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Abstract

Plans to decrease the effects of drought and flooding in many watersheds is hindered by the absence of poorly extensive networks of rainfall-
measuring ground meteorological stations. This results in a paucity of rainfall data, which form the principal inputs in many hydrological
models. Satellite rainfall data is, therefore, used as a good substitute in such scenarios. In this research, the validity of two types of satellite
data viz., the Tropical Rainfall Measuring Mission (TRMM) product 3B43 and NASA Prediction of Worldwide Energy Resource
(POWER)) are verified, using the ground monitoring stations. These data are essential for the simulation models of the Al-Adhaim
watershed, the main tributary of the Tigris River, located in northern Iraq. Visual interpretation, simple statistics [coefficient of
determination (R?) and the slope of linear regression, as well as the correlation coefficient (R)] were used to compare the time series. Very
good results were seen from this comparison in both cases, which indicated that satellite rainfall data could be used as the input for the

hydrological models.
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Introduction

It is wise to get a clear understanding of precipitation
behavior because of the growing demand for water resources
for industry, agriculture and power generation. Rainfall needs
to be estimated to assess and manage the water resources for
environmental and human consumption Aylon et al. (2010)
and Tobin et al. (2010). Every year, floods and droughts
cause significant loss to human life and other extensive
damage. Hydrological models to study climate change and
water resource management require rainfall data throughout
the year. Many areas lack sufficient ground monitoring
stations Ballari et al. (2016), Ragab er al. (2002), Kim et
al.(2008) and Collick et al. (2009). Besides, rain gauges are
subject to different methodological and random errors, wind,
drifting of snow, evaporation of containers and other factors
Mekonnen et al. (2009). The enormity of these errors ranges
from (2-50%, 2-10%, 0-4%, 1-2%, and 10-50%), respectively
Melesse et al. (2010) and NeSpor et al. (1999). Random
errors are the other type, which represent instrumental and
observational errors. Both types of errors result in a
difference of up to 30% between the actual and measured
precipitation Rubel and Hantel (1999).

Therefore, at present, satellite products act as important
tools in providing the information necessary for the
hydrological models in cases where rain measuring
instruments are unavailable or recorded data are lacking
Cheema et al. (2012), World, (1983), and Creutin, et al.
(2003). Some hydrologists used satellite data as the inputs for
the hydrological models Hughes (2006) and Kidd, et al
(2010), while others used the data to fill up the paucity in the
data with different statistical methods Dile et al. (2014), and
Tesemma et al. (2010).

The Tropical Rainfall Measuring Mission "TRMM" is a
combined assignment of the National Space Development
Agency (NASDA) of Japan and the National Aeronautics
Space Administration (NASA) of the United States, and was
designed to measure energy and precipitation Uhlenbrook et

al. (2010), Betrie et al. (2011) and Kummerow et al., (1989).
Many studies prefer to use the TRMM 3b43 product because
it collects rainfall estimates from multiple satellites, as well
as controls the rain measurements Tobin et al. (2010).
Additionally, it has a spatial precision of 0.25° x 0.25°, while
the temporal precision is monthly.

In order to support renewable energy, NASA's
Prediction of Worldwide Energy Resource (POWER) is
working on improving the data sets from Earth Sciences and
Climate Research Ebert er al. (2007). The NASA data
collection includes daily precipitation, incident solar
radiation, Tmax, Tmin, wind speed, relative humidity (RH),
and dew point temperature data for each 1o x 1o network
(about 111 km2 at the equator) of the total globe,
Collischonn et al. (2008).

This study aimed at validating the satellite rainfall data
by comparing them with the data observed for use as inputs
to the time-step in several rainfall-runoff simulation models.

Many prior studies included a comparison of the rainfall
measurement stations with satellite data to validate the
satellite data for use in several meteorological research
studies in different countries, as well as in many simulation
models and a range of water-related applications, such as
Chokngamwong et al. (2005) Which observed a correlation
of 0.85 between the values of measurement stations and
satellites, while Villarini and Krajewski (2007). In
Oklahoma, found a correlation between satellite data values
and rainfall measurement stations. Dinku et al. (2007) by
comparing the satellite data with the values of the measuring
stations, observed root mean square error and Nash Sutcliffe
efficiency of 25% and 0.81, respectively. Almazroui (2011)
explained, by using a comparison between the TRMM
precipitation data and rainfall stations, that a high correlation
(R =0.91) was obvious, for the 1998 to 2009 period, in Saudi
Arabia.
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Study Area and Data Collection
1.1 Background

Al-Adhaim basin is situated on the northeastern
boundary of Iraq nearby the Iranian border. Between 35° 43'
20" to 35° 8' 28" N and 44° 42' 19" to 45° 31' 20" E. The total
basin area is 11908 km? (see Figure.l), which lies totally
inside Iraqi borders. The river of Adhaim is a major the
Tigris river tributary, and Al-Adhaim Dam was built on AL-
Adhaim River 19 years before. To distinguish the type of
climate is dry, semi-dry or humid, the average annual rainfall
was found for the study area depending on the effective rain-
gauge station data and the result was 610 mm, which makes
the area fall under the semi-dry classification, according to
Almazroui M (2011).
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Fig. 1 : Location of AL-Adhaim watershed.
1.2 Rain gauge station data

Data on the monthly rainfall were collected from the
Iraqi Meteorological Organization and Seismology (IMOS),
from 1991 to 2002, for the stations present in the basin
(shown in Table 1).

Table 1 : Lists the rain gauge stations, latitudes and
longitude.

No. Station names Latitude Longitude

1 Tuz 34.88 44.65

2 Kirkuk 35.46 44.4

3 Adhaim 34.55 44.50

4 Hawija 35.31 43.78

5 Chamchamal 35.51 44.83

Comparison between satellite rainfall data and dain gauge stations in the Al-adhaim watershed, Iraq

1.3 Satellite data

The Prediction of Worldwide Energy Resource
(POWER) from the National Aeronautics and Space
Administration was the first source for the satellite data
collection in this study from the site
(http://power.larc.nasa.gov/), as it is available to the public
Van Wart et al. (2015).

The TRMM or Tropical Rainfall Measuring Mission
(product 3B43 v7) is the second source used to collect
satellite  data, which is available online from
(https://giovanni.gsfc.nasa.gov/giovanni/), where the spatial
precision is 0.25° x 0.25°, and its temporal precision is done
every month Raghunath (2006).

Materials and Methods

In this study, two types of satellite data were evaluated
for their use as inputs for the hydrological models, the
Prediction of Worldwide Energy Resource (NASA-POWER)
and TRMM product 3B43 v7. The best approach to evaluate
the satellite rainfall data may be to make comparisons
between the rain gauge stations and satellite data (based on
the availability of the monthly data for the rainfall
measurement stations). The first type of satellite data, NASA,
was compared with the rainfall measurement stations. The
second type of satellite data is the average monthly
precipitation (TRMM product 3B43 v7), which is the
combination of the (TMI) TRMM Microwave Imager and
(PR) TRMM Precipitation. This was also compared with the
observed average rainfall data. To estimate the strength of the
relationship, these comparisons were based on the visual
Interpretations and simple statistics (R, R? and slope).

Results and Discussion

1. Comparison of the rainfall data (NASA with the
rainfall stations measured).

The results show a slight difference in the relationship
between the monthly precipitation data for NASA and the
observed data, as shown in Figure 1, for the Tuz station the
coordinates of which are shown in Table 1, with the
correlation coefficient value for the period (1991-2002) equal
to 0.916.

Figure 2 shows the linear relationship between the
NASA rainfall data and that of the station measured, where
the results indicate a good concurrence between the two data
sources according to Van Wart et al (2015), the strong
correlation occurs when the value R is greater than 0.7
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Fig. 1 : Comparison of the rainfall data for the Al-Tuz station
for the time period, 1991-2002.
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Fig. 2 : Scatter plot of rainfall data from NASA and the rain-
gauge station.

For the Al-Adhaim station, good results were achieved on

comparison with the satellite data (NASA), as shown in

Figures (3, 4) where the coefficient of correlation is R = 0.93.
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Fig. 3 : Comparison of the satellite rainfall data with that of
the rain gauge (mm/month) observed.
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Fig. 4 : Scatter plot of rainfall data from NASA and that of
the rain-gauge station.

The linear relationship value is also high when the rainfall
data of the Kirkuk station was compared with the NASA data
as show in Figure.5 and Figure. 6. where the coefficient of
correlation is about (R =0.92). This result indicate a good
relationship.

Fig. 5 : Comparison of the monthly rainfall records station
and NASA

Gauge Data (mm)

Fig. 6 : Scatter plot of the rainfall data from NASA and the
rainfall records station.

2. Comparison of the TRMM with the rain gauge stations
measured.

Figure 7 Shows the results of the comparison between the
average monthly precipitation of the TRMM data and the
average rainfall for the stations observed, where the
correlation coefficient value is good (R = 0.91).

Using the Thiessen Polygon method, the average monthly
precipitation of the ground stations was extracted.

Figure 8 Shows the scatter plot, in which the linear
relationship between the TRMM and rainfall data observed
(rain-gauge station) is seen. The statistical regression was
given by this equation (y=c+mx) where c represents the
constant and m mean the slope.
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Fig. 7 : Comparison between the average monthly rainfall
obtained from the rain-gauge stations and TRMM data.
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Fig. 8. Comparison of the monthly rainfall records station
and NASA.
Conclusion
Several regions, unfortunately, lack ground

meteorological stations, besides a shortage of recorded
data. Therefore, the satellite rainfall data were verified by
comparing them with data of the ground stations in this
study, for use as inputs in the simulation hydrological
models in the future. Satellite data (NASA) were
compared with the observed data for the three stations
available in the Al-Adhaim Basin for the period 1991-
2005, and then a comparison was made of the TRMM data
with the ground stations, for the period 1998-2009. The
statistical analysis was performed using functions (R? -
slope - r) in order to determine the strength of the
relationship between these comparisons. The results
obtained when using the TRMM data are (R = 0.91, R? =
0.82 and the slope = 1.195) which were very good; the
data from NASA also achieved good results. Based on
this, satellite data may be used to simulate several
different hydrological processes.
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