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ABSTRACT:

Throughout history, water has been the main factor to choose settlement for living beings and civilizations. Indeed, there are
many advantages of being closer to water basins such as needing fewer transportation, having wealthy crops, and saving energy
for water delivery. However, there are some disadvantages as well such as flooding, and erosions. Therefore, it has been
understood that predicting precipitation accurately to be able to take necessary measures before any hazardous events must be
an utmost aim. In this study, precipitation prediction is investigated by implementing several machine learning algorithms in
Python. The data used in this study is taken from two distinct cities in Turkey. The results show that the random forest regression
algorithm performs more accurately than other regression models used in this study. Additionally, the prediction for the next 4
years illustrates that it should be expected more rainfall and should be stored in either ground by directing the rainfall to the green
areas or harvesting the rainfall for dry seasons. While the climate change occurs dramatically and changes dry and wet seasons
duration, the prediction of precipitation amount will help us to adapt to the change more gently.
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Tarih boyunca su, canhlar ve uygarliklar igin yerlesim yeri segciminde en énemli etken olmustur. Gergekten de su havzalarina yakin
olmanin daha az ulasim ihtiyaci, zengin mahsul, su dagitiminda enerji tasarrufu gibi birgok avantaji oldugu agiktir. Ancak sel,
erozyon gibi dezavantajlari da géz éniinde bulundurulmasi gerektigi yasanan dogal felaketlerle tarih boyunca hissedilmistir. Bu
nedenle, insanoglu igin herhangi bir dogal afetten énce gerekli 6nlemlerin alinmasi igin yadislarin dogru tahmin edilmesi 6nemli bir
amag olmustur. Bu ¢alismada, Python'da makine 6grenmesi algoritmalari uygulanarak yagis tahmini incelenmistir. Bu ¢alismada
kullanilan veriler Tiirkiye'nin iki ilinden elde edilmistir. Sonuglar, Rassal Orman regresyon algoritmasinin bu ¢alismada kullanilan
diger regresyon modellerinden daha iyi performans gésterdigini géstermektedir. Ayrica gelecek 4 yilin 6ngériist, daha fazla yagis
beklenmesi ve yagdislarin yesil alanlara yénlendirilmesi ile toprakta depolanmasi veya kurak mevsimler igin hasat edilmesi
gerektigini gosterilmektedir. iklim dedisikligi dramatik bir sekilde meydana gelip kuru ve yadish mevsimlerin siiresini degistirirken,
yadis miktarinin tahmini, degisime daha yumusak bir sekilde uyum saglamamiza yardimci olacaktir.
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INTRODUCTION:

During the last half of the twentieth century, climate change problems have become the focus of researchers,
engineers, and scientists. The population growth, rising living standards, and industrial developments have been the
main reasons for climate change problems. The change of duration of wet and dry seasons is one of the most
remarkable effects that occur nowadays. While the duration of the seasons’ changes, society starts to struggle to face
either drought or flood due to the current planning of the cities. Therefore, accurate prediction of precipitation for
consecutive years is significant for us to adapt ourselves to climate change.

According to the 1st National Declaration of Climate Change (2007), Turkey is marked as a region with drought risk,
which will be caused by the increase in temperature values together with the irregular precipitation and intensity
values that are thought to continue decreasing. Many studies have been carried out on the distribution of
precipitation throughout the year and the trends of change between years. It has been proven by the studies that the
differences between the rainfall distribution regions have emerged and it has been revealed that it has undergone
great changes in time. Especially precipitation, one of the climatic elements, is one of the most important indicators of
change or difference in the climate of a region. For this reason, studies on precipitation have gained importance in
every period. In literature, analyzes were carried out according to daily, monthly, and annual rainfall data. (Turkes,
1996, 2007; Cicek, 2001a, 2001b).

Climate change is now a trending topic among various scientific branches. In the literature, it can be seen many
studies from different fields in climate change effects our understanding its diverse impact of it. Recently, Bayrak and
Kup (2021) studies green infrastructures and Bioretention soil for precipitation impurities. Gursoy — Haksevenler et al.
(2021) studied hazardous substances in water. Yucel (2022) stated that global climate change in recent years has
caused sudden rainfalls and changed the precipitation regime. O’Gorman (2015) wrote a report on precipitation
extremes under climate change and a detailed explanation is given. Using machine learning for the prediction of
complex tasks has become common in literature. When the task has many parameters and it is hard to find the trend
or the solution to the problem, statistical approaches play a role to give a hint to overcome the problem, at least
temporarily. Tosunoglu et al. (2021) used a machine learning algorithm to evaluate trend topics in academic research.
Furthermore, Saygin and Baykara (2021) used a machine learning algorithm to detect medical illness by using a
machine learning algorithm. Yalcinkaya and Uzer (2022) used GIS-based machine learning to plan waste management
for municipalities. Indeed, precipitation is also a complex task to forecast. That is why there are many studies for
predicting precipitation by using machine learning algorithms as well. Recently, Sachindra et al. (2018) used statistical
downscaling to construct a model by using machine learning techniques for precipitation. Ahmed et al. (2020) also
used machine learning algorithms to predict precipitation as well as temperature.

Nowadays, the authorities and governments through incentives focus on sustainable cities (Campisano et al., 2017).
Thus, the regulations of water infrastructures become a trend topic among the parliaments and the United Nations.
Rainwater harvesting is thought to be an alternative water resource that can be stored and used for variable utilities
such as irrigation, flushing toilets, and drinking (Helmreich and Horn, 2009). Spreading the rainwater harvesting
systems among the communities leads to increase in self-sufficient locations, which postpones needing for new water
infrastructure construction and energy consumption (Steffen et al.,2013; Morales-Pinzdn et al., 2014; Devkota et al.,
2015). The effective usage of rainwater harvesting, and water infrastructure significantly depends on optimized tank
capacity according to precipitation amount (Gardner and Vieritz, 2010; Domeénech and Sauri, 2011). To obtain this
optimized tank capacity, one should know the precipitation amount versus the demand of the community. In another
Word, it is a must to know precipitation to construct viable rainwater harvesting systems.

In this study, two different climatic regions’ precipitation data is utilized to perform in the five most popular
regression model algorithms in Python. 30 years of precipitation data of two cities are performed and the best model
is checked to obtain the best prediction of previous years’ rainfall. With the proposed model, the precipitation in the
coming years can be foreseen, measures can be taken and adopt the cities to the coming climate change impacts.
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METHODOLOGY:
1. Machine Learning in Python

Python is seen as a more advantageous and correct choice among other programming languages, including libraries
such as TensorFlow, Keras, Pytorch, and Scikit-learn in engineering and many scientific branches. Python is a dynamic
programming language that developers declare variable types, meanwhile it verifies types and errors at compile time
when source code is converted to machine code. This provides less code, faster development, and more flexibility.

Machine Learning is programmed through libraries in Python language to improve performance or reduce error
according to a criterion. Many approaches to machine learning have been studied using sample data or experience,
and most of these approaches can predict, classify, and reduce error. With this acquired ability, we can predict the
solution of that problem within a meaningful error by creating sample data or experience sets for complex tasks,

which is shown in Figure 1.
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Figure 1 Schematic Representation of Machine Learning Library in Python (Image Source:
http://www.cognub.com/index.php/cognitive-platform/)

In supervised learning, machine learning techniques are utilized to obtain regression analysis for predicting continuous
solutions based on single or multivariable inputs. For regression analysis, dependent and independent variables are
divided into linear and non-linear variables. Generally, linear models are used in studies and all parameters in this
model are simple, that is, first-order models. In this study, as regression methods are:

e Linear Regression

e  Polynomial Regression

)
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e Decision Tree Regression
e Random Forest Regression

e  Support Vector Regression

2. Dataset Preparation

The dataset used in the present study were gathered from Turkish Meteorology General Directorate (TMGD). The
dataset for two distinct cities is obtained. Namely, the precipitation dataset from 1970 to 2011 is obtained from TMGD
for Aydin Province. The other dataset is from 1990 to 2020 for Diyarbakir Province. Both datasets are divided into
subsets such as input(s) and output. It is preprocessed as to check how many years it needs to be known to predict the
best approximation with chosen machine learning algorithm. Therefore, the datasets are divided from 1 to 5 previous
years precipitation to train the machine. The table 1 illustrates the schematic representation of dataset for 3 previous
annual precipitation as an input to obtain current year’s precipitation amount.

Table 1 Sample lllustration of Three Consecutive Years as an Input to Train Machine Learning Algorithm

Input 1

Input 2

Input 3

Output

Precipitation amount in

Precipitation amount in

Precipitation amount in

Precipitation amount in

1990

1991

1992

1993

Precipitation amount in

Precipitation amount in

Precipitation amount in

Precipitation amount in

1991

1992

1993

1994

Precipitation amount in

Precipitation amount in

Precipitation amount in

Precipitation amount in

1992

1993

1994

1995

3. Precipitation Distribution in Study Areas

The variations of annual precipitation in Aydin, where the precipitation is the second highest in the Aegean Region, is
significantly high. Annual average rainfall for Aydin is 500 mm. However, the amount of precipitation reaches 1000
mm due to factors such as movement of pressure systems (atmospheric circulation), changes in the air masses and
facade systems affecting the region during the year, namely planetary factors, urbanization, change of topographic
structure. On the other hand, it drops below 300 mm as well. The reason may be that the hot fronts formed by the
maritime tropical air masses, which are effective over the Middle Mediterranean during the winter period, are
effective in the form of frontal-orographic precipitation depending on the orography.

A harsh continental climate prevails in Diyarbakir Province, particularly summers are very hot. On the other hand, the
winter cold is not as severe as in Eastern Anatolia. The main reason for this is that the Southeastern Taurus arc cuts
the cold winds from the North. According to the observations of the meteorology station in the city center, the
average of the hottest month is 31 degrees, and the average of the coldest month is 1.8 degrees. The highest
temperature ever measured was 46.2 degrees on July 21, 1937, and the lowest temperature was -24.2 degrees on
January 11, 1933. Only about 2 percent of the annual average precipitation amount of 496 millimeters falls during the
summer months. As it is gone towards the foothills of the mountains in the North, the precipitation increases.
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As observed from Figure 2, the variation of precipitation all over Turkiye shows great differences. Diyarbakir Province
faces severe variations of precipitation between 2021 and 2020. It is obvious to expect to have a deeper variation
while the climate change prevails its impact on Earth.
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Figure 2 Aeral Precipitation Comparison between 2020 and 2021 (Image Source: https://public.wmo.int/en/media/news-from-
members/june-2020-precipitation-assessment-turkey)

RESULT AND DISCUSSION:

As it is stated before, two distinct climatic regions are studied in this study. Also, these two provinces have different
annual average precipitation amount. Aydin Province is located in the West Region of Turkiye and average of 647 mm
annual rainfall is observed. On the other hand, Diyarbakir Province is in the Southeast of Turkiye and average of 496
mm annual rainfall is observed. Leading the climatic change, Diyarbakir Province has change from semi-arid to arid
region occasionally. Therefore, the importance and necessity of utilizing rainfall is obvious. The effectiveness of
utilizing the rainfall can lead to accurate prediction of rainfall.

In this study, Aydin and Diyarbakir Provinces’ annual rainfall amount is gathered and trained in machine learning
algorithm. The reason why two different climatic regions data was used in this study is to cross check the outcomes. In
the light of these data, regression models were implemented into the machine learning codes created in Python, and
the data from 1 to 5 years were analyzed one by one, respectively. Table 2 shows training data for Diyarbakir Province
for past 5 years’ precipitation amount as input and current year as an output. There may be variations between
models. For example, changing the degree of polynomial, changing the number of samples in the Random Forest
model. To obtain better results, all the variables are checked for limited numbers.
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Table 2 Training Data for Diyarbakir Province for 5 Years Input
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A B c D E F G
YEAR ANMNUAL PRECIPITATION {mm} ‘I'EA._R-I YEAF_!- 2 YEAR-3 YEAR-4 YEAR-5
1920 368.9 5E8.5 42B.5 5156.8 £77.1 4116
1991 569.6 428.5 516.8 577.1 411.6 £663.1
1992 428.5 S16.8 577.1 411.6 663.1 426.9
1593 516.8 577.1 4116 663.1 428.2 4127
1924 577.1 4116 663.1 426.9 4427 260.2
1995 411.6 663.1 426.9 4427 260.2 387.7
1996 663.1 426.9 442.7 260.2 387.7 605.3
1857 426.9 442.7 260.2 387.7 605.3 383.4
1558 442.7 2680.2 387.7 605.3 383.4 588.7
1599 260.2 387.7 605.3 383.4 588.7 476.5
2000 387.7 605.3 3183.4 598.7 478.5 408.2
2001 605.3 383.4 588.7 476.5 408.2 582.5
2002 383.4 588.7 476.5 408.2 582.5 387.1
2003 588.7 a476.5 408.2 592.5 387.1 2713
2004 476.5 40B.2 592.5 397.1 3713 456.7
2005 408.2 592.5 387.1 3713 456.7 398.9
2006 S92.5 397.1 3713 436.7 388.9 574
2007 387.1 371.2 456.7 388.9 574 625.7
2008 3713 4556.7 388.8 574 625.7 429
2009 455.7 358.9 574 625.7 423 484.5
2010 388.9 574 625.7 429 4845 472.3
2011 574 625.7 429 484.5 472.3 487.6
2012 625.7 429 484.5 472.3 497.8 302.6
2013 428 4B4.5 472.3 487.6 302.5 7E8.6
2014 4B4.5 472.3 487.6 302.6 765.6 726.4
2015 472.3 487.6 3026 768.6 716.4 417.6
2016 497.6 302.6 768.6 726.4 417.6 179.1
2017 302.6 768.6 726.4 417.6 179.1
2018 765.6 726.4 417.6 179.1
2019 726.4 a17.6 179.1
2020 417.6 175.1
2021 i78.1

For the performance criteria, both dataset is constructed and checked in terms of their coefficient of determination
(R?). Decision Tree algorithm is given the best R? value as it is seen in Figure 3. However, the maximum value of the
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coefficient of determination also indicates that developed model is not predicting but rather giving the result of the
memorized data. For this reason, random forest algorithm is seen as a better option to predict. The detailed
guantitative results for Aydin Province can be found in Ulker (2022). It was observed that the best solution was given
by random forest and with 5 years and the model is predicted next 5 years with 16% error margin. After cross
checking the algorithm, it is now possible to utilize the same algorithm for Diyarbakir Province to predict the
precipitation for the next several years. The Figure 4 shows the trend of the previous years and coming next year’s
precipitation prediction for Diyarbakir Province.
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Figure 3 Regression Model Performace Comparison for Diyarbakir Province
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Annual Precipitation for Diyarbakir Province
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Figure 4 Annual Precipitation for Diyarbakir Province

As we face the climate change and its impact shows destructive consequences in arid regions, Diyarbakir Province
should be taken into serious considerations. When it is observed in Figure 2, last year (2021) is the driest season. The
machine learning algorithm is compared to its performance by checking Mean Absolute Average Error. It is calculated
that the model is predicting the precipitation of that region within 16% error margin. The proposed model gives the
prediction of next four years from 2022 to 2025. It shows that the following year annual precipitation is again below
the average. However, rising above the average when it reaches to 2025. It is obvious that it is going to be seen great
deflection year by year. However, it can be predicted, and necessary measures can be taken while the technological
knowledge is becoming more and more advanced. With this information, the rainfall is directed and harvested with
respect to utilization and saved for driest years. Hence, the impact of climate change is less destructive for
civilizations.

CONCLUSION:

Planning and designing water resources which play a very important role for civilizations faces climate change.
Therefore, modeling studies are significant for the future generations to carry sufficient water resources. In this study,
annual precipitation amounts were forecasted by python machine learning.

The results show that the best machine learning algorithm used in this study are random forest regression. It shows
that the algorithm forecasts the annual precipitation of a location within a 16% error margin. With this knowledge,
Diyarbakir province which faces converting the arid region is analyzed. The result shows that the annual precipitation
of Diyarbakir is expected below the average again. But there is a rising trend next 4 years. It is important to divert and
harvest the rainfall during these years for coming next driest period since last years’ precipitation amount was very
scarce. With enhancing technology and software libraries, it is relatively easy to predict precipitation and use this
knowledge to take necessary measures, particularly for authorities and governments.
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