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Abstract

This study analyzes long-term trends in temporal data from 1980 to 2020 in
Baghdad's city, spanning four decades, to assess the impacts of climate change on
the environment and ecosystems. The National Aeronautics and Space
Administration (NASA) provided us with data on wind, temperature, solar radiation,
atmospheric pressure, precipitation, and humidity. The study used statistical analysis
methods, such as trend analysis and ANOVA, to assess the differences between the
decades of time. Linear regression models were employed to conduct trend analysis
for each decade, assessing changes in climate parameters. Key findings indicated
that the P-values were high. The findings demonstrated no statistically significant
differences in the examined climate parameters during the decades. However, trend
analysis of average monthly data over the four decades indicated that local climates
have changed in recent years. The monthly analysis of six parameters indicated an
increase in wind speed, temperature, and pressure, whereas solar radiation, humidity,
and precipitation consistently decreased.
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1. Introduction

Climate changes, from changes in weather patterns to increased environmental
threats, are the biggest challenges facing the world these days [1]. Remote sensing plays
a prominent role in studying and monitoring these changes [2, 3]. Weather comprises
various types of climates, daily and seasonal, which fluctuate throughout the year, as
well as climatic conditions that persist over years or decades, which known as climate
change [4]. Climate refers to the long-term trend of weather patterns in a specific region.
It encompasses mean temperatures, precipitation, humidity, and wind velocity [5, 6].
Climate assessments cover the acquisition and evaluation of meteorological and climatic
data via observation stations or reanalyzed datasets, as well as the application of climate
models to project future variations and their impacts [7, 8]. Information on climate can
be assessed through reviewing past trends in relation to current weather trends, or by
employing mathematical equations and computerized simulations that consider various
factors, such as temperature, humidity, wind speed, and atmospheric pressure to generate
precise weather forecasts. Climate statistical analysis entails the collection, processing,
and interpretation of data from diverse sources to obtain insights into present and
prospective weather patterns [9, 10]. The tracking and evaluation of long-term changes
in the climate is essential for formulating strategies to adapt to and mitigate its adverse
impacts on the natural world and society [11, 12]. The effects of climate changes are
being felt across all continents, impacting agriculture, water supplies, and the
environment [13-16]. Trend analysis is crucial for understanding long-term climate
patterns, detecting changes, and predicting future conditions. It is crucial to detect
changes in climatic factors by monitoring gradual variations in climate variables
throughout time [13]. Trend analysis involves looking at trends in a phenomenon over a
defined timeframe, whether it be short-term in nature or over the long term [14, 15].
Analysis of Variance (ANOVA) is a form of statistics employed to investigate variations
between and within groups. It assists in ascertaining whether the disparities between
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groups are sufficiently substantial to be statistically significant or merely attributable to
chance [16, 17]. ANOVA is utilized in various domains, including health studies,
research in the agriculture industry, quality control, and climate purposes [18].

The present study relies on remote sensing climate data to look into and evaluate
climate trends and variations over a four-decade period for the city of Baghdad. This
study is of utmost importance for monitoring climate change and developing strategies
for adaptation and mitigation by decision-makers or those interested in climate science.

2. Data Collection and Study Area
The NASA power Data Access Viewer (DAV) offers a platform for retrieving

worldwide meteorological data, including temperature, wind speed, solar radiation, and
more variables. The site enables users to investigate and get data for various geographies
and temporal spans, which is very beneficial for climate research [19, 20]. Data
encompassing information from 1980 to 2020 was obtained and organized. The file
storage was in CSV format. The period from 1980 to 2020 was segmented into four
distinct periods (or decades): 1980-1990, 1990-2000, 2000-2010, and 2010-2020, with
the monthly averages for each year chosen for exploration.

The research region is located between latitudes 33.452°N and 33.184°N and
longitudes 44.189°E to 44.576°E in the Baghdad district, the capital of Irag. Figure 1
illustrates the research area.

" Baghasd City | Bacidad City

Figure 1: Study area.

3. Methodology

The study focused on analyzing historical or temporal data spanning from 1980 to
2020, segmented into four decades. The desired region and time range were selected on
the interactive map to download data from the NASA Power Data Access Viewer
[21,22]. The study defined the first decade as the period from 1980 to 1990, the second
decade as the period from 1990 to 2000, the third decade as the period from 2000 to
2010, and the fourth and final decade as the period from 2010 to 2020. The study focused
on various climatic factors associated with climate change, including wind speed,
temperature, solar radiation, relative humidity, atmospheric pressure, and rainfall.
Statistical analysis was employed through trend analysis and variance analysis ANOVA
to study the climatic elements. Excel was used to analyze the trend of data through the
built-in Trendline tool. Variance analysis was employed to show the differences between
the climate factors averages of the groups (the decades in this study) within the study
period.
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3.1. ANOVA Procedure

ANOVA consists of several essential steps: first, the null hypothesis, which suggests
that there is no difference between the groups, and the alternative hypothesis, which
suggests that at least one group exhibits a difference are tested. Subsequently, the group
means and the overall mean are computed and the sums of squares for between and
within the groups are calculated. The mean squares are calculated by dividing the sum
of squares by the corresponding degrees of freedom. The F-statistic is computed and
evaluated against the critical value to determine whether to reject or fail to reject the null
hypothesis.

1. Sum of Squares Between the Decades (SSs)

The disparities in averages among different demographics or decades were assessed.
The process involved squaring the difference between the mean and the overall mean of
each group, and multiplying the result by the number of observations in each group [23]

SSp Y1 (%, — %)? (1)

where Kk is the number of groups, n; is the size of group i, x7 is the mean of group i, and
x~is the overall mean.

2. Sum of Squares Within the Decade (SSw)
SSw demonstrates the differences that exist within each decade or group [23]:

SSw = Xica(; — DS (2)
where S;?refers to the variance of the i group.

3. Total Sum of Squares (SS)

It denotes the overall variation that is present in the data. It is the sum of the squares
within the decades (SSw) and that between the decades (SSg) [23]
SS;y =SSz + SSy (3)

4. Mean Square Between Groups (MSg)

It is calculated by dividing (SSg) by the related degrees of freedom. The statistic is
indicative of the average variation among the group means, which helps to assess whether
there are substantial disparities between the group means [23]

SS

where k is the degrees of freedom for the between groups (decades) variations, typically
the number of groups minus one (here 4 decades).

5. Mean Square Within Groups (MSw)
The measurement reflects the average variation present within each group [23]. The
equation for MSw is

MS,, =2 (5)

N—-K
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where N is the total number of observations.

6. F-Test Statistic

The F-statistic in ANOVA represents the ratio of the mean square between groups
(MSg) to the mean square within each group (MSw). This method is employed to assess
whether there are notable differences among the means of the groups. The equation for
the F-statistic is

MSg
= s (6)

7. P-Value

The p-value in ANOVA quantifies the likelihood that the differences observed
between the groups means is due to random variation. The derivation comes from the F-
statistic and is evaluated against a significance level (e.g. 0.05) to check whether to reject
the null hypothesis or not. The null hypothesis is rejected for a p-value below 0.05,
suggesting a notable difference between the groups involved. If the value exceeds 0.05,
the null hypothesis should be taken into consideration, indicating that there is no
significant difference observed. The p-value can be derived using an F-distribution table
or through statistical software, such as Excel, Statistical Package for the Social Sciences
(SPSS), or Python.
The p-value in ANOVA is calculated from the F-distribution using the Cumulative
Distribution Function (CDF) given by

P = P(F > Fobserved) =1- chf (Fobserved' de' de) (7)

where F observed 1S the computed F-statistic, Feqr (F, dig, dw) is the cumulative distribution
function (CDF) of the F-distribution, de=k—1 is the degrees of freedom for between-
group variance, and dw=N—k is the degrees of freedom for within the group variation.

4. Results and Discussions

4.1. Wind Speed

Wind speed trends, as shown in Fig. 2, may indicate fluctuations in atmospheric
circulation patterns, affected by evolving global and regional climatic conditions. The
overall rise during the first three decades may be linked to escalating temperature
gradients or altering pressure systems that influence wind velocities. Nonetheless, the
decrease observed in the last decade (2010 to 2020) may suggest a deterioration of these
driving forces or alterations in local land use, vegetation, or urbanization that affect wind
flow patterns; All patterns have the same trend. This reversal necessitates further
examination to ascertain its causes, which may impact wind energy potential and climate
variability research in the region.
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Figure 2: Trend analysis of wind speed during the four decades.

4.2. Temperature

Temperature trends indicated the warming during the four decades, as shown in
Fig. 3. The most significant rate of increase was noted in the second and third decades.
The minor deceleration in the fourth decade may suggest regional climatic fluctuations
or the impact of mitigation strategies. The ongoing increase in baseline temperatures
indicates that the long-term warming trend is continuing. This aligns with global climate
change observations, highlighting the necessity for additional research into the
fundamental causes and consequences on ecosystems, energy requirements, and human
health in the area.
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Figure 3: Trend analysis of temperature during the four decades.

39



Iragi Journal of Physics, 2025 Ali K. Resen

4.3. Solar radiation

Fig. 4 depicts the trend analysis plots for solar radiation during the four decades
of the time period (1980-2020) revealing a consistent downward trend in solar radiation
levels over time. Each decade shows a linear regression line with a negative slope,
indicating a gradual decrease in solar radiation. The slight decline trends over the decades
may be linked to rising atmospheric particulates, fluctuations in cloud cover, or global
dimming effects resulting from anthropogenic emissions. Nonetheless, the comparatively
stable indicate that the availability of solar energy has predominantly remained constant
over time. Additional analysis, encompassing regional aerosol concentrations, alterations
in cloud fraction, and global radiation patterns, is required to ascertain whether this trend
constitutes a broader climatic shift or is merely a manifestation of localized atmospheric
variability.
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Figure 4: Trend analysis of solar radiation during the four decades.

4.4. Atmospheric Pressure

Fig. 5 illustrates the trend analysis plots for atmospheric pressure during the four
decades of the time period (1980-2020). The pressure analysis plots exhibited a clear
seasonal pattern, diminishing from the start of the year, attaining a lowest point
approximately mid-year (June—July), and subsequently rising towards the end of the year.
Pressure typically decreased during warmer months and increased during cooler months.
This seasonal behavior is influenced by temperature-induced changes in atmospheric
circulation, which causes lower pressure in the summer and higher pressure in the winter.

This pattern remained consistent throughout all four decades, indicating a stable
seasonal pressure variation. Seasonal pressure fluctuations are likely influenced by
temperature-induced alterations in atmospheric circulation, exhibiting lower pressure in
warmer months and higher pressure in cooler months. The minor discrepancies in slopes
may be ascribed to alterations in atmospheric dynamics, possibly driven by climate
change, regional warming, or changes in wind patterns. The consistent intercept values
indicate that no significant long-term pressure fluctuations have transpired.
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Figure 5: Trend analysis of atmospheric pressure during the four decades.

4.5. Precipitation

Precipitation rates were declining steadily, as demonstrated in Fig. 6. The last two
decades demonstrated the most significant decrease. This indicates that precipitation has
diminished more swiftly in recent decades, which is potentially associated with the
impacts of climate change, including rising temperatures.
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Figure 6: Trend analysis of Precipitation during the four decades.

4.6. Humidity

The humidity trend analysis demonstrated a steady decrease in levels, as depicted
in Fig. 7. A reduction in humidity can result in significant consequences, including

41



Iragi Journal of Physics, 2025

increased evapotranspiration, reduced soil moisture, and heightened drought risks, all of
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which can negatively affect agriculture, water resources, and ecosystem stability.
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Figure 7: Trend analysis of humidity during the four decades.

Table 1 depicts the ANOVA analysis summary for the climate parameters. This
ANOVA table summarizes the statistical comparison of various climate parameters
(wind, temperature, solar radiation, atmospheric pressure, precipitation, and humidity)

during the four decades of the time period (1980-2010).

Table 1: ANOVA analysis results of various climate parameters

Parameters SS MS F-stat P-value
Between decades 0.006 0 0.003 0.99977
Wind
Within a decade 30.12 0.69
Temperature Be'gwgen decades 12.88 4.29 0.04 0.98957
Within a decade 4792.34 108.92
Solar Between decades 0.02 0.005 0 1
radiation Within a decade 446956 10158
Atmospheric | Between decades 0.01 0.004 0.007 0.99918
Pressure Within a decade 25.28 0.574
Precipitation BeFWt_aen decades 0.94 0.312 1.444 0.24288
Within a decade 9.52 0.22
. Between decades 19.07 6.36 0.02 0.99551
HUMIdity 1 \yithin a decade 129959 |  295.36

The results showed high p-values (> 0.05), indicating that there are no statistically
significant differences in the analyzed climate parameters throughout the decades. This
suggests that these parameters have remained relatively stable over time, at least within
the sampled dataset. For all parameters, the sum of squares between decades (SSg) is very
small compared to the sum of squares within decades (SSw), meaning that variations
within each decade are larger than variations across decades.
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Although the ANOVA results indicated no significant differences during the decades,
trend analysis for each average month in the four decades suggested that local climates
have experienced shifts in the past decades. The monthly analysis of the six parameters
indicated that wind speed increased by 1% in the second decade, 8% in the third decade,
and 4% in the fourth decade. The temperature rose at monthly rates, particularly during
the study period, with a notable increase of 1.7% from 2010 to 2020. Solar radiation
diminished by 0.0003% from 2000 to 2020, potentially attributed to pollution, as Baghdad
Is an urban area characterized by significant industrial activity and a high population
density. The pressure increased over the four decades, with the highest percentage
occurring between 2010 and 2020, reflecting a change rate of 5.3%. The distinguished
long-term increase in pressure that reflects changes in atmospheric dynamics, possibly
influenced by regional warming, shifts in circulation patterns, or the effects of climate
change. The humidity decreased during the study period, with change ratios from 2.6%
for the first decade to 0.5%, for the fourth decade.

5. Conclusions

This study studied climate transition processes during the period from 1980 to 2020
amidst changed climate conditions using remote sensing. The analysis showed that all p-
values were greater than 0.05, suggesting that there were no statistically significant
differences in the climate parameters studied over the decades. Although the ANOVA
results showed no significant differences among the decades, an analysis of trends in
average monthly data during the over four decades suggested that local climates have
experienced changes in recent years. Trend analysis proves to be more effective in
identifying gradual alterations in climate parameters, while ANOVA is more appropriate
for assessing significant changes between time intervals. Combining ANOVA with time
series trend analysis and remote sensing data analysis would provide a deeper
understanding of climate changes over decades.

Acknowledgements

The author would like to thank Wind Energy Department- Renewable Energy
Center at Scientific Research Commission for their support and providing the research
data and facilities.

Conflict of interest
Author declares that they have no conflict of interest.

References

1. H.Qiu, T. Li, and B. Zhang, Geogr. Res. Bull. 3, 231 (2024). DOI: 10.50908/grb.3.0_231.

2. J.Yang, P. Gong, R. Fu, M. Zhang, J. Chen, S. Liang, B. Xu, J. Shi, and R. Dickinson, Nature Clim.
Change 3, 1001 (2013). DOI: 10.1038/nclimate1908.

3. A. A Mohammed, A. K. Resen, and A. A. Mohammed, Iragi J. Sci. 60, 2512 (2019).
DOI: 10.24996/ijs.2019.60.11.24.

4. L. M. Miller and D. W. Keith, Joule 2, 2618 (2018). DOI: 10.1016/j.joule.2018.09.009.

5. C. Nolan, J. T. Overpeck, J. R. Allen, P. M. Anderson, J. L. Betancourt, H. A. Binney, and S. T.
Jackson, Science 361, 920 (2018). DOI: 10.1126/science. aan5360.

6. M. G. Turner, W. J. Calder, G. S. Cumming, T. P. Hughes, A. Jentsch, S. L. LaDeau, and S. R.
Carpenter, Philos. Trans. R. Soc. B 375, 20190105 (2020). DOI: 10.1098/rsth.2019.0105.

7. F. 1. Pugnaire, J. A. Morillo, J. Pefiuelas, P. B. Reich, R. D. Bardgett, A. Gaxiola, and W. H. Van Der
Putten, Sci. Adv. 5, 1834 (2019). DOI: 10.1126/sciadv. aaz1834.

8. J. K.Jansson and K. S. Hofmockel, Nat. Rev. Microbiol. 18, 35 (2020). DOI: 10.1038/s41579-019-
0265-7.

9. M. Mudelsee, Earth Sci. Rev. 190, 310 (2019). DOI: 10.1016/j.earscirev.2018.12.005.

43



Iragi Journal of Physics, 2025 Ali K. Resen

10. M. R. Mansouri Daneshvar, M. Ebrahimi, and H. Nejadsoleymani, Environ. Syst. Res. 8, 1 (2019).
DOI: 10.1186/s40068-019-0135-3.

11. K. U. Jaseena and B. C. Kovoor, J. King Saud Univ. Comput. Inf. Sci. 34, 3393 (2022).
DOI: 10.1016/j.jksuci.2020.09.0009.

12. A. Moreno-Martinez, G. Camps-Valls, J. Kattge, N. Robinson, M. Reichstein, P. van Bodegom, and
S. W. Running, Remote Sens. Environ. 218, 69 (2018). DOI: 10.1016/j.rse.2018.09.006.

13. A. O. Abe, Q. A. Adeniji, J. A. Rabiu, O. Adegboyega, I. O. Raheem, M. G. Rasaki, S. M. Sada, and
L. Fidelis, Iraqgi J. Phys. 20, 64 (2022). DOI: 10.30723/ijp.v20i2.989.

14. M. Goci¢ and S. Trajkovic, Global Planet. Change 100, 172  (2013).
DOI: 10.1016/j.gloplacha.2012.10.014.

15. X. Tian, J. Dong, S. Jin, H. He, H. Yin, and X. Chen, Agric. Water Manag. 281, 108239 (2023).
DOI: 10.1016/j.agwat.2023.108239.

16. P. Hosseini and R. T. Bailey, Sci. Total Environ. 955, 176973 (2024).
DOI: 10.1016/j.scitotenv.2024.176973.

17. Z. Sen, J. Hydrol. Eng. 17, 1042 (2012). DOI: 10.1061/(ASCE)HE.1943-5584.0000556.

18. L. C. Gurrin, J. J. Kurinczuk, and P. R. Burton, J. Eval. Clin. Pract. 6, 193 (2000).
DOI: 10.1046/j.1365-2753.2000.00216.x.

19. P. Stoker, G. Tian, and J. Y. Kim, Basic Quantitative Research Methods for Urban Planners
(Routledge, 2020). DOI: 10.4324/9780429325021-11.

20. C. Acal, A. M. Aguilera, A. Sarra, A. Evangelista, T. Di Battista, and S. Palermi, Stochastic Environ.
Res. Risk Assess. 36, 1083 (2022). DOI: 10.1007/s00477-021-02071-4.

21. NASA  Langley Research  Center, "NASA POWER Data  Access Viewer"
https://power.larc.nasa.gov/data-access-viewer/.

22. NASA POWER, Understanding and Obtaining NASA Data Products Through POWER, "National
Aeronautics and Space Administration™ https://appliedsciences.nasa.gov/sites/

23. J. Geleti¢, M. Lehnert, S. Savi¢, and D. MiloSevi¢, Sci. Total Environ. 624, 385 (2018).
DOI: 10.1016/j.scitotenv.2017.12.076.

eyl slad¥) Jalad aladiuly Ay 8 Laliall aghall sy (o i) o alldl) 4yl
(ANOVA) okl Juial g

Iy plilS Ao

Gl eolaty esonniall ClBLLY o sliall g Lindd) Lis o) 4iST 9 gy JS 0 (‘qulr_// Cinalf Lua!

dadal)

;,&@Jidﬂm@n};\mhuzozop‘;\ 1980 ale (1o 5yl dgia H Clilall (gaall ALy gla JaLai¥) Zul Hall 038 Jlas

(el gLl 98 ) jall Aa ja 5 2Ll et g (Luli AS 5 (e ULl e J guanll o3 M\?LJ\}M\‘;:CL\A\JMJL:\#J

ANOVAUJL\.J\JALAJLMY\JJ&JJ@Mc@LAAY\M\ dJLr‘"M\?" MJLJ\jJLLAy‘d)LA}djﬂ\MU

Flall plaa (8l pail) andi g cdie JST L) Julad o aY (adll jlasi¥l & dlad aladiul &5 Ayia u\uﬂ\um_‘u}u\?m&

L;cM}JJ,J\CL\A\)uw@ubm\dyaubd})ahyym\@u\ Ciaiag A_\ﬂ.;:;u\SPe.\suMQ\w)l\C_de\c_uLu\

@u\)ﬂmmmgw\dg\;}mwj\csué;m)@muumyuzuy\@w‘Jaej gl (saa

) glalY1 o s M\)DJ\)AJ‘AAJJ}CLI‘)MQD‘)»\&{:JLIJL;‘).\JL’.QM&M\M\JL&‘ syl gl
J\)ML'UL‘EL\JJJU:AY\J)LA}MJLJU

(ANOVA) call) Jalad ecatalasy) Jalss ctl.'m]\ Ol e i) Asalidal) clalst)

44


https://power.larc.nasa.gov/data-access-viewer/

