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ABSTRACT

GRIDDED DISTRIBUTION OF DAILY NON-UNIFORM
METEOROLOGICAL STATION DATA OF TURKEY

The climate modeling is a complex area to work on. It is not easy to represent the
atmospheric events in a model, because there are a lot of drivers and variables which af-
fects the local and global climate. Even if, somehow, some meteorological phenomenon
can be fully represented mathematically, it is even harder to do the calculation through
a computer or a super computer with the current technological developments. So, some
assumptions, optimizations and simplifications must be done to work on climate. This
study will examine the climate measurement station data distributed in Turkey. The
randomly distributed real station data all around Turkey gathered from the Turkish
State Meteorological Service database. Our goal is to obtain uniformly distributed grid
data for temperature and precipitation. We have used interpolation, one of the most
ancient and common computational method with a scale that allows us to create a
high-resolution temperature and precipitation map of Turkey. With the help of MAT-
LAB build-in tools and functions, the scattered station data turned into a uniformly
gridded data. The station data was very hard to work on, since the data begins from
1960. Meanwhile, the meteorology stations moved, closed, opened which caused a lot
of incomplete and disconnected data. So, some normalization must be done, and the
data become suitable for interpolation. To do the interpolation calculation, we used
the MATLAB build-in function, scatteredInterpolant. It allowed us to calculate the
scattered data into a gridded data. Once the interpolation completed, another MAT-
LAB toolbox used to project the results on a regional map. The mapping toolbox is
very powerful in printing the results on a map, in this case on Turkey regional map.
Finally, we have managed to obtain Turkey temperature and precipitation station data

map between 1960-2016 in daily basis.



OZET

TURKIYE DUZENSIZ METEOROLOJI ISTASYON
VERISININ DUZENLI GRID HALINDE DAGITILMASI

Iklim ve iklim modelleme fizerinde ¢calismast giic bir alandir. Iklim, atmosferik
olaylar sonucu olugur ve bu atmosferik olaylar son derece kompleks ve i¢inde bir stirii
degisken barindirir. Bu nedenle iklimi meydana getiren olaylar1 matematiksel olarak
modellemek zordur. Buna ek olarak bir gsekilde tamamen bu olaylari modelleyebilirsek
bile, bu modeli g¢aligtirabilecek bir siiper bilgisayar giiniimiiz teknolojisinde bulmak
oldukca zordur. Bu neden iklim olaylar1 ve iklim verileri lizerinde bazi1 diizeltmeler,
kabuller ve optimizasyonlar yapmak gerekmektedir. Bu ¢alismada Tarim ve Orman
Bakanligi Meteoroloji Genel Midiirliigii vertabanindan alinana rasgele dagilmig ista-
syon verileri kullanilmigtir. Caligmanin sonucundaki amacimiz, Tiirkiye i¢in, bu rast-
gele veriden diizgiin dagilmig bir sicaklik ve yagig haritasi elde etmetir. Bu haritay:
elde etmek icin tarihteki en eski hesaplama yontemlerinden biri olan interpolasyon
yontemini kullandik. MATLAB programinin hazir fonksiyonlar: ve paketleri yardimiyla
elimizdeki karmasik daginik data tizerinde interpolasyon hesaplamalar: yaptik ve sonug
diizgiin dagilmig 1zgara seklinde, yiiksek coztintrliikli bir Tiirkiye sicaklik ve yagig har-
itas elde ettik. Istasyon datalar1 1960’tan itibaren giinlitk sekilde tutulmug verilerdi.
Buna ek olarak baz istasyonlar kapanmig, tasinmig ya da sonradan veritabanina ek-
lenmigti. Bitiin bu zorluklar1 gidermek icin caligmanin baginda bazi normalizasyon
teknikleri kullandik. Bu iglemin sonunda verilerimiz interpolasyon i¢in uygun yapiya
geldiler. Hesaplamalardan sonra elde ettigimiz verileri Tiirkiye haritasi tizerine bas-
mak i¢in yine MATLAB programinin gémiilii haritalama fonksiyonlarindan yararlandik
ve sonugta 1960-2016 arasi glinliik istasyon verilerinin Tirkiye haritasini elde etmeyi

bagardik.
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1. INTRODUCTION

1.1. Atmosphere

Climate is the most vital element on Earth that makes life, as we know it, pos-
sible. Without a suitable climate and atmosphere, Earth will be just another regular
planet on a solar system which is monitored from outer space. Our solar system has
two major types of planets and all of them have atmospheres: terrestrial planets like
Mercury, Venus, Earth, Mars and gas giants like Jupiter, Saturn, Uranus, Neptune.
Despite containing most of the same elements, these atmospheres are very different
from Earth’s. A celestial body’s atmosphere, a planet or moon, must contain specific
chemicals to support life as we know it. These chemicals include hydrogen, oxygen,
nitrogen, and carbon. Our atmosphere has 78% nitrogen, 21% oxygen, 0.9% argon and
0.04% of carbon dioxide a long with remaining 0.06% of trace gases like neon, ozone,

helium, methane [8].

The atmospheres of the terrestrial planets are similar to Earth’s. The closest
planet to Sun, Mercury, has an atmosphere dominated by hydrogen, helium, and oxygen
with only a thin layer exosphere. Its closeness to Sun makes it spin very slowly and
because of its thin atmosphere the day and night temperature varies in between -173
to 427 degrees Celsius. The second planet, Venus has a very thick atmosphere, even
much thicker than Earth’s, preventing a clear view of the planet. Its thick atmosphere
allows him to trap heat by the Greenhouse Effect and makes it dominated by carbon
dioxide, which features swirling clouds of sulfuric acid. Even though Venus is not
the closest planet to our Sun, it is the hottest planet in our Solar System with 465
degrees Celsius. The atmosphere on Mars is also dominated by carbon dioxide, but
unlike Venus, it is quite thin. The temperature varies from -125 degrees Celsius up
to 20 degrees Celsius. Gas giant planets are composed of gases. Their atmospheres
are consisting of radically hydrogen and helium. The blue bright color is caused by
the presence of methane in the atmospheres of Uranus and Neptune. In the lower

atmospheres of Jupiter and Saturn, clouds of water, ammonia, and hydrogen sulphide



form clear bands. Fast winds separate light-colored bands, called zones, from dark-
colored bands, called belts. Other weather phenomena, such as cyclones and lightning,
create patterns in the zones and belts. Jupiter’'s Great Red Spot is a centuries-old
cyclone that is the largest storm in the solar system. Most celestial bodies, including
all the asteroids in the asteroid belt and our own moon, do not have atmospheres,
but it is possible for some moons of other planets to develop their own atmospheres.
The most famous of all is Saturn’s largest moon, Titan, which has a thick atmosphere
made mostly of nitrogen and methane. The way sunlight breaks up methane in Titan’s
ionosphere gives him the orange color. Although Venus, Mars, and Titan have similar
atmospheric gases, there isn’t any planet or moon in the solar system besides Earth
that could support life. Venus’ atmosphere is far too thick, Mars’ far too thin, and
Titan’s far too cold. But the way a celestial body’s atmosphere is structured and what
it’s made of allow astrobiologists to speculate what kind of life the planet or moon may

be able to support. Atmospheres, then, are important markers in space exploration [9].

The lack of an atmosphere could have turned Earth into a lifeless celestial body
like the Moon, which did not experience weather because has no atmosphere. The
atmosphere protects and sustains its inhabitants. By absorbing the harmful solar rays
in the ozone layer, it is filtering the ultraviolet radiation from the Sun, which can cause
severe skin, eye and genetic damages. By its thickness, it is serving like a protective
shield from the particles and meteors in space leftover from planet creations, collisions.
The space is always defining as empty, but it contains a lot of randomly traveling
celestial bodies. According to NASA, more than 100 tons of space debris strikes Earth
every day, but they have been destroyed by the friction with the molecules in the
atmosphere before reaching to the ground. With no protection, the surface of the
Earth will be full of craters caused by meteor impact like on the Moon and with
no wind or water to erode them, they have been stayed there for hundreds and even
thousands of years. Another important benefit having an atmosphere is the maintaining
the temperature in the habitable range. On the Moon, the temperature varies from
121 degrees Celsius to -157 degrees Celsius. However, on Earth the molecules in the
atmosphere absorbs and spreads the sun ray’s energy, and with the help of what we

call the Greenhouse Effect, the temperature remains in the range [10]. The Greenhouse



Effect may sound as a bad phenomenon since we are currently facing the “dark side” of
it; but this was not the case in the past. Right now, the warming influence is literally
a matter of life or death, but in the beginning, it kept the average surface temperature
of Earth at 15 degrees Celsius. Without this Greenhouse Effect, the average surface
temperature would be -18 degrees Celsius; a temperature so low that all water on
Earth would freeze, the oceans would turn into ice and life, as we know it, would not
exist. The concept is first mentioned by Jean-Baptiste Joseph Fourier (1768-1830) in
the 1820s. Fourier’s idea, still accepted today, is that the atmosphere lets some of the
Sun’s radiation in, but it doesn’t let all the radiation back out, as a Greenhouse. The
glass of a Greenhouse allows the sun’s radiation in, which warms the ground inside,
then turns as heat radiation. The glass then acts like a barrier to prevent the warm air
inside getting out. The Greenhouse Effect on Earth works approximately the same as
shown in Figure 1.1. The sun’s energy enters the top of the atmosphere as shortwave
(if the energy of a wave is high, the wavelength will be short) radiation and makes
its way to the ground without reacting with the Greenhouse gases. Then the ground,
clouds, and other earthly surfaces absorb this energy and release it back towards space
as longwave radiation. As the longwave radiation goes up into the atmosphere, it
is absorbed by the Greenhouse gases which by the way, mainly, are the very least
components of the atmosphere like carbon dioxide and water vapor. The Greenhouse
gases then emit their radiation (also longwave), which will often keep being absorbed
and emitted by various surfaces, even other Greenhouse gases, until it eventually leaves
the atmosphere. Since some of the re-emitted radiation goes back towards the surface
of the earth, it warms up more than it would [11]. The problem in this process is too
much Greenhouse warming raises global temperatures to a level that is significantly
different. If the Earth’s Greenhouse gases increased in concentration and nothing else
in the atmosphere changed, then the surface temperature would be expected to rise and
eventually, the Earth’s energy will be adjusted to the new conditions. Unfortunately,
the Earth has a complex climate system and increase in energy, resulting and merging
with increased evaporation and cloud formation, melting of polar ice. This interaction
in unexpected ways would cause irreversible changes in regional and global temperature

and climate. In addition to all above, this trapping feature of the atmosphere allows



the vapor evaporated from the oceans, seas and other sources to stay in the atmosphere
system by condensing and falling back as rail or snow. The water movement in this cycle
provides life-giving moisture and simply allows creation of the weather and climate.

The Greenhouse Effect
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Figure 1.1. Greenhouse Effect [1]

All these different outcomes of atmosphere happen in different layers. The at-
mosphere has a layered structure with 4 main layers; the troposphere, stratosphere,
mesosphere, thermosphere. Figure 1.2 shows the temperature in the layers sorted from
Earth to space. The top layer which is not shown in the figure is called exosphere.
This layer can expend and shrink with solar storms because it is directly in contact
with solar rays. Many weather satellites use this layer to orbit Earth. The layer below
exosphere is called thermosphere. It is the thickest and lightest layer. Gas molecules
in this layer absorb x-ray and UV radiations, which gives them high temperature and
speed. Even though they have very high temperature like 1.500 degrees Celsius, there
is not much heat, the fact that heat is created when molecules get excited and transfer
energy from one molecule to another. Gas molecules need high pressure or a small
volume to encounter and transfer energy, and since thermosphere has not qualified for
both, the heat transfer is very little. Despite high temperature of thermosphere, the
lower layer, mesosphere, has the coldest temperatures in the atmosphere, with -120
degrees Celsius. It also hosts highest clouds in the atmosphere. They are called noc-
tilucent clouds, or night-shining clouds and in a clear weather, can be observed shortly
after sunset. The mesosphere is so cold that noctilucent clouds are literally frozen
water vapor, ice clouds. Shooting stars, the fiery burnout of meteors, dust, and rocks

from outer space are visible in the mesosphere. There is a sub-layer called ionosphere



starting from mesosphere up to exosphere. The free ions created by energetic parti-
cles from Sun and outer space gives the layer its name along with the free electrons.
Its ionized structure allows conducting electricity and giving him the ability to reflect
short wave radio signals. This feature used for long distance communication over a long
time. The below layer is called stratosphere. The ozone layer which absorbs ultravio-
let (UV) rays from the Sun, is in stratosphere and causing the temperature increases
with height. The lowest and most important layer is the troposphere where we live
and where weather happens. Temperature in this layer generally decreases with height
because as in ozone layer, the ground is also absorbing most of the solar ray causing
increase in temperature. The height of the troposphere varies with location, being
higher over warmer areas and lower over colder areas. The structure of the atmosphere
dictates the way the atmosphere behaves and controls how weather develops near the

surface of the earth.
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Figure 1.2. Temperature Graph of atmosphere layers [2]

The atmosphere, together with all the factors, that affect it to produce the cli-
mates of the world, constitutes the climate system. The system includes the oceans,
lakes, rivers, and the hydrological cycle, the polar ice sheets, the solid Earth, and liv-
ing organisms. The energy of system is derived from the Sun, and solar radiation, and
periodic changes in it, is also included as a component of the system. The weather
and climate are determined by factors called the climatic elements. These elements are

temperature, precipitation, wind speed and direction, humidity, pressure, cloudiness,



sunshine [12], that are measured or calculated from observed data. The climate of an
area is the average of weather conditions, determined by these elements, over a long
period; where, the weather is day-to-day air conditions in a certain place. The climate
of a place is determined principally by its latitude, distance from the ocean, and its
elevation above sea level. It is characterized according to these varying elements and
each one has different important impact. For example, latitude is one of the most
important one, because it defines the amount of solar radiation the place receives.
The proportions of the surrounding area that have surfaces of land and water are also
important, because of their different heat capacities. All these characteristics of the
climate make life on earth possible, but there is a balance to maintain in order to be
friends with the climate. Because if we do not, life on earth can turn into a misery,
may even come to an end. We might be ending up searching for new habitable planets
with suitable atmosphere. Unfortunately, it seems very unlikely to find one in near and

mid future. We need to realize it’s worth and start protecting it before it is too late.

1.2. Global Warming

It will be naivete to presume that the system, which had a crucial role in the
creation of life, will not have an influence on our daily life. As mentioned above the
climate of a region is determined by its system components like the atmosphere, hydro-
sphere, cryosphere, biosphere and land surface. The local atmosphere, the composition
and movement of gases, can be affected by anthropogenic factors and nature itself.
Hydrosphere and cryosphere have long-term effects on temperature most of the cases.
But in marine environments like islands and coastal areas they can be very effective.
Land surface of a region will impact on the vegetation which influence the evaporation
amount and ambient temperature by determining the heat trapping capability. But it
is better the consider land surface together with the biosphere of the region. Because
for example forests through photosynthesis have a direct impact on the climate. Not
only with producing oxygen, but also with trapping carbon, cooling the environment
and regulating the Greenhouse gas flow on the region. These great ecosystems, forests,

have much more contribution to the health of the climate system. In the past, Earth’s



climate had been changed a lot. It had warmer and cooler times than these days but
living creatures, plants, animals and humans always found a way to adapt. But this
adaptation is not easy because the climate has so many effects on our way of live.
The cultures, civilizations and industries developed and evolved with climate of their
region. First thing, that comes up to mind when talking about weather, is how it is
going to be hot, cold, rainy, etc. This is the case in the global level, too. The clothing
of a region is depending on the climate of it. The Nordic, near to pole, civilizations of
different continents like Canada, Sweden, Russia, all wear thick, isolated, long lasting,
strong, most of the time waterproof, clothes and furs to keep them warm and dry to
survive in challenging weather conditions. They usually use animal-skin based clothes
to deal with both very low temperature and high precipitation. The opposite kind
of clothing can be seen the equatorial/tropical regions like central America, Middle
East, Africa, Australia. Their clothes are mostly light, thin, spacious to avoid high
temperature. The similar effects can be seen in sheltering in different climates. The
designs, engineering and materials used in construction differ whether preventing heat
or not. For example, southern North American people built their house in tall cliff
areas to benefit from the shade to avoid hot, dry climate. Another vital and direct
influence of climate is on agriculture and animal husbandry which both is the direct
resources for nourishment. Climate is the primary factor of agricultural productivity.
All ancient civilizations and empires founded on very rich lands like Mesopotamia and
India where they can culture the land every season. The soft climate of Mediterranean
allowed Roman Empire and later Ottoman Empire people to become great farmers.
Developed farming skills and techniques allowed them to cultivate all different kinds of
crops like wheat, olive, grape. Like ancient Romans, ancient civilizations Azteks and
Mayans also took advantage of their mild climate and become great farmers and in-
troduced the world with potato, tomato, pepper, tropical fruits and cacao fruits. Even
today the farmers are still depending on climate, some corps still cannot be cultivated
in a Greenhouse. For example, filbert needs very specific heat, humidity and rain,
so it can be cultivated in very specific altitudes and regions, one of the best quality
nuts can be found in Turkey’s east-north coast of Black sea in altitude 700-1500 me-

ters [13]. Given the fundamental role of agriculture in human welfare, there has been



a lot of researches conducting on global level. A lot of crops are planting regarding
the estimated precipitation amount of the season ahead, but when the weather con-
ditions are not as expected, it is affecting the harvest and the cost in parallel. Most
existing research has focused on the likely direct climate impacts on crop yields and
agricultural output [14] [15] [16], but direct crop impacts in a given area provide only
partial understanding of the consequences for human livelihoods. This is both because
countries are inter-connected through trade, but also because different households are
affected by these price changes in different ways. For instance, households selling their
extra production in local markets could benefit if climate change causes food prices
to rise, even as their non-farming neighbors are hurt by higher prices. Thomas Her-
tel’s study presents important lessons for scientists and policy makers concerned with
poverty responses to climate change. His results are concerned with the period until
2030. Although most studies focus on production impacts, these measures provide
a relatively poor predictor of regional welfare impacts, because international trade is
an important mediator between countries, which are differentially affected by climate
change shocks to agricultural productivity. Despite experiencing significant negative
yield shocks, some countries (e.g., Russia, Brazil) stand to gain from higher commod-
ity prices. Indeed, the rise in price offsets the adverse impact of lower agricultural
productivity in some cases. It is important to consider the full range of possibilities
in designing policy responses, particularly given that these estimated potential price
changes are well outside the range of changes predicted in the recent IPCC report for
a similar level of warming [17]. The climate is also affecting the agriculture via carbon
and water cycles (shown in Figure 1.3). Water cycle, also known as hydrologic cycle,
is the continuous circulation of water in the Earth. Of the many processes involved in
the water cycle, the most important ones are evaporation, transpiration, condensation,
precipitation, and runoff. Although the total amount of water within the cycle remains
essentially constant, its distribution among the various processes is always changing [3].
The cycle can be broken from time to time by natural causes, ending up with droughts.
In the past, many civilizations faced with such problem, some of them survived and
some did not. One of them is the First Empire of Mesopotamia, The Akkadian Empire.
They faced one of the biggest droughts in ancient history, that led refugees from north



cities to move in south and eventually led to their collapse. After more than 4000 years
same thing happened in the same region. In between 2006-2011, Syria faced with a
drought, that decreased the agricultural production by 70% and animal husbandry by
85%. This led countryside people to immigrate to cities. The cities were also suffering
from poverty caused by refugees from Iraq and Palestine, so the poverty escalated,
merged with oppressive regime and became a civil war. Another example can be given
from United States, California where half of the crop for the nation is harvested. The
drought started in 2013 caused a serious outage in water that even the government
placed mandatory restrictions of consumption in water by 25%. Serious production
and plant life lost in the period. So, we should not be considering it as only a drought
and water shortage. Climate change can cause serious political outcomes, which leads

to wars and destruction of civilizations [18].
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