pian Sea surface. Nijmegen, Netherlands.

Gad, M. A. (2013). A useful automated rainfall-runoff model for engineering
applications in semi-arid regions. Computers & Geosciences, 52, 443-452.

Ghahroodi, E. M., Noory, H., & Liaghat, A. (2015). Performance evaluation study
and hydrologic and productive analysis of irrigation systems at the Qazvin
irrigation network (Iran). Agricultural water management, 148, 189-195.

114



Gibson, L., Jarmain, C., Su, Z., & Eckardt, F. (2013). Estimating evapotranspiration
using remote sensing and the Surface Energy Balance System-A South
African perspective. Water Sa, 39(4), 00-00.

Gitika, T., & Ranjan, S. (2014). Estimation of Surface Runoff using NRCS Curve
number procedure in Buriganga Watershed, Assam, India-A Geospatial
Approach. International research journal of earth sciences, 2 (5), 1, 7.

Gokbulak, F., Sengéniil, K., Serengil, Y., Yurtseven, 1., Ozhan, S., Cigizoglu, H. K.,
& Uygur, B. (2015). Comparison of Rainfall-Runoff Relationship Modeling
using Different Methods in a Forested Watershed. Water resources
management, 29(12), 4229-4239.

Gonzélez-Dugo, M., Escuin, S., Cano, F., Cifuentes, V., Padilla, F., Tirado, J., &
Mateos, L. (2013). Monitoring evapotranspiration of irrigated crops using
crop coefficients derived from time series of satellite images. II. Application
on basin scale. Agricultural water management, 125, 92-104.

Guermazi, E., Bouaziz, M., & Zairi, M. (2016). Water irrigation management using
remote sensing techniques: a case study in Central Tunisia. Environmental
Earth Sciences, 75(3), 1-14.

Ines, A. V., Honda, K., Gupta, A. D., Droogers, P., & Clemente, R. S. (2006).
Combining remote sensing-simulation modeling and genetic algorithm
optimization to explore water management options in irrigated agriculture.
Agricultural water management, 83(3), 221-232.

Isaev, V., & Mikhailova, M. (2009). The hydrography, evolution, and hydrological
regime of the mouth area of the Shatt al-Arab River. Water resources, 36(4),
380-395.

Jain, M. K., Kothyari, U. C., & Raju, K. G. R. (2004). A GIS based distributed
rainfall-runoff model. Journal of Hydrology, 299(1), 107-135.

Jiang, Y., Liu, C., Li, X., Liu, L., & Wang, H. (2015). Rainfall-runoff modeling,
parameter estimation and sensitivity analysis in a semiarid catchment.
Environmental Modelling & Software, 67, 72-88.

Kadhum,H.M.,(2014). Evaluation of irrigation network of Al-Hussainiyah irrigation
project using geomatics techniques.Msc thesis,University of Technology.Iraq

Karatas, B. S., Akkuzu, E., Unal, H. B., Asik, S., & Avci, M. (2009). Using satellite
remote sensing to assess irrigation performance in Water User Associations
in the Lower Gediz Basin, Turkey. Agricultural water management, 96(6),
982-990.

Kato, T., Kuroda, H., & Yoshida, K. (2013). GIS analysis of conjunctive water
resource use in Nganjuk district, east Java, Indonesia. Paddy and Water
Environment, 11(1-4), 193-205.

Kharrou, M. H., Le Page, M., Chehbouni, A., Simonneaux, V., Er-Raki, S., Jarlan,
L., & Chehbouni, G. (2013). Assessment of equity and adequacy of water
delivery in irrigation systems using remote sensing-based indicators in semi-
arid region, Morocco. Water resources management, 27(13), 4697-4714.

115



King, D. A., Bachelet, D. M., Symstad, A. J., Ferschweiler, K., & Hobbins, M.
(2015). Estimation of potential evapotranspiration from extraterrestrial
radiation, air temperature and humidity to assess future climate change
effects on the vegetation of the Northern Great Plains, USA. Ecological
Modelling, 297, 86-97.

Kirpich, P. Z., Haman, D. Z., & Styles, S. W. (1999). Problems of irrigation in
developing countries. Journal of irrigation and drainage engineering, 125(1),
1-6.

Kisi, O., Shiri, J., & Tombul, M. (2013). Modeling rainfall-runoff process using soft
computing techniques. Computers & Geosciences, 51, 108-117.

Kumar, K. A., Reddy, M., Devi, M. U., Narender, N., & Neelima, T. (2014).
Irrigation performance assessment of left bank canal, Nagarjuna Sagar

Project, India During Rabi Using Remote Sensing and GIS. Agrotechnol,
323 28

Kumar,P.S.,(2004).Diagnosing irrigation water resourecs with multi-sensor remote
sensing and GIS techniques.Msc thesis.Enschede,Netherlands.

Lecina, S., Neale, C., Merkley, G., & Dos Santos, C. (2011). Irrigation evaluation
based on performance analysis and water accounting at the Bear River
Irrigation Project (USA). Agricultural water management, 98(9), 1349-1363.

Liou, Y. A., & Kar, S. (2014) Evapotranspiration Estimation with Remote Sensing
and Various Surface Energy Balance Algorithms. A Review. Energies, 7,
2821-2849.

Lian, J., & Huang, M. (2015). Evapotranspiration Estimation for an Oasis Area in
the Heihe River Basin Using Landsat-8 Images and the METRIC Model.
Water resources management, 29(14), 5157-5170.

Long, D., & Singh, V. P. (2012). A modified surface energy balance algorithm for
land (M-SEBAL) based on a trapezoidal framework. Water Resources
Research, 48(2).

Long, D., Singh, V. P, & Li, Z. L. (2011). How sensitive is SEBAL to changes in
input variables, domain size and satellite sensor? Journal of Geophysical
Research: Atmospheres, 116(D21).

Ma, W., Hafeez, M., Ishikawa, H., & Ma, Y. (2013). Evaluation of SEBS for
estimation of actual evapotranspiration using ASTER satellite data for

irrigation areas of Australia. Theoretical and applied climatology, 112(3-4),
609-616.

Mahmoud, S. H. (2014). Investigation of rainfall-runoff modeling for Egypt by
using remote sensing and GIS integration. Catena, 120, 111-121.

Masoud, M.(2015).Rainfall-runoff modeling of ungauged Wadis in arid
environments (case study Wadi Rabigh—Saudi Arabia). Arabian Journal of
Geosciences, 8(5), 2587-2606.

116



Mekonnen, M.G., & Bastiaanssen, W.G.M., (2000). A new simple method to deter-
mine crop coefficients for water allocation planning from satellites; results
from Kenya. Irrigation and Drainage Systems 14 (3), 237-256.

Melesse, A. M., & Shih, S. (2002). Spatially distributed storm runoff depth
estimation using Landsat images and GIS. Computers and Electronics in
Agriculture, 37(1), 173-183.

Merchan, D., Causapé, J., Abrahdo, R., & Garcia-Garizabal, 1. (2015). Assessment of
a newly implemented irrigated area (Lerma Basin, Spain) over a 10-year
period. I: Water balances and irrigation performance. Agricultural water
management, 158, 277-287.

Molden, D.J. (1997). Accounting for water use and productivity, SWIM paper 1, In-
ternational Water Management Institute (IWMI), Colombo, Sri Lanka, p. 16.

Molden, D., Sakthivadivel, R., Perry, C., & De Fraiture, C., (1998), Indicators for
comparing performance of irrigated agriculture systems, Research Report 20,
International Irrigation Management Institute, Colombo, Sri Lanka.

Ministry of Transportation, Babil Meteorological Station, (2014), Unpublished cli-
matic data, Babil, Iraq.

Ministry of Agriculture and Irrigation, State Organization for Land Reclamation and
Engineering Consulting Bureau at University of Technology, (1990). The
economic feasibility study of Al-Hussainiyah irrigation project in Karbala
Province, Technical report, Baghdad, Iraq,

Nagarajan, R., & Suresh, M. (2002). Performance assessment of water resource
project using remote sensing and a Geographical Information System-a case
study. International Journal of Remote Sensing, 23(20), 4475-4485.

Napoli, M., Cecchi, S., Orlandini, S., & Zanchi, C. A. (2014). Determining potential
rainwater harvesting sites using a continuous runoff potential accounting
procedure and GIS techniques in central Italy. Agricultural water
management, 141, 55-65.

Nouri, H., Beecham, S., Kazemi, F., Hassanli, A. M., & Anderson, S. (2013).
Remote sensing techniques for predicting evapotranspiration from mixed

vegetated surfaces. Hydrology and Earth System Sciences Discussions,
10(3), 3897-3925.

Paiva, C. M., Franca, G. B., Liu, W. T. H., & Rotunno Filho, O. C. (2011). A
comparison of experimental energy balance components data and SEBAL

model results in Dourados, Brazil. International Journal of Remote Sensing,
32(6), 1731-1745.

Papadavid, G., Hadjimitsis, D. G., Toulios, L., & Michaelides, S. (2013). A modified
SEBAL modeling approach for estimating crop evapotranspiration in semi-
arid conditions. Water resources management, 27(9), 3493-3506.

Paul, G., Gowda, P. H., Prasad, P. V., Howell, T. A., Aiken, R. M., & Neale, C. M.
(2014). Investigating the influence of roughness length for heat transport (z
oh) on the performance of SEBAL in semi-arid irrigated and dryland
agricultural systems. Journal of Hydrology, 509, 231-244.

117



Priestley, C.H., &Taylor, R.J., (1972). On the assessment of surface heat flux and
evaporation using large scale parameters. Monthly Weather Review 100,
81-92.

Rahimi, S., Gholami Sefidkouhi, M. A., Raeini-Sarjaz, M., & Valipour, M. (2015).
Estimation of actual evapotranspiration by using MODIS images (a case

study: Tajan catchment). Archives of Agronomy and Soil Science, 61(5),
695-709.

Perry, C.J., (1996). Quantification and measurement of a minimum set of indicators
of the performance of irrigation systems. International Irrigation Manage-
ment Institute, Colombo, Sri Lanka

Roerink, G.J., Bastiaanssen, W.G.M., Chambouleyron, J., & Menenti, M. (1997).
Relating crop water consumption to irrigation water supply by remote sens-
ing. Water Resources Management 11 (6), 445-465.

Rao, K. D., Rao, V. V., & Dadhwal, V. K. (2014). Improvement to the Thornthwaite
method to study the runoff at a basin scale using temporal remote sensing
data. Water resources management, 28(6), 1567-1578.

Ray, S., Dadhwal, V., & Navalgund, R. (2002). Performance evaluation of an
irrigation command area using remote sensing: a case study of Mabhi
command, Gujarat, India. Agricultural water management, 56(2), 81-91.

Sajikumar, N., & Remya, R. (2015). Impact of land cover and land use change on
runoff characteristics. Journal of environmental management, 161, 460-468.

Santos, C., Lorite, I., Allen, R., & Tasumi, M. (2012). Aerodynamic
parameterization of the satellite-based energy balance (METRIC) model for

ET estimation in rainfed olive orchards of Andalusia, Spain. Water resources
management, 26(11), 3267-3283.

Santos, C., Lorite, I. J., Tasumi, M., Allen, R., & Fereres, E. (2010). Performance
assessment of an irrigation scheme using indicators determined with remote
sensing techniques. Irrigation Science, 28(6), 461-477.

Savige, C. L., French, A. N., Western, A. W., Walker, J. P., Abuzar, M., Hacker, J.
M., & Kalma, J. D. (2006). Remote sensing estimates of actual

evapotranspiration in an irrigation district. Australian Journal of Water
Resources, 10(2), 207-212.

Schipper, P. (2005).Determination of the actual evapotranspiration on a regional
scale for a closed watershed in Argentina. MSc Thesis. Delft University of
Technology. Water Resources of Rio Dulce in Santiago del Estero. Delft. p.
77.

Shiklomanov, 1. A. (2000). Appraisal and assessment of world water resources.
Water international, 25(1), 11-32.

Singh, R. K., Liu, S., Tieszen, L. L., Suyker, A. E., & Verma, S. B. (2012).
Estimating seasonal evapotranspiration from temporal satellite images.
Irrigation Science, 30(4), 303-313.

Smith,G.N.(1986).Probability and statistics in civil engineering.Collins London.

118



Smith, M., (1992). CROPWAT a computer program for irrigation planning and
management, FAO Irrigation and Drainage Paper 46. Rome. p.126.

Steele, D. D., Thoreson, B. P., Hopkins, D. G., Clark, B. A., Tuscherer, S. R., &
Gautam, R. (2015). Spatial mapping of evapotranspiration over Devils Lake
basin with SEBAL: application to flood mitigation via irrigation of
agricultural crops. Irrigation Science, 33(1), 15-29.

Taguas, E., Gomez, J., Denisi, P., & Mateos, L. (2015). Modelling the Rainfall-
Runoff Relationships in a Large Olive Orchard Catchment in Southern Spain.
Water resources management, 29(7), 2361-2375.

Tasumi, M. (2003). Progress in operational estimation of regional evapotranspiration
using satellite imagery.

Tayfur,G.,Brocca, L. (2015). Fuzzy Logic for Rainfall-Runoff Modelling
Considering Soil Moisture. Water resources management, 29(10), 3519-
398 3%

Telis, A., Koutsogiannis, D. (2007). Estimation of evapotranspiration in Greece.
PhD Thesis, University of Athens.

Tempfli, K. ,Kerle,N.,Gerrit,C.,&Janssen,L.(2009).Principlesof remote sensing.Fourth
edition,ITC,The Netherlands.

Tibor, G. J., Grigg, N. S., Helweg, O. J., Plusquellec, H., Burt, C. M., Merriam, J. L.,
& Kirpich, P. Z. (2000). Problems of Irrigation in Developing Countries.
Journal of irrigation and drainage engineering, 126(3), 195-202.

Tuya, S., Batjargal, Z., Kajiwara, K., & Honda, Y. (2005). Satellite-derived
estimates of evapotranspiration in the arid and semi—arid region of Mongolia.
International journal of environmental studies, 62(5), 517-526.

USDA, (2004). Estimation of direct runoff from storm rainfall. National Engineering
Hand- book p. 79.

USDA, (2004). Hydrologic Soil-Cover Complexes National Engineering Hand- book
p. 14.

Usman, M., Liedl, R.,, & Awan, U. (2015). Spatio-temporal estimation of
consumptive water use for assessment of irrigation system performance and

management of water resources in irrigated Indus Basin, Pakistan. Journal of
Hydrology, 525, 26-41.

Van Dijk, A., & Renzullo, L. J. (2011). Water resource monitoring systems and the
role of satellite observations. Hydrology and Earth System Sciences, 15(1),
39-55.

Yang, G., Guo, P., Huo, L., & Ren, C. (2015). Optimization of the irrigation water
resources for Shijin irrigation district in north China. Agricultural Water
Management, 158, 82-98.

Zhang, X. c., Wu, J. w., Wu, H.y,, & Li, Y. (2011). Simplified SEBAL method for
estimating vast areal evapotranspiration with MODIS data. Water Science
and Engineering, 4(1), 24-35.

119



Zhang, X., Berhane, T., & Seielstad, G. (2008). Comparision of Landsat and MODIS
Estimates of Heat Fluxes: Effect of Surface Heterogeniety. Paper presented at
the Geoscience and Remote Sensing Symposium, 2008. IGARSS 2008. IEEE
International.

Zhang, X., & Wu, H. (2011). Sensitivity analysis of the sunshine duration
parameters in SEBAL model for estimating winter wheat evapotranspiration.

Paper presented at the Geoscience and Remote Sensing Symposium
(IGARSS), IEEE International.

Zwart, S. J., & Leclert, L. M. (2010). A remote sensing-based irrigation performance
assessment: a case study of the Office du Niger in Mali. Irrigation science,
28(5), 371-385.

120





