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Abstract: The Potential (Latent) Evaporation is one of the most important elements of the water budget as well as the energy balance
because Potential Evaporation is important in practical applications such as agriculture and irrigation projects, and Soil Water Content
(Soil Moisture) plays an important role in both global and regional Hydrological cycles. In This Search was study the synoptic analysis
of the monthly average data for surface potential evaporation and surface soil moisture of eight different stations in Iraq (Mosul,
Sulaymaniyah, Tikrit, Baghdad, Rutba, Kut, Nukhayib, Basrah) for 30 years (1985-2014) from NOAA. The data were processed using
some statistical techniques such as simple linear regression and the Spearman Rho correlation coefficient. The results showed that
there is an increase in the values of surface potential evaporation in hot months and a decrease in the cold months of the year and vice
versa surface soil moisture values. An inverse relationship between surface potential evaporation and surface soil moisture. For the
total annual surface potential evaporation was at Kut station and then Sulaymaniya station and the lowest value was in Mosul station
and then Nukhayib station and the highest value of the total annual average of surface soil moisture was at Sulaymaniyah station and
lowest value in the Nukhayib station.
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1. Introduction
Can be defined Potential Evaporation (PE) is controlled by
evaporation on the climate through runoff indefinite, or
measuring the ability of the atmosphere on the water
removed from the surface of the soil through evaporation and
transpiration, either Actual Evaporation (AE) is the amount
of water that is actually removed from the surface through
evaporation and transpiration operations and will always be
less than Potential Evaporation [1], see Fig. 1.

Figure 1: The Water Balance [1].
There are several factors that affect the Potential evaporation
They (solar radiation as the most important influences
meteorology and temperatures, relative humidity and wind
speed as well as other factors that influence indirectly as the
level of water and preprocessing air and iceberg soil
temperature and the outpouring underlying sensible heat) is
the Potential evaporation important factors in air operations,
where he contributes to the formation of clouds and
precipitation process is where one of the most important

determinants of water cycle in nature and therefore the
measurement of the amount of Potential evaporation
necessary to assess water requirements as well as the urgent
need for its own account when planning irrigation projects
[2], [3]. The water content of the soil is variable head on a
large scale in many environmental studies, including
meteorological, hydrological, agriculture, climate change and
affect the surface of the soil, especially at a depth of (1-2)
meters, between the land and atmosphere interact key and is
one of the key variables that control the exchange water and
thermal energy between the surface and the atmosphere
through evaporation and plant transpiration and has this
variable multiple links with variables meteorology other,
making it effective in terms of predictive dramatically [4], in
spite of being a very small layer compared to the amount the
world's total water but very important in many of the basic
processes of many of the hydrological and chemists and
neighborhoods is an important variable used in many
applications (such as numerical weather forecasts and
monitoring of global climate change and forecasting in runoff
and modeling of evaporation) so it's important to close
monitoring and assessment of spatial and temporal variations
of the water content of the soil [5], [6].
Agriculture is the most sector economic impact of severe
weather events such as droughts and rely many other
economic sectors in the community on Agroecosystems that
are specific form of air-conditioned eco-systems of humans
for food production, so the drought can have a lot of
economic and social negative effects, such as loss of income
in the agriculture and food industries and the high costs of
large water production techniques such as irrigation systems
[7].
Through continuous monitoring and modeling of
hydrological processes can be obtained on the variation and
the impact of the water content of the soil and reach practical
applications are examples of these applications as follows
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[8], [9]:
1) The deviation between the actual values and the desired
water content of the soil is critical to the process of water
resources and to take political and administrative
decisions.
2) Predict climate change and ritual, such as rainfall and
temperature by estimating water and heat transfer between
the earth's surface and atmospheric process flow.
3) Flood forecasting on the spatial distribution of the degree
of saturation of the soil surface basis.
4) Irrigation development through knowledge of the spatial
and temporal distribution of water content of the soil.
5) Rural and urban planning, which is before choosing the
type of farms and crops, which are primarily based on the
level of soil moisture in order to maximize the economic,
social and environmental benefits.
6) Prediction of global climate change through the
continuation or change in the high or low water content of
the soil ratio.
7) Agricultural applications by estimating the plant growth
in knowing the water content of the soil.
8) Other environmental processes through hydrological
modeling and prediction of erosion.

2. Material and Methods

 Spearman rho test grades
It is a test of a set of observed data (xi = 1,2,……,n) is based
on the null hypothesis that is, all xi values are independent
and have the same distribution and to calculate the Spearman
Rho coefficient statistical ranks (rs) must convert the original
model to the ranks mediated arranged in descending order in
terms of amount and then the value of the account through di
(di = ki-i) where the (i = 1,2,…..,n) and rs is given by the
following [12]:

If the value of n large can choose the value of rs to their
importance by calculating the value of ts which is given by
the equation:

If the value of ts false calculated within the trusted boundary
for the selection of a dual party from this we conclude that
there is no trend in the data series and through the Table 1.
Can determine the value of the degree of correlation and
interpretation of test transactions.
Table 1: The degree of correlation and interpretation of
test transactions [12]

2.1 Statistical analysis
Conducted numerous statistical tests available has been
selected analysis Simple linear regression and use the value
of probabilistic P-Value and Spearman rho test to determine
the shape of the relationship:

Parameter
value
Less 0.2
0.2-0.4
0.4-0.7
0.7-0.9
0.9-1

Correlation
Few
Low
Medium
High
Very high

Interpretation of
relation
No relation
Small relation
Acceptable relation
Special relation
Strong relation

 Simple linear regression
Is the study of the relationship between two variables only
accessible to a linear relationship (i.e. a straight line
equation) between these two variables, a parametric test as it
is assumed that the data are distributed normally distributed
and to find out the value of the regression slope of the
regression is calculated by the following linear equation [10]:

Where b: slope of the regression and found a slope straight
line in equation (1), a: a constant gradient and demonstrate
the value of the lump of axis Y ̅ for Straight line.
 Probability-value
It is purely a statistical term, which is a number or the
number of measurements used to evaluate the statistical value
of a show that was a contrast factor it is an influential factor
or not really? If the P-Value is less than 0.05, the contrast
factor it is an influential factor in the variable that we are
trying to study the change may consider factor affecting even
the value of P-Value equal to 0.1 but that exceeds 0.1 this
factor should be removed from the form it is ineffective [11].

Figure 2: Map of Iraq, explaining the study areas [14]
2.2 Data source and study areas
Took the Surface Soil Moisture data units (m3 m-3) and data
of the Surface Potential Evaporation units (W/m2) from the
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National Oceanic and Atmospheric Administration (NOAA)
for 30 years (1985-2014) in the form of maps Synoptic and
processed statistically [13]. It was in this work-study
different parts of Iraq, including the northern areas of Iraq
(Sulaymaniya, Mosul) and areas of southern Iraq (Basrah)
and middle and Western regions (Kut, Tikrit, Baghdad,
Rutba, and Nukhayib), see Fig. 2.

3. The Results and Discussion
3.1 The monthly synoptic analysis for SPE and SSM
Through the Fig. 3 and 4, the monthly synoptic analysis in
the surface potential evaporation and surface soil moisture
respectively, as can be seen rising Surface Potential
Evaporation in southern areas and declining in the northern
areas and vice versa in the monthly synoptic analysis of the
Surface Soil Moisture.

Figure 3: The monthly synoptic analysis of surface potential evaporation for thirty years (1985-2014) in Iraq.
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Followed the Figure 3
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Figure 4: The monthly synoptic analysis of surface soil moisture for thirty years (1985-2014) in Iraq.
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Followed the Figure 4
3.2 The annual change of SPE and SSM
In the Fig. 5, shows the annual change of surface potential
evaporation with surface soil moisture for eight different
stations in Iraq (Mosul, Sulaimaniya, Tikrit, Baghdad, Rutba,
Kut, Nukhayib, Basrah) during the time period from 1985 to

2014. It notes the existence of a changing relationship
between them where increasing values of surface potential
evaporation in stations where the decreasing values of
surface soil moisture, and vice versa.

Figure 5: The annual change of SPE and SSM for eight different stations in Iraq of the period from 1985 to 2014.
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Followed the Figure 5
3.3 The total annual average for SPE and SSM in Iraq

different stations in Iraq over thirty years (1985-2014),

The Fig. 6, shows the average total annual surface potential
evaporation and surface soil moisture respectively, for eight

Figure 6: The average total annual for SPE and SSM of eight different stations in Iraq over thirty years (1985-2014)
3.4 The relationship between SPE and SSM
The Fig. 7, illustrates the relationship between the surface
potential evaporation and surface soil moisture where they
were taking the monthly average for the thirty year period
(1985-2014) to eight different stations in Iraq (Mosul,

Sulaimaniya, Tikrit, Baghdad, Rutba, Kut, Nukhayib,
Basrah). And it found that there is a strong inverse
correlation between them, and the Table 2, shows the
strength of this relationship.
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Figure 7: The relationship between the SPE and SSM of eight different stations in Iraq for the period (1985-2014).
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Table 2: Spearman rho test results and Simple Linear
Regression (SLR) to find the strength of the relationship
between the SPE and SSM
Stations
Mosul
Sulaymaniya
Tikrit
Baghdad
Rutba
Kut
Nukhayib
Basrah

SLR
P-value
0.0001
0.0001
0.0001
0.0001
0.0001
0.0002
0.0001
0.0009

Relation
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear

Spearman rho
rs
Correlation
-0.89
High-inverse
-0.91
High-inverse
-0.89
High-inverse
-0.89
High-inverse
-0.92
High-inverse
-0.87
High-inverse
-0.89
High-inverse
-0.83
High-inverse

4. Conclusions
1) Increase the monthly average of SPE in the southern
stations and a decrease in the northern stations of Iraq.
2) Increase the monthly average of SPE in hot months and
decrease in cold months.
3) A lower monthly average of SSM in the southern stations
and increase in the northern stations of Iraq.
4) The monthly average of SSM decreased in the hot months
and increased in the cold months.
5) The highest value of the total annual average of SPE was
at Kut station and then Sulaymaniya station and the
lowest value was in Mosul station and then Nukhayib
station.
6) The highest value of the total annual average of SSM was
at Sulaymaniya station and the lowest value was in
Nukhayib station.
7) There is a strong inverse relationship between SPE and
SSM.

5. Acknowledgment
I'd like to acknowledge a debt of gratitude to the National
Oceanic and Atmospheric Administration (NOAA), to prefer
and help us get the data Surface Soil Moisture in unit (m3m-3)
and data of the Surface Potential Evaporation in units (W/m2)
and for the years from 1985 to 2014.

References
[1] C. A. J. Appelo, and D. Postma, “Geochemistry ground
water and Pollution Rotterdam,” A. A. Balkema, pp.
536.1999.
[2] J. Walker, “Estimating Soil Moisture Profile Dynamics
from Near-Surface Soil Moisture Measurements and
Standard Meteorological Data,” Ph.D. Thesis submitted
to The University of Newcastle, Australia, 1999.
[3] W. Ling, and J. Q. John, “Satellite Remote Sensing
Applications for Surface Soil Moisture Monitoring A
review,” Journal of Front. Earth Sci. China, Vol.3, No.2,
pp.237-247.2009.
[4] Commission for Agricultural Meteorology (CAGM).
“Report of the RA II Working Group on Agricultural
Meteorology. Part IV Drought and Desertification,”
Report no. WMO/TD-52, pp.1-43.1993.
[5] J. D. Fast, and M. D. McGorcle, “The Effect of
Heterogeneous Soil Moisture on a Summer Baroclinic

Circulation in the Central United States,” Journal of
Mon. Wea. Rev., Vol.119, pp.2140-2167.1991.
[6] James, E. A. Soil Moisture. 1999.
http://www.ghcc.msfc.nasa.gov/landprocess/lp_home.ht
ml
[7] S. Ghazwan, H. Yasir, and L. Ilyas, “Hydrology,” Baath
University Press, Faculty of Civil Engineering,
Damascus, Syria, pp.9-5.1998. (Arabic)
[8] A. Jihad, “Hydrology,” Second Edition, Department of
Geography, Faculty of Arts, Publications University of
Damascus, Syria, pp.53-43.2001. (Arabic)
[9] J. S. Wallace, “Calculating Evaporation Resistance to
Factors Agricultural and Forest Meteorology,”
No.73.pp.353-366.1995.
[10] M. Mohammed, and S. Sameh, “Data analysis. Site
Management and Industrial Engineering,” 2009.
http://samehar.wordpress.com/2009/08/13/0120809/.
[11] Mathematics in Education and Industry (MEI),
“Spearman’s Rank Correlation,” Dec.2007.
http://www.mei.org.uk.
[12] F. Williams, “Reasoning with Statistics,” How to Read
Quantitative Research 4th ed. Fort Worth, Harcourt
Brace Jovanovich College Publishers, 1992.
[13] NOAA/ National Weather Service, (National Centers for
Environmental Prediction) 5830 University Research
Court College Park, MD 20740 NCEP Internet Services
Team, 2017.
http://www.ncep.noaa.gov/.
[14] Map of Iraq. “Iraq Map: Google map of Iraq Greenwich
Mean Time,” 2017.

Author Profile
Assist. Prof. Dr. Osama T. Al-Taai received
the
B.Sc., M.Sc. and Ph.D. degrees in Atmospheric
Sciences from university of Al-Mustansiriyah in 1999,
2001 and 2007, respectively. During 1999-2007, he
stayed in Atmospheric Sciences Department, College of Science,
University of Al-Mustansiriyah in Iraq to study Meteorology, Cloud
Physics, and Atmospheric Dynamics. He now Assistant Professor in
Atmospheric Sciences Department.
Safa H. Hadi received the B.S. degrees in Atmospheric
Sciences from university of Al-Mustansiriyah in 2011.
Study Climate change, Soil moisture, and Meteorology.
He now M.Sc. student in Atmospheric Sciences
Department, College of Science, University of AlMustansiriyah in Iraq.

Volume 6 Issue 9, September 2017
www.ijsr.net
Licensed Under Creative Commons Attribution CC BY
Paper ID: ART20176598

DOI: 10.21275/ART20176598

314

