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ARTICLE INFO ABSTRACT

Keywords Climate change affects countries’ economies and households through a
variety of channels. Rising temperatures and changes in rainfall
patterns affect agricultural yields of both rain fed and irrigated crops,
and will change hydropower production, increased frequencies and
magnitudes of floods and droughts can significantly increase the need
for public investment in physical infrastructure. An investigation was
carried out to identify trends in temperature and precipitation time
series covering a period from (1970-2019) in the province of Basra
south of Irag, northwest of Arabian Gulf. The two variables were
considered for analysis on both monthly and annual basis. The
percentages of significant trends obtained for each parameter for 12
months and annually were presented. Temperature anomalies were
plotted, the relationship between annual mean temperature and
precipitation have been determined by Pearson’s Correlation
coefficients, and were statistically measured. It was observed that the
monthly and annually mean temperatures have increased, while
precipitation trends have decreased; moreover, there is a negative weak
relationship between temperature and precipitation, while a strong
negative relationship was observed between the monthly average for
the whole period of minimum and maximum temperature and rainfall
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1. Introduction

Climate change is driven by increases in greenhouse gases concentrations in the atmosphere due
to consequences of anthropogenic activities which led to an increase in the global temperature
[1]. The warming of our planet due to the emission of greenhouse gases is now unguestionable
[2]. Climate change affects countries’ economies and households through different channels [3].
Rising temperatures and changes in rainfall patterns have effects on agricultural yields of both
rain fed and irrigated crops [4]. The climate change phenomenon is caused by the increase of
greenhouse gasses in the earth’s atmosphere. Human activities were adding too much of these
gases to the atmosphere, result in the rise of temperature and reduction of rainfall along with
drought and devastating floods in many parts of the world [5]. The Arab region is already being
impacted by climate change [3] including Irag. Even small changes in mean annual rainfall can
impact on productivity, [6] and, indirectly, population densities, of large areas of the countries in
the region. Rainfall and temperature are very important parameters for both weather and climate,
they are essential for describing the climate and can have extensive-ranging effects on human life
and the environment. Extreme temperature leads to intense heat waves which can be dangerous
causing illnesses such as heat cramps and heat stroke, or even sometimes leads to death. Decline
or erratic rainfall [7] in precipitation affects the amount of water available for drinking,
agriculture, industry, hydropower production, increases frequencies and magnitudes of floods
and droughts which were evaluated using drought even [8].

There is a lot of literature studying the relationship between temperature and rainfall, Southern
Italy, Queensland in Australia, North-east Sokoto Rima River Basin in Nigeria, and Talomo-
Lipadas Watersheds in Davao City[12-9]. In this study, an investigation was carried out to
identify trends in temperature and precipitation time series of Hay Al-Hussien weather stations
covering a period (1970-2019) in the province of Basra south of Irag, northwest of the Arabian
Gulf.

2. Study Area

The province of Basra is located in the southern part of Irag on the longitude (047° 48 59 E) and
latitude (30° 30 03 N). It is bordered by the province of Maysan and DhiQar in the north,
Muthanna in the west, and the international borders with the Arabian Gulf in the south, Kuwait
in the southwest, and Iran in the east. It has an area of 19730-km? as shown in figure (1). The
summer's climate is long, sweltering, and arid, while winters are cool and dry. Over the course of
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the year, the temperature typically varies from 7.2 0C to 46.6 0C and in recent years above 50 °c.
Shatt al-Arab River passes through Basra, which is the principal source of surface water, it is a
195-km-long tidal river flowing south-eastwards, Iranian port of Abadan, subsequently the city

of Faw and from there, it discharges into the Arabian Gulf.
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Figure 1: study area

3. Data and methodology

3.1 Data and sources

Time-series data for monthly precipitation and temperature (mean, Max. and, Min.), from Hay
Al-Hussein weather station which is located on (30.28N- 47.47E) for the period of 50 years
(1970-2019) have been used. The data of this study was provided by the Iragi meteorological
Organization and Seismology.

3.2 Missing data correction

The problem of missing data can be solved by spatial interpolation, in which data from nearby
weather station can be used, or by temporal interpolation, in which data of the same time series
before and after the data gap is used[13], adopted a procedure to fill the gaps on monthly mean
temperature .

3.3 Test of homogeneity

Reliable data are free from artificial trends or changes[14], identification of the quality and

consistency of the data required a homogeneity test procedure. It is a significant aspect of data
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quality control. The most proposed methods are single and double mass curves [15]. In the
present study, single mass curve was used to test data homogeneity

3.4 Correlation coefficient (cc)

Pearson cc is used to measure statistical relationship between the two variables, a value of (-1 to

+1), where: -1 indicates a strong negative correlation and +1 a strong positive correlation

WNExiyi—XxaXy)
Jwet = @2 iz - @2

Where i = 1,2,34 ......... N element of the time series , X is precipitation elements and y is
temperature elements[16]

4. Results and discussion

The two variables were considered for analysis on monthly and annual basis. it is observed that
monthly and annual mean, max and min temperatures have increased, while precipitation trends
have decreased. Statistical methods were used to test the relationship between monthly mean
temperature and precipitation, monthly average for (mean, maximum and minimum) temperature
and precipitation for the period (1970-2019) have been determining by Pearson’s Correlation
coefficients, was computed and statistically measured using the IBM SPSS software.

4.1 Test of homogeneity

To correct the inconsistent data set in this study, a single mass curve method has been used to
test for the homogeneity of the data. Figures (2-5) represent example of 26 figures, which plot
annual cumulative for rainfall and for temperature against time, monthly cumulative for rainfall
and for temperature against time. All curves were almost straight lines showing that data are

homogeneous.
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Figure2: Single mass curve for annual rainfall in Basra (1970-2019)
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Figure3: Single mass curve for annual temperature in Basra (1970-2019)
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Figure4: Single mass curve for month of February rainfall in Basra (1970-2019)
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Figure5: Single mass curve for month of February temperature in Basra (1970-2019)

4.2 Monthly rainfall and temperature trends

Plotting seasonal monthly rainfall and temperature, started from October to May for the period
1970/1971 to 2018/2019, advantage of these graphs is that it provides visual assessment of the
trends (black arrow) and the fluctuation of the time series. Figure (6) from letter A to H
represents the months of October, November, December, January, February, March, April, and
May respectively. These months are the rainy season in the province of Basra which includes the
three seasons autumn, winter, and spring. In all figures, we note variation from year to year and
all data show peaks and valleys according to the increase or decrease in their amount. In
addition, all figures show rapid warming in the past few decades, and show that the last decade is
the warmest. The result indicates how strong the trend in rainfall and temperature is, and whether
it is increasing or decreasing. For baseline in Fig.6 from A to H, the light blue color indicates
curve season of monthly rainfall and red curve for season of monthly mean temperature, while
the black straight line represents linear trends. It is clear from these shapes that the linear trend
shows the magnitude of the rise in temperature and the fall in rainfall except the month of
November, (figure B), the linear trend increased. Figures 7 & 8 show the strength of steepness of
trend line for temperature and rainfall respectively, in Fig.7 the less one in the temperature trend
line slope is the month of November which is the highest rainfall in the period of study (Fig.8)
while highest steepness of trend line of temperature is month of October.

In summer (dry season), the climate of Basra is rainless and clear skies prevail , all months show
no trend during this season. In Fig.9, there is no rainfall but for the temperature the highest
month is August not just for the dry season but in the whole year, and lowest month during this
season is September, in addition the trend line for all months increase and the highest slop trend

line is August. Increases in temperature is expected to continue to cause changes in the
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hydrological cycle and affect water resource managers in different ways, including reduced
water supplies due to reduced runoff, increased evapotranspiration, and increased urban and

agricultural demand.
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Figure9: Seasonal dry months letters (A to D) represent months of June, July,August and
September respectively.

4.3 Annual temperature and rainfall anomaly

Figure 10 shows annual temperature anomaly for the period (1970 to 2019). In this graph, we
note the period 1970 to 2019 divided into two parts; the first part extends from 1970 to 1993
marked in red, have negative values, means that the temperature was lower than the average. The
second period from 1994 to 2019, the bars marked in light blue are all positive, which means that
the temperature is higher than the average and in the last years in the series there was high
temperature. The trend line in black color is growing higher than the average form year 1994 and
on. Figure 11 shows the annual rainfall anomaly, noticed that there is a fluctuation with an
increase and decrease from the average in the period. The values in the light blue color are
positive, meaning above the average, while the values in red are negative and are less than the

average. The trained line in black color is decreasing.
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Figure10: Annul temp anomaly for the period (1970-2019), for the baseline, the bars show the
anomalies of the years, and the black straight line indicates the long-term linear trends.
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Figurell: Anomaly of annual rainfall for the period (1970-2019), for the baseline, the bars show

the anomalies of the years, and the black straight line shows the long-term linear trends

4.4 Analysis of Seasonal Max., Min. and Mean temperature and precipitation

Figure 12 illustrates a consistent temporal pattern of rainfall compared to mean, max. and min.
temperatures, the shape of the change in the monthly average of mean, max. and min.
temperature with the monthly average of precipitation. We note that the months of rainy season
are eight months, starting with the October and ending in May, and the cooler months tend to be
associated with more rainfall and vice versa. The greatest precipitation is in January, which
corresponds to the lowest mean, min. and max. temperature during the rainy season, as it is
represented by the curve, the mean temperature is in green, the max. temperature is in red color

and the Min. temperature is in orange. In the remaining months (June, July, august, September)
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as seen in Fig.12 there are no rainfall and mean, min and max temperature in the peak, these
months of the dry summer season. This result is consistent with what was obtained by A.H.
Labban and M.J. Butt where the high temperature and the low amount of rainfall are responsible

for the strong heating as a result of the convection disturbance happen in the lower layer of the

atmosphere[17].
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Figure 12 Seasonal monthly average for rainfall and Mean, Max., Min. temperature for the
period 1970/1971 to 2018/2019, for baseline, bars indicate rainfall, red, purple and

green color curve are Max. Mean and Min. temperature respectively

4.5 Annual rainfall

Figure 13 shows the annual rainfall during the period of the study in descending order, a largest
amount in the year 1986 equal to 286.6 mm and the smaller amount 31.9 mm in the year 2010,
with intermediate value in other years. It is clear from this Fig., the rainfall in the province of

Basra seldom exceeds the largest amount 286.6.
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Figurel3: Annually rainfall as a descending order for period (1970 to 2019)

This is an indicator that rainfall in the city of Basra is scarce and therefor the agriculture in Basra

Governorate does not depend on rainfall.

4.6 Statistical analysis of the data

To identify the form and nature of the relationship between temperature and rain, we used the
Pearson parameter, using IBM SPSS Statistics 21 to know how strong it is. Table 1 shows that
the monthly seasons of rainfall and temperature have opposite change except for October and
November, and all values of correlation coefficient are weak with significant values larger than
alpha (0.05) , the strongest is month of April, with a value (-0.315) which indicates an opposite
weak relationship and the significant value 0.027 less than alpha 0.05. In addition all standard

deviation values for temperature are between (1.3087 and 1.7093) and for rainfall ranges from
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(7.8054 to 21.1705). In table 2, found a strong and opposite relationship between monthly
average rainfall and mean, max., and min. temperature with significant value less the alpha 0.01
According to that result, it is difficult to perform a simulation between temperature and rainfall

because of the interdependence between them.

Table 1: Correlation coefficient between monthly seasons of rainfall and temperature

Month Mean Stander deviation correlation significant
Temperature. 27.620 1.6749
October 0.026 0.861
Rainfall 5.420 13.0678
Temperature. 19.594 1.3087
November 0.018 0.9
Rainfall 16.880 20.1004
Temperature. 13.914 1.7055
December -0.199 0.17
Rainfall 26.600 20.6246
Temperature. 12.455 1.5252
January -0.216 0.135
Rainfall 29.264 21.1705
Temperature. 15.043 1.6636
February : -0.093 0.525
Rainfall 18.517 19.2344
Temperature. 19.704 1.5635
March -0.251 0.082
Rainfall 19.402 20.3124
] Temperature. 25.992 1.3615
April -0.315 0.027
Rainfall 11.935 17.5966
Temperature. 32.300 1.7093
May : -0.149 0.307
Rainfall 4.309 7.8054
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Table2: Correlation coefficient between monthly average rainfall and mean, max., and min.

temperature

Temperature ~ correlation = significant

Mean -0.980 00**
maximum -0.986 00**
minimum -0.976 00**

** Correlation is significant at the 0.01 level (2-tailed).

5. Conclusions

The study confirmed that climate change has a clear impact on increasing temperature and
decreasing rainfall in Basrah City. It became clear from the temperature anomaly, the study
period 1970-2019 was divided into two  stages, the first from 1970 to 1994 in which the annual
temperature is lower than the average while the second from 1995 to the year 2019 the annual
temperature is higher than the average. Also, we can say from this year (1995) that the
temperature has started to gradually increase from its average. There is a strong inverse
relationship between the rate of rainfall and temperature. Agriculture in the city of Basra cannot

depend on rainfall, because of its decrease and variation in its quantity from year to year.
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