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LEARNING

The paper presents the concept of an information system for forecasting the temperature regime of the Earth’s surface
using machine learning. Forecasting is based on historical data for a specific area. In order to increase the accuracy of forecasting
results, an analysis of the features of climate zones was carried out to identify patterns. A comparison of the dependence of the
average earth’s surface monthly temperatures in countries depending on their location in climate zones was carried out.

The analysis of sources and scientific publications confirmed the relevance of the chosen research topic. Historical aspects
of forecasting changes in climatic indicators are considered. Modern methods and approaches to temperature forecasting, their
advantages and disadvantages are analyzed. An overview of the subject area was conducted and the regularities of temperature
changes according to climate features were determined.

A comparison of temperature regimes for countries located in different climate zones was made. For clarity, graphs of
temperature changes were plotted and average indicators were calculated for each climate zone.

The results of the study confirm the need to adjust the temperature forecast for certain areas, taking into account their
location in a specific climate zone. The revealed regularities in the temperature regime of the countries indicate the need for an
individual approach to forecasting and the use of such machine learning methods that are best adapted to the dependencies
observed in the climate zone.

The architecture of the information system for forecasting future temperatures depending on the climatic features of the
studied territories is proposed. A concept has been formed for further research to find more accurate and effective approaches to
predicting climate parameters and achieving the goals of sustainable development.
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Omnsra [TIABJIOBA, Birauniit AJIEKCEMKO

XMenbHUIBKUI HalliOHAILHUIN YHIBEPCUTET

KOHIENIIA IHOOPMAIIMHOI CACTEMH JJIS1 IPOTHO3YBAHHSI
TEMIIEPATYPHOI'O PEXKUMY 3EMHOI IOBEPXHI HA OCHOBI MAIIIMHHOT' O
HABYAHHA

B po6oTi npescTaB/ieHo KOHUENLIO HPOPMALIVIHOI cucTemMu A1 IPOrHO3YBaHHS TEMIIEPATYPHOIO PEXUMY 3EMHOI
[10BEPXHI 3 BUKOPUCTAHHIM MALIMHHOMO HaBYaHHS. [porHo3yBaHHs 34IMCHIOETECS Ha OCHOBI [CTOPMYHUX AAHUX A1 MEBHOI
TEPUTOPI, NS MIABULYEHHS TOYHOCTI pPE3Y/IbTATIB [POrHO3YBAHHS 34WICHEHO aHasli3 OCOO/IMBOCTEN K/IIMATUYHUX 30H AJ1S
BUSIB/IEHHS 38KOHOMIPHOCTEH. [POBEAEHO NMOPIBHAHHS 33/IEXKHOCTEH CEPEAHIX MICIYHMUX TEMIIEPATYD 3EMHOI TOBEPXHI Y KpPAiHaX,
3a/1EXKHO BIf iX PO3TALLYBaHHS Y K/TIMaTUYHMX [105ICaXx.

AHasi3 KEPEs Ta HayKoBuX ry6siikaLivi migTBEDANB aKTyallbHICTb 0BPaHOI TEMATUKU AOC/IIIKEHHS. PO3I/ISHYTO ICTOPHYHI
acriekTv  rporHO3yBaHHS 3MiH K/IIMaTUYHUX [TOKG3HWKIB. [IpOaHas30BaHO CydYacHi MeTogn Ta [miaxoam A0 [PpOorHO3yBaHHs
TEMIIEPAaTypy, ix nepesary 1a HeZo/ikv. [IpoBEAEHO Orvisa NPEAMETHOI 06/1acTi Ta BUIHAYEHO 3aKOHOMIPHOCTI 3MIHU TEMIEPaTypU
BIAMOBIAHO [0 K/TIMATUYHUX OCOB/IMBOCTEM.

[IpoBEeAEHO MOPIBHAHHS TEMIEPATYPHUX PEXUMIB A/151 KPAiH, PO3TALLIOBAHUX Y PIHUX K/TIMATUYHUX 30HAaX. L1 HAOYHOCTI
106y40BaHO rpa@ikv 3MiH1 TEMIEPATYP Ta 06PaxoBaHO CEPELHI MOKAa3HNKU [/15 KOXKHOI K/IIMaTUYHOI 30HH.

Pe3ysibTati JOC/MKEHHS MIATBEDIKYIOTE HEOOXIAHICTL KOPUIYBaHHS TEMIEPATYPHOIO MPOrHO3y A/1s MeBHUX TEPUTODIY,
3 BpaxyBaHHAM iX pO3TalllyBaHHS Y KOHKDETHOMY K/TIMATUYHOMY [105ICI. BUSB/IEH] 3GKOHOMIPDHOCTI Yy TEMIIEPATYPHOMY PEXUMI KpaiH
CBIAYaTh PO HEOOXIAHICTL [HANBIAYAIbHOIO MIAX0AY A0 IPOrHO3yBaHHs Ta BUKOPUCTAHHS TaKUX METOLIB MALUMHHOIMO HaB4YaHHS, SKI
Havikpalye afanTyroTbCs 4O 3a/IEKHOCTEN, IO COCTEPIratoTsCs Y KIIMaTUYHIV 30HI.

3a8rIpOroHOBaHO apXITEKTYPY [HGOPMALIIVIHOI cnCTeMU A71S MPOrHO3yBaHHS MaubyTHIX TEMAEPATYP B 3alIEXHOCTI Big
KIIMATUYHUX OCOBIIMBOCTEN AOCTTIAXYBAHUX TEPUTOPIM, CHOPMOBAHO KOHLENLIHO A/ MOAATBLIMX JOC/IIKEHD 4718 MOUYKY BiflbLl
TOYHUX Ta €QPEKTUBHUX TIAXOLIB AO [POrHO3YBAHHS KIIMaTUYHNX IaPaMETPIB Ta JOCSIHEHHS Lified CTa/loro PO3BUTKY.

Kito4oBi crioBa: MalmHHE HaByaHHs (ML), rporHo3yBarHHs, TEMIIEPATYPHUN DEXUM, K/IIMaTUYHWA [105C, iH@OpMaLiiHa
CUCTEMA.

Introduction

People have been interested in predicting the weather since ancient times. Such interest was due to a
number of factors that depended on the quality of life of entire communities, in particular, the need to grow crops,
prepare their settlements for the cold or wet season, etc. Changes in weather conditions often became the cause of
famine, epidemics, droughts or floods. Therefore, the spread of pathogens of infectious and viral diseases depends,
among other things, on climatic factors. Epidemiological data suggest that the seasonality of many diseases is
influenced by the following factors:

— abnormal one-time weather events;

— long-term climate events;

— anthropogenic factors.
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Several researches provided the impact of climate on spreading plague [1], malaria, pediatric pneumonia
[2] and other infectious and viral diseases.

Climate change forecasting can greatly help reduce risks and prevent negative consequences.

The growing interest of scientists in forecasting numeric quantities is largely due to the rapid development
of artificial intelligence (Al). Modern technologies make it possible to predict various indicators with high accuracy,
in particular such climate parameters as air and earth surface temperature, humidity, sea level and others. These
values play an extremely important role, since many factors depend on them. Information about the future climate is
important for policymakers, planners, investors and vulnerable communities to prepare for expected changes [3].
One of the most relevant parameters in climate study is temperature of earth’s surface or land temperature.

Land surface temperature measures how hot the ground feels to the touch. Unlike air temperature, it
fluctuates more rapidly, as the land heats up and cools down faster than the air [4]. Understanding land temperature
patterns helps in creating accurate climate models. These models are crucial for predicting future climate scenarios,
assessing the impacts of climate change, and composing adaptation and mitigation strategies.

The topic of our research is determined to Sustainable Development Goals (SDGs) [5] provided in 2015 by
United Nations (UN). UN Member States identify the SDGs as a key concept for their development. SDG 13
identifies climate change as a real and undoubted threat to all human civilization [6].

Moreover, the impact of land temperature forecasts on the SDGs could be significant not only in the area of
climate change, but also in many other areas.

Thus, forecasting changes in the temperature of the earth’s surface influences agricultural productivity and
food security. Farmers rely on temperature forecasts to make decisions about planting, irrigation, and crop
management practices. Accurate predictions can help optimize agricultural yields, prevent crop failures due to heat
stress or frost, and ensure food availability for communities, thereby contributing to the goal of zero hunger (SDG
2).

Abnormal weather events such as extreme temperatures or sudden changes in temperature can pose serious
health risks, such as heatstroke, heat exhaustion, dehydration, cardiovascular disease, respiratory problems or
vector-borne diseases [1; 2]. They can also have an impact on mental health. Predicting land temperatures allows for
the implementation of public health measures, such as heatwave early warning systems and disease surveillance
programs. By mitigating health hazards associated with temperature extremes, accurate forecasts contribute to
promoting good health and well-being among populations (SDG 3).

Temperature changes affect water resources such as rivers, lakes, and groundwater. Predicting land
temperatures can assist in assessing water availability, managing water allocation, and predicting drought
conditions. This information is essential for ensuring access to clean and sustainable water sources, promoting water
conservation practices, and improving sanitation facilities, all of which are crucial for achieving SDG 6 targets.

Land temperature prediction can have economic implications, particularly for sectors sensitive to climate
variability such as agriculture, tourism, and energy. Reliable temperature forecasts enable businesses to plan
operations, manage risks, and invest in climate-resilient infrastructure. By supporting sustainable economic
activities and livelihood opportunities, accurate predictions contribute to the promotion of decent work and inclusive
economic growth (SDG 8).

Land temperature prediction directly impacts ecosystems and biodiversity. Temperature changes influence
habitat suitability for various species, migration patterns, and the timing of biological events such as flowering or
hibernation. Accurate temperature forecasts can inform conservation efforts, ecosystem management strategies, and
wildlife protection initiatives, contributing to the preservation of biodiversity and terrestrial ecosystems (SDG 15).

Domain analysis

The analysis of scientific publications [7-14] showed the existing problem in predicting temperature. There
are several methods used for temperature prediction, each with its own strengths, limitations, and applications. Some
common methods include: Statistical Methods, Numerical Weather Prediction (NWP), Ensemble Forecasting,
Analog Forecasting, Remote Sensing, Machine Learning (ML) and Artificial Intelligence (Al) etc. Quite often, the
mentioned methods are used in combination, since each of them has not only its advantages, but also certain
limitations. Thus it allows to provide more robust temperature predictions across different time scales and spatial
resolutions.

The idea of using numerical weather prediction (NWP) was first described in the pioneering work of
Norwegian physicist Vilhelm Bjerknes, who is called the father of modern meteorology. In 1904, Bjerknes proposed
in a paper that weather forecasting could be achieved by solving a set of nonlinear partial differential equations. The
first successful one-day nonlinear weather prediction was completed in April, 1950. This effort demanded
continuous attention from the modelers and, due to multiple ENIAC malfunctions, took more than 24 hours to
process. Nevertheless, this groundbreaking forecast demonstrated to the meteorological community that numerical
weather prediction was indeed possible [7].

NWP models solve a system of partial differential equations derived from physical laws to predict the
future state of the atmosphere. Although these models are used in work, they are computationally intensive. [8].
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Machine learning algorithms, such as neural networks, deep learning, and genetic algorithms, are
increasingly being used to predict temperatures. These algorithms can capture complex patterns in large datasets and
may outperform traditional statistical methods in certain cases. Nowadays, Al technologies are increasingly being
used to forecast weather.

Most studies are devoted to identifying temperature patterns over a limited area or with limited methods.
For example, analysis of climate change taking into account differences in data sources and disparate forecasts in
Mexico City [9] or using remote sensing data from Reykjavik (Iceland) to study and predict temperatures for 1987—
2030 [10]. The study of forecasting in specific territories is considered in article [11] using the example of long-term
forecasting of average monthly temperatures for different types of climate in Iran using the SARIMA, SVR and
SVR-FA models. Researches on the use of special technologies of artificial intelligence and machine learning to
create a climate change forecast is considered from the point of view of using an autoregressive model of long short-
term memory [12] and just neural network [13]. In addition, the relationships between temperature and other
quantities, such as CO,, CH4, N2O and others are considered [14]. These studies may allow the model to better
predict the parameters of a specific region, but their application is impossible for areas with different climate
conditions.

Analysis of climate zones patterns

Due to the tilt of the Earth’s axis, our planet is illuminated and heated unevenly. Different latitudes, from
the equator to the poles, account for different amounts of heat. The territories of the Earth, which differ in
temperature and humidity, the amount and frequency of precipitation, can be divided into conditional zones. These
zones are called climate zones.

Weather conditions that are observed in a certain area over a long period of time are called climate [15]. In
other words climate is a stable weather regime in a certain area, repeated from year to year. Climate zones are
regions with similar climate conditions. According to the concept of climate zoning, territories are divided into
zones that are similar in some respects, such as geographic latitude, altitude, weather conditions and their patterns,
predominant flora and fauna [16]. The division into zones is carried out on the basis of climate factors that
determine the similarities of certain territories. Thus, there are several climate classifications that are based on
different factors. In general, climate zoning makes it possible to classify territories according to certain
characteristics, which contributes to a better understanding of climate patterns and conducting research for different
regions of the Earth.

Although, there are several classifications of climate zones, as it was mentioned, but due to the context of
our research, it was decided to use the Koppen climate classification system [17] because it is one of the most
widely used climate classification systems globally. This system categorizes the world into five zones, primarily
based on temperature, which influences the growth of different types of vegetation. There are five main climate
Zones:

— tropical or equatorial zone (Zone A);

—arid or dry zone (Zone B);

—warm or mild temperate zone (Zone C);

— continental zone (Zone D);

— polar zone (Zone E).

In addition, based on the criteria of temperature and dryness, each zone is divided into subzones [18]. They
are indicated by letters. Table 1 presents a detailed description of the abbreviations.

Table 1
Description of climate zones abbreviation

1%t symbol 2" symbol 3" symbol

f — Rainforest
A — Tropical m — Monsoon

s — Savanna, dry summer

w — Savanna, dry winter

. W — Arid Desert h — Hot

B~ Arid S — Semi-Arid or steppe k- Cold

w — Dry winter a — Hot summer
C — Temperate f— No dry season b — Warm summer

s — Dry summer ¢ — Cold summer

W — Dry winter a— Hot summer

. b — Warm summer
D — Continental f— No dry season
¢ — Cold summer

s — Dry summer d — Very cold winter

E — Polar T —Tundra
F — Ice cap
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The different colors and shades on the K6ppen map are used to visualize climate zones. The main climate
zones represents with blue (Zone A), red (Zone B), green (Zone C), purple (Zone D) and gray (Zone E) colors.
Subgroups indicates by shades of the primary color of the group.

Figure 1 demonstrates world climate map due to The Koppen climate classification system. Maps [19]
developed on the basis of the publication [18] are shown for clarity.

Fig. 1. Képpen’s climate map [18; 19]

Based on the patterns observed in each of the climate zones, for better temperature forecasting, it is
proposed to conduct separate researches for different climate zones.

Hypothesis. It is advisable to predict temperature for different climatic zones using different methods
selected individually for each climatic zone.

In order to make sure of the regularities of the temperature regime, consider the temperature change in the
countries of one climate zone for the period from 2000 to 2010. By countries of the same climatic zone, we mean
countries whose entire or almost entire territory is located within the same climate zone. The country’s belonging to
the climate zone was established according to the World Climate Data [20]. For the research the dataset of the
Earth’s surface temperatures [21] have been used.

To consider the difference in temperature regimes of countries belonging to different climate zones, for
example, we compare temperature in countries of tropical climate zone and temperature in countries of other zones.

Figure 2 shows Koppen’s climate maps of countries of equatorial/tropical climate zone (Zone A). Nigeria is
situated in Western Africa. Its climate is tropical. Ghana also is situated in Western Africa and also has tropical
climate. Another country with tropical climate is Guyana. But, unlike Nigeria and Ghana, it is located on the
continent of South America, in its northeastern part.

2) R b)

Fig. 2. Koppen’s climate maps [18; 19] of countries of equatorial/tropical climate zone (Zone A): a) Ghana; b) Guyana c) Nigeria

Figures 3-5 shows temperature in Ghana, Guyana and Nigeria for the period from 2000 to 2010. Plots were
build using python on basis of dataset [21].
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Although each country’s temperature chart is unique, there are similarities in the patterns of temperature

changes. The results obtained confirm the correctness of the distribution of countries by climate zones. It should be
noted that countries in the same subgroup are more similar in altitude of the chart.

Figure 6 demonstrates graphs of temperature regimes for countries with different climate zones. The data of

the following countries were used: Ghana (Climate zone Aw), Guyana (Af), Nigeria (Af), Burkina Faso (BSh), Iraq
(BWh), Israel (BSh), Georgia (Cfa), Germany (Cfb), New Zealand (Cfb), Estonia (Dfb), Moldova (Dfb), South
Korea (Dwb), Greenland (EF), Iceland (ET), Svalbard And Jan Mayen (ET).
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Fig. 6. Temperature in different countries
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It is clearly seen that the graphs of countries that are located in the same climate zone have significant
similarities. Therefore, to predict future temperature changes, it is advisable to select a machine learning method for

each climate zone separately.

Figure 7 shows temperature patterns of each climate zone. Average temperatures from 2000 to 2010 of all
countries of the same climate zone were used for plotting. It is advisable to use this data to train the model.
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Fig. 7. Temperature in different climate zones

2008 4

2010 4

Average minimum and maximum values for the period from 1743 to 2013 for each climate zone presented

in Table 2.
Table 2
Statistical temperature data for each climate zone
Climate zone Average minimum (°C) Average maximum (°C) Average temperature (°C)
A 17,7 29,5 25,4
B 2,1 33,8 20,4
Cc 2,4 22,6 12,6
D -12,9 20,9 5,75
E -19,8 11,9 -3,8

The concept of an information system

It is advisable to develop an information system for temperature forecasting in the form of a web
application. Thus, access to the system via the Internet will be provided to any user through a browser. The data
entered by the user (e. g. country from the proposed list and year for which a forecast should be made) is transmitted

to the server.

After processing the received data, the system selects a model for forecasting and requests the necessary
information from the database. The obtained values of expected temperatures are displayed via the User Interface
(U1) in numerical and graphical representations. Figure 8 shows architecture of the information system.

User

Input data

Output data

Ul

Web Server
Y

A

DB >

Data processing

block

Al model

Fig. 8. Architecture of the information system
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Conclusions

In summary, land temperature prediction plays a crucial role in addressing various aspects of sustainable
development, from climate action and food security to water management, biodiversity conservation, economic
growth, and public health. By leveraging accurate forecasts, policymakers and stakeholders can make informed
decisions and implement targeted interventions to advance the SDGs and create a more sustainable future.

Based on a comparison of temperature graphs (Figure 6), it can be concluded that the temperature regimes
of countries located in the same climate zone are similar to each other. At the same time, the temperature regime of
countries from other climate zones differs significantly. Thus, we consider it expedient to conduct research to
determine the most suitable methods for temperature forecasting.

The concept of an information system has been proposed that will be able to carry out a more accurate
temperature forecast for a specific area by selecting the most profitable ML models based on the climate patterns of
different regions. Further researches in this area will help find more accurate and cheaper approaches to predicting
climate indicators, which will significantly contribute to the development of Al and ML, as well as achieving the
SDGs.
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