some additional national networks, which adhere to these climate monitoring principles,
will need to be identified.

8- Long-term requirements, including appropriate sampling frequencies, should be
specified to network designers, operators and instrument engineers at the outset of
system design and implementation:

Sustainable climate monitoring can only be achieved through a shared
understanding, and considerable liaison, between observation network and system
managers, data managers and climatologists. The latter will need to represent the very
broad needs of end-users. There are close parallels here with the first principle identified,
particularly regarding the need for a change management program. There are some good
examples of countries who have attempted to seek all stakeholder needs, including
climatological needs, prior to designing new networks (e.g. Frei 2003). Climatologists
should be ready to respond to demands for this information by attempting to provide details
of national observation needs for a range of key climatological applications (e.g. analysis of
climate variability, climate prediction) and, with respect to individual climate elements,
requirements for quality, spatial density and sampling frequency.

9- The conversion of research observing systems to long-term operations in a
carefully-planned manner should be promoted:

The needs of climate imply a long-term commitment to observing systems is
required. For those systems that have potential for climate monitoring, there needs to be a
clear transition plan (from research to operations) developed. Some of the best examples of
observation networks and systems that have made the transition are the Tropical
Atmosphere Ocean (TAO) array established as part of the Tropical Ocean Global
Atmosphere (TOGA) experiment for monitoring the El Nino-Southern Oscillation
phenomenon. Any transition will require the development of infrastructure supporting the
broader requirements of climate as described elsewhere in this section (e.g. metadata,
robust data management systems, regular maintenance/inspection of stations, life-cycle
management of equipment and sensors).

10- Data management systems that facilitate access, use and interpretation of data and
products should be included as essential elements of climate monitoring systems:

One of the major differences between the observational requirements of climate and
weather concerns the treatment of observations beyond a few hours of their collection.
While the operational value of observations to weather forecasters usually rapidly
depreciates, it does not for climatologists. Climate data management systems generally sit
between the observation systems and the delivery and production of climate products and
services (Fig. 4.6).
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USE OF CLIMATE INFORMATION

META-DATA

NON-REAL-TIME
QuauTyY
MONITORING

VERIFICATION SIMULATION

CMAN/R3263-2

Figure 4.6 The fundamental role of observations, networks, climate data management
systems and metadata in providing climate information. (Source: Bureau of Meteorology,
Australia).

They include the quality control systems, metadata and various feedbacks between
data users and observation system and network managers that help preserve the integrity of
the climate data. A robust and secure climate database is the cornerstone to the
development and delivery of good quality products and services. Organisations should
strive to develop a data management policy that secures data on paper-based records as well
as those collected by more direct means.

While much of the above concerns the need for climatologists to ensure the stability
of climate observations they must also look at the opportunities presented by observation
systems particularly with regard to new data types, including high resolution observations
(Fig. 4.7).
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Annual mean wind speed for Cape Grim
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Figure 4.7 Increasing the observation frequency of highly variable elements such as wind

speed improves the calculation of climate statistics such as the annual mean. (Source:
Muirhead 2000)

Future use of these observations could effectively remove the limitations of having

to derive daily means from hourly or daily observations and could also be used to derive
new variables (e.g. climatologies of rapid changes).
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In-Situ Climatological Observations and Instruments
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Automatic Weather Observation Station (AWOS) sensors and equipments
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5. VEGETATION

Vegetation also affects regional climate an observation made obvious when comparing
the wind speed within a forest with the wind speed at the same height over an open field.
Friction reduces the wind speed in the forest, so open areas have greater winds. The
relative humidity is usually greater in a forest than in the surrounding open country. Forests
depress the summer temperatures by 1 to 2 C (2-4F) below the annual mean in their
vicinity. This temperature difference is driven by heat budget differences; less solar energy
reaches the forest floor than the open field.

egetation

Nontropical ve getation

LEGEND ArcticiS ub-Arotic Suhbboreal

polar desert, tundra, m ountain 0 forest, steppe, semi-deser, desert, mountain

BorealiSub-Arctic SubborealfSubtrapic
forest fundra farest, steppe, semidesert, desert, evergreen and subtropical elem ents, mountan
Boreal

5 5 Subtropic
taigs, m ountain

I evergreen forest, shrubland, samidesert, desert, m ountain

Figure 5 World vegetation map (GRID, UNEP)

6. PALEOCLIMATOLOGY - DETERMINING PAST CLIMATES

A fuller understanding of past climates enables scientists to better predict future
climate, including the impact of humans. Uncovering the global and regional climates of
the past is like a solving a mystery. We look for evidence and compile this evidence into a
consistent story. Paleoclimatology is the study of climate and climate change throughout
geologic time. This section discusses some of the methods paleoclimatologists use to
collect evidence. Paleoclimatology is the study of ancient climates
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6.1. How do we reconstruct climate?

* Tree Rings
¢ Glacial Ice Cores

NOAA Paleodfiffiitology

. —

«  Ocean Sediments - The ratio of oo,
oxygen 16 to oxygen 18 | g” N

preserved in the steady rain of
dead organisms.

* Radiocarbon dates of organic
material

* Pollen samples found in packrat
middens and lake bed samples.

* Variations in desert varnish
coatings found on rocks in the
arid southwest

* Variations found in peatbog
deposits

* Sedimentary rock records.

Figure 6.1 NOAA paleoclimatology web site
http://www.ncdc.noaa.gov/paleo/paleo.html

CROSS SECTION of a CONIFER

——

6.2. Tree Rings LR v

* How does a tree produce annual rings?

* There are two main types of ring producing trees.
The primary cellular component of tree rings is the
tracheid. Tracheids are long tubular cells that make
up the xylem. Tracheids formed in the beginning of
the growing season are thin walled and low in
density. These cells constitute what is called the
earlywood. As the end of the growing season nears,
climate conditions become less conducive and
growth slows. Tracheids become darker and more :
thick-walled, forming the latewood. Finally, when the growth season ends, there is a
marked boundary at the edge of the ring.

Figure 6.2 Cross section of a conifer
6.3. Dendrochronology (tree-ring dating)

Dendrochronology is the study of tree rings and is derived from the Greek words for
tree and knowing the time.

Simply stated, trees grow two rings per calendrical year. For the entire period of a
tree's life, a year-by-year record or ring pattern is formed that in some way reflects the
climatic conditions in which the tree grew. These patterns can be compared and matched
ring for ring with trees growing in the same geographical zone and under similar climatic
conditions. Following these tree-ring patterns--the sum of which refer to as chronologies--
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Figure 6.5 Mediterranean paleo database
(NCDC web site)

Figure 6.4 Dendrochronology of Anatolia

(Kuniholm, I. P. et all,)
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6.4. Speleothem (Cave Deposit) Data

Speleothems are mineral deposits formed
from groundwater within  underground
caverns. Stalagmites, stalactites, and other
forms may be annually banded or contain
compounds which can be radiometrically
dated. Thickness of depositional layers or
isotopic records can be used as climate

proxies. Figure 6.6 Plate 1a General view of Karaca Cave near
Gumiishane showing well developed stalagmites
and stalactites.

6.5. Bubbles in ice

Bubbles trapped in ice provide windows to the past for atmospheric chemists. Air
bubbles get trapped in glaciers and ice sheets as snow gets compressed. These trapped
bubbles provide a record of the concentration of trace gases such as carbon dioxide (CO,)
and methane (CHy) over the past 200,000 years. CO, and CHj are trace gases and thus only
occupy a small fraction of the molecules in the atmosphere.

Methane concentrations during the last ice age were approximately 350 ppbv (parts per
billion by volume). Figure shows the concentration of atmospheric CO, and CH4 obtained
for a 2,083 meter long ice core cut from Vostk, Antarctica. Also shown on this figure are
estimates of temperature changes during this period. The warmer temperatures are clearly
related to higher concentrations of CO, and CHs. Approximately 150,000 years ago the
concentration of CO, was less than 200 ppmv (parts per million by volume) and CHy4
amounts were approximately 300 ppbv. Both these gases are greenhouse gases. Increased
concentration of a greenhouse gas can lead to a warming of the atmosphere. The amount of
methane has approximately doubled from about 10,000 years ago. This was a warm period
in the history of our planet and is associated with increased concentrations of the
greenhouse gases CO, and CHy.

6.6. Dust in ice

Ice sheets also provide valuable information on the frequency of volcanic eruptions.
Strong eruptions can inject dust into the atmosphere where it is transported across the globe
and then settles onto glaciers. Snowfall then covers the dust providing a long-term record
of an eruption.

Dry conditions can lead to soil erosion and the transport of the soil by the winds in the
form of dust storms. Dust storms (Figure 14.8) from the Sahara can transport dust as far as
Greenland. So, dust deposits on ice may result from a change in precipitation, or a change
in wind direction that is favorable for dust transport and deposition. Either way they
indicate something happened! Dust on ice sheets is, like many observations discussed in
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this section, a piece of the climate puzzle, not the complete answer. Sediments on the
ocean floor provide another clue to past climates.

6.7. Sediments

Materials have been deposited in layers (Figure 14.9) on the ocean floor for very long
periods of time. The deeper the layer, the older the material. These deposits can include
soil from wind erosion, soil from floods, ash from volcanic eruptions, and shells of animals.
In ocean sediments, the shells of animals are primarily calcium carbonate (CaCOs), a
compound that makes up limestone. The calcium carbonate is very useful for tracking past
climates by the relative amounts of different oxygen isotopes.

Most oxygen atoms have an atomic weight of 16. This atomic oxygen is denoted as
'°0. An oxygen atom can also have 2 additional neutrons, resulting in an atomic weight of
18 (**0). '°O is much more common than '*0. Water molecules (H,O) can incorporate both
of these isotopes. So, these two isotopes of oxygen are found in ocean water and in the
shells and bones of plankton. The ratio of '*O to '°0 (**0/'°0) provides the clue to past
climates.

Foraminifera are microorganisms that live in the oceans and have hard shells of
calcium-containing compounds, including calcium carbonate. The relative amount of the
two isotopes 'O to '°0 in the shells of these marine protozoans is related to the amount of
continental ice. The proportion of *O to '°0 is partly controlled by the volume of water in
continental ice sheets. Since '°0 is lighter than '®0, it can evaporate from the water more
quickly. The lighter water molecule tends to accumulate as snow and ice that form the
glaciers. As the ice accumulates, more of the '°0 is bound in the ice sheets. So, during
glacial times there is a higher concentration of '*O in the water. As foraminifera construct
their shells they incorporate larger amounts of '*O than '°O because of its relative
abundance. So, as continental glaciers grow, there is less '°0 in the oceans leaving higher
ratios of '*0/'°0 in the oceans and thus in the shells. As the foraminifers die, their shells
settle on the ocean floor and provide a record of the isotope ratio. When we pull sediment
cores from the ocean floor, we can obtain a record of the past 2 to 3 million years! These
cores have indicated a variation in the growth and shrinkage of ice sheets on repetitive time
cycles of 100,000, 41,000 and 20,000 years. Figure 14.10 shows the departures from the
average '"0/'°O ratio over the past 300,000 years. Note that warm periods occur
approximately every 100,000 years.

6.8. Fossil records

Fossils provide useful records into the past. They provide a means to track life through
the ages because they are an integral part of the rocks in which they are found. The age of
the rocks can be dated. Fossils reveal ancient animal and plant life that can be used to infer
climate characteristics of the past. For example, tropical plants often have pointed tips so
that the moisture can drip off the leaf. Plant fossils that have pointed leaves indicate a
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moist tropical climate. Large numbers of a given fossil also indicate favorable climate
conditions for these organisms.

6.9. Water erosion

Moving water, whether liquid or solid as in glaciers, leaves evidence of its movement.
When a cold global climate warms, glaciers recede, leaving behind geological evidence of
their former presence. As they advance during cold climates, glaciers will leave scratches
in hard rocks and smooth softer rocks. As a glacier advances it pushes rocks of all sizes
much like a bulldozer. When it recedes, the rocks get left behind marking the glacier
boundaries. Called moraines, these rock deposits are recognized by the wide assortment of
rock sizes—from clay to boulders. Moraines are even found in eastern South America and
in Africa south of the equator, indicating that these regions were once cold.

7. Greenhouse Effect

Energy from the sun drives the earth’s weather and climate, and heats the earth’s
surface; in turn, the earth radiates energy back into space. The greenhouse effect is a
necessary phenomenon. Without it Earth temperature would be -18°C. But the Greenhouse
gases trap some of the outgoing energy and maintain Earth’s temperature 15°C. However,
too many greenhouse gases could increase in mean temperatures

The Greenhouse effect
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Figure 7.3 Radiative flux balance formula

8. Climate Change:

In addition to the observed natural climate variability; it is changes in climate due to

anthropogenic contribution to the atmosphere
usually characterized by a shift in means.
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Figure 8.1 Shift in mean and CO2 concentration over time

(UNFCCC). Technically climate change is

THTO BB 1880 1900 1810 1820 1930 1940 1O50 190 19V0 1%B0 1900 2000

Small changes in mean can cause more extreme event. The pre industrial levels of CO,
approximately 280 ppm would then double by the end of the next century.
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1000 to 1861, N.Hemisphere, proxy data; 1861 1o 2000 Gilobal, instrumental; 2000 to 2100, SRES projections
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When weather patterns for an area change in one direction over long periods of time,
they can result in a net climate change for that area. The key concept in climate change is
time. Natural changes in climate usually occur over; that is to say they occur over such long
periods of time that they are often not noticed within several human lifetimes. This gradual
nature of the changes in climate enables the plants, animals, and Microorganisms on earth
to evolve and adapt to the new temperatures, precipitation patterns, etc. The real threat of
climate change lies in how rapidly the change occurs. Increasing concentrations of
greenhouse gases are likely to accelerate the rate of climate change.

8.1. Potential Climate Change impact

Scientists expect that the average global surface temperature could rise 0.6-2.5°C in the
next fifty years, and 1.4-5.8°C (IPCC TAR, 2001) in the next century, with significant
regional variation. Evaporation will increase as the climate warms, which will increase
average global precipitation. Soil moisture is likely to decline in many regions, and intense
rainstorms are likely to become more frequent. Sea level is likely to rise two feet along
most of the U.S. coast. Calculations of climate change for specific areas are much less
reliable than

Potential climate changes impact
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Figure 8.4 Potential Climate Change impact global ones, and it is unclear whether regional
climate will become more variable.
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9. Climatological Applications

9.1. Climate Change Detection, Monitoring - Climate Indices

A joint WMO CCI/CLIVAR Expert Team on Climate Change Detection, Monitoring
and Indices was tryed to detect climate change via software which prepared by Xuebin
Zhang of Environment Canada. This software package, called RClimDex, uses the free
software R (see http://www.r-project.org for more information). The complete list of the 27

indices, software and users guide of RClimDex are available from
http://cccma.seos.uvic.ca/ETCCDMI
|
List of the 27 cors climate indices :
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Figure 9.1 Rclimdex software and its outputs (27 climate indices)
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This software is using daily precipitation, maximum and minimum temperature. If we
reconstruct of past climate data, it will be possible to run RClimDex software to produce
climate indices and to detect climate change from historic time to the present. One study
has undertaken for the Middle East and published at:
http://www.agu.org/pubs/crossref/2005/2005JD006181.shtml
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Figure 9.2 Indices plot

Kendall’s tau based slope estimator has been used to compute the trends since this
method doesn’t assume a distribution for the residuals and is robust to the effect of outliers
in the series. If slope error greater than slope estimate we can’t trust slope estimate. If
PValue is less than 0.05 this trend is significant at 95% level of confidence this indices
show that frost days will be decreasing 26.8 days in 100 years.
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100 year trends in Tn10P
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Figure 9.3 Linear least squares trends per century of the index for cool nights, the
percentage of days when minimum temperature was less than the 10th percentile of the
1971-2000 base period. Red represents increases and blue decreases. Filled circles
represent trends that are significant at the 5% level. The blue dots indicate widespread
warming of extreme minimum temperatures.

9.1.1. Trends in Turkey Climate Extreme Indices From 1971 To 2004

Figure 94 Trends in Number of Summer Days from 1971 to 2004 [Tx = 25°C]
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The results show that numbers of summer days and tropical nights have been
increasing all over Turkey while ice days and frost days decreasing. Summer days have
increased about 6 days per decade. Most of the trends are statistically significant at the 5%
level. Growing season length has increased over Turkey except for coastal regions. This
will be having a positive effect on summer agricultural products but some negative affects
will be experienced by orchards for example which rely on cold conditions. Maximum of
maximum, minimum of maximum, maximum of minimum and minimum of minimum
temperatures have increased at most stations. Warm days and warm nights have been
increasing all over Turkey while cool days and cool nights have been decreasing. Warm
spells have increased while cold spells have decreased. Diurnal temperature range has
increased in most inland stations while it has decreased along coastal areas.

Trends in simple daily intensity index have been increasing in most of the stations even
mean annual total precipitation declined in 30 stations located in the Aegean and inland
Anatolia. The number of heavy precipitations days have been increasing especially in the
Black Sea and Mediterranean regions and usually cause extreme flood events. The
maximum one-day and 5 days precipitation have also increased except eastern Marmara
and south Anatolia region. Consecutive dry days have decreased especially in Konya,
Karapinar, Ceylanpinar and Igdir which are suffering drought problem but unfortunately
there are increasing trends in Marmara, Aegean and the Black Sea Region. Consecutive wet
days have increased especially in eastern parts of the Marmara and around Afyon, Burdur,
Nigde, Sinop, Sivas, Rize, Kilis and Mus while decreasing in the Aegean and Konya.

In summary, in general there are large coherent patterns of warming across in the
country affecting both maximum and minimum temperatures but there is a much more
mixed pattern of change in precipitation (Sensoy, S., et all, 2007).

9.2. Monthly, seasonal and annual climate assessments

Monthly, seasonal and annual climatological analyses have been doing by using real
time data. It is using ArcGIS for interpolation and monitoring purpose. Also it is
calculating their differences from normal. Anomaly is the differences from normal and it is
determining by using Z standardized normal distribution (Z=(X-Xmean) /STD). If Z < -
0.97 it means that this station value is below normal, if Z is between -0.97 to 0.97, near
normal, and if Z > 0.97 it means this value over normal. Calculations have been done by
using Excel and then it is loaded personal geodatabase in order to produce maps.
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Figure 9.5 Mean temperature anomaly in July,'2009

According to above map in July 2009 western parts of Turkey and Black sea cost have
above normal temperature while remaining area near normal except Sivas, Agri and
Adiyaman.
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Figure 9.6 Turkey mean temperature anomaly in Spring 2009

Turkey mean temperature (1961-1990) in summer is 23.0°C. Mean temperature in summer
2009 was 23.6°C. In this result, 2009 summer was 0.6°C above normal.

9.2.1. Assessment of 2008 climatic variable

2008 mean temperature was 0.8°C above the 1961-1990 average (13.6°C). Generally
coastal area and western part of the country had temperatures above the mean while around
Sivas, Erzurum and Kars had below it. Positive temperature anomalies have been occurred

since 1994 (except 1997) (Fig. 9.7)
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* Temperature anomaly in 2008
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Figure 9.7 Spatial and temporal temperature and precipitation anomalies in 2008 in Turkey

Important decreases has been occurred in total precipitation in Antalya, Mugla, Mardin and
Bitlis while slight increases has been occurred in central Black Sea region, Sivas, Bayburt
and Kars in the year 2008. Mean total precipitation was 128mm below the 1961-1990 mean
(Fig. 9.7).

Despite the droughts
conditions, 42 extreme
rainfall and floods events

Extrem weather events occured in Turkey in 2008
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occurred frequently in Turkey
are storm, hail and drought
(Fig. 9.8).
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(Sensoy, 2009).

Figure 9.8 Extreme events occurred in Turkey in 2008
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9.3. Heating and Cooling Degree-Days

Heating degree-day is the unit which useful to indicate how much time cold in the day.

Heating Degree Days (HDD): In the given time (day, month, year) it explains intensity
of cold by considering indoor and outdoor temperature. Most of the country are been using
different formula to calculate degree-day. In order to make common application European
statistic Office (Eurostat) suggested following formula to calculate HDD (Gikas et all.,
2006).

HDD =(18 °C - Tp) x d, if Tpy < 15 °C (heating threshold) than HDD =0
Where; Tp, - Daily mean temperature, d= N. of days

Calculation has been done for daily bases than monthly and annual valu are calculated.

Cooling Degree Days (CDD): In the given time (day, month, year) it explains intensity
of warm by considering indoor and outdoor temperature. Most of the country are been
using different formula to calculate degree-day. There is no official threshold temperature
but construction sector has been accepted 22°C as air conditioning threshold. So:

CDD = (Tn-22)xd if Ty > 22°C (cooling threshold) than CDD =0
Where; Ty, - Daily mean temperature, d= N. of days

To know total heating and cooling degree-days are very important in order to calculate
energy demand for heating and air conditioning of building. If daily mean temperature is
above 15°C there is not necessary to heat. Heating cost is directly related with annual HDD.
For this purpose firstly 30 years average (normal) HDD shuld be calculated. If the annual
total fuel cost devided with mean annual HDD, this is the heating cost for 1 HDD. This
indis can be use for future calculation.

HDD could be used also to compare intensity of winter season with the other winters. HDD
also needed parameter by construction sectors while design of building in order to
calculate, insulation, heating and cooling cost.

In this study by using 130 stations value, heating and cooling degree days for 2006
were calculated for each month and compared with 30 years normal. According to results;
while heating requirements have been increasing in Marmara, Aegean, central Black Sea,
Adana, Hatay, Bing6l, Diyarbakir and Batman; decreasing in eastern part of Turkey
because of the above normal temperature. This decreasing is contrasted with increasing
temperature. Also as parallel with increasing temperature in 2006, especially in
southeastern and central Anatolia, cooling degree days have been increased in all Turkey.
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9.3.1. Assessment Heating Degree-Days in 2008
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Figure 9.10 Heating Degree-Days for long time and the year 2008

Heating degree days have been decreased because of the above normal temperature. While
low limit of long term accumulated heating degree days is 588, decreased to 466 in 2008.
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Figure 9.11 HDD differences from normal for 2008

In 2008, while heating requirements have been increasing in Sivas and Bingdl;
decreasing in western and eastern part of Turkey because of the above normal temperature.
This decreasing is contrasted with increasing temperature. For this reason 2008 HDD

anomaly map is similar with mean temperature anomaly map (Sensoy, 2009).
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9.3.2. Assessment of 2008 Cooling Degree-Days
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Figure 9.12 Cooling Degree-Days for long time and the year 2008

While low upper limit of long term accumulated cooling degree days is 1243 increased to
1587 in 2008. Cooling degree-days was increased especially southern part of the Turkey in
2008
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Figure 9.13 CDD Differeﬂééé from normal for 2008

As parallel with increasing temperature in 2008, especially in southwestern part, Hopa
and Cizre, cooling degree days have been increased.
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9.4. Climate Classification

The purpose of classification is to organize a set of data or information about
something to effectively communicate it in an informative way. Classification helps
synthesize information into smaller units that are more easily understood. When
considering the Earth's climate, there is such an enormous amount of information that one
has to break it down into areas of commonality to easily understand it. Climatologists have
therefore created several ways to organize the wealth of information about Earth's climate
to bring order and understanding to it.

9.4.1. Koeppen’s climate classification

There are many different regional climates across the world. To make sense of this
variability we devise classification schemes in which important characteristics of a
phenomenon are grouped into classes that have things in common. Classification is a
process common to all sciences.

The goal of classification is to identify and group together things that have similar
characteristics. Climate classifications describe the world's climates. The problem with
classifying climates is that there are few sharp dividing lines between different climates.
There are gradual transitions from one climate to another.

A challenge in designing a climate classification scheme is that climates fluctuates and
transition zones often exist between two very different climate regions, making sharp
boundaries difficult to establish. One of the simplest climate classification schemes is based
on solar illumination. This approach does have sharp boundaries.

Temperature and precipitation are two important climate variables. These two
parameters typically define the type of vegetation that can grow in the region. It is
therefore useful to classify climate according to these variables.

The most widely used climate classification schemes are those of Képpen. Vladimir
Koppen developed his classification system from 1918 to 1936. He used vegetation and
temperature as a natural indication of the climate of a region. There have been
improvements made to the original Koppen scheme, particularly by Trewartha and Horn.
The current classification scheme has six main groups, each designated with a letter:
Tropical Moist (A), Dry (B), Moist with Mild Winters (C), Moist with Severe Winters (D),
Polar (E), and Highland (H). Figure 9.14 organizes these climate groups by their
temperature and precipitation characteristics. Climates A, C, D, E, and H are based on
temperature while B climates focus on precipitation differences.

Division of the six main categories provides additional classifications. The next
sections provide more detail on the climate in each major group.
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Tropical Humid Climates (A)

The mean monthly temperature of Tropical Humid climates is high, no lower than
65°F (18.3°C) with small annual variations, typically less than 18°F (10°C). Killing frosts
are absent in A type climate regions. The diurnal variation in temperature in A climate
regions is often larger than the annual variation.

Tropical Wet, dry and monsoon (Af, Aw and Am)

While Tropical Humid climates have abundant rainfall (typically more than 100 cm or
39 in per year) they can have different precipitation patterns. A type climate zones are
therefore subdivided into three subtypes: tropical wet climates (Af), tropical wet-and-dry
climates (Aw), and tropical monsoon (Am). Examples of these climates are Iquitos, Peru
(Af), Asunicion Paraguay (Aw), and Manaus, Brazil (Am). Figure 9.14 shows the annual
temperature and precipitation patterns of these cities.

The tropical wet climates, Af, have temperature that is distributed fairly uniformly
throughout the year. Total precipitation over a year averages between 6.9 -10 inches (17.5 -
25.0 cm). The precipitation amount for each month is at least 2.4 inches (6 cm). Af also has
a diurnal precipitation pattern, with most thunderstorms occurring in the afternoon,
triggered by solar heating of the surface. Vegetation in Af climates is very lush, such as the
tropical rainforests of Brazil and the Congo.

Tropical wet-and-dry climates, Aw, have a dry season. Summers are wet and winters
are dry in Aw climates. This seasonal rainfall is linked to the season migration of the
InterTropical Convergence Zone. There is a cool season in Aw climates, which occurs
during winter. Analysis of Figure 14.19 shows that Aw often border Af. The vegetation of
Aw climates is typically savanna or tropical grasslands with scattered deciduous trees, as in
the grasslands of Africa.

Tropical monsoon climates, Am, are monsoon climates that have a short dry season.
Monthly average temperatures of Am climates are uniform throughout the year. These
climates tend to occur in regions that have seasonal onshore winds to supply an ample
supply of moist air. Orographic lifting also helps to enhance the precipitation of Am
regimes.

Dry Climates (B)

Dry climate zones (B) are located in regions where evaporation exceeds precipitation.
Rainfall is highly variable in these B climate zones. Most of the land regions of the world
are designated as B climate zones! The descending branch of the Hadley cell or a rain
shadow caused by mountain barriers causes lack of precipitation in many of the B climate
zones.
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Semiarid and Desert (BS, BW)

There are two subtypes of the B climate: steppe or semiarid (BS) and arid or desert
(BW). Inspection of the climate zone map indicates that the BS are situated between humid
climates and desert climates and are thus transition zones.

Dry climates span from the tropics to the poles. The mean annual temperature is a
function of latitude. We must distinguish dry climates according to temperature. So, BSh
and BWh are warm dry climates, typical of tropical regions. Figure 9.14 plots the
temperature and precipitation of Dakar, Senegal and Cairo Egypt, examples of BSh and
BWh climates, respectively. The precipitation peak over Dakar results from the ITCZ.

Hollywood's portrayal of deserts is usually one of a hot sweltering day, with an intense
sun and large sand dunes. The cities of Dakar and Cairo tend to conform to this description.
But not all dry climates are hot tropical deserts. BSk and BWKk climates are cold dry
climates of the higher latitude regions (Figure 9.14). BSk and BWk climates typically
have more precipitation, and less evaporation, then their counterparts, BSh and BWh. BSk
and BWEK are therefore typically more humid than the hot tropical desert climates, but both
BSk and BWKk have small enough amounts of precipitation to be classified as dry climates.
BWEKk climates are often located in the rain-shadows of large mountain ranges or the interior
of continents. BWk climates have warm to hot summers and cold winters. BSk climates
are mid-latitude steppe. BSk climates have similar annual temperatures to the BWKk; the
difference between the two climates is in total annual precipitation. BSKk typically have
more precipitation than BWk climates.

Moist Subtropical Mid-latitude Climates (C)

Moist subtropical and mid-latitude climates are characterized by humid and mild winters.
At least eight months of the year have temperatures above 50°F (10°C), with the coolest
month below 65°F (18.3°C) and above 27°F (-3°C). Geographically, the subtropics lie
between the tropics and the middle latitudes; however, subtropical climates also often lie in
the middle latitude regions. This is where the largest annual temperature ranges are
observed as tropical and polar air masses govern the weather at different times of the year.
In the tropics, seasons are distinguished by wet and dry cycles; in the middle latitudes
seasons are distinguished by annual variations in temperature. In the tropical regions plants
go dormant with a lack of precipitation. In subtropical climates, plant go dormant due to
low temperatures.

There are three major sub-groups, the marine west coast (Cfb and Cfc), humid
subtropical (Cfa and Cwa), and the Mediterranean (Csa and Csb).

Marine West Coast (Cfb, Cfc)

Summers and winters of marine West Coast climates are typically mild with no dry
season. The Cfb regime has a warm summer while the Cfc has a cool summer (Figure
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9.14). Cfb and Cfec climates are usually near the coast. The characteristic temperature and
precipitation is determined by the advection of air over ocean currents. This moderates the
annual range in temperature. When cool water is up wind, the summer high temperatures
are primarily moderated, while warmer ocean currents lead to milder winter temperatures.
The coldest month of the year has an average temperature above freezing, making snowfall
rare. The name of this climate type, marine west coast, suggests that these climates lie
along the west coasts of continents. However, these climates are also found along
southeastern Australia and southeastern Africa.

Humid sub-tropical (Cfa, Cwa)

Humid sub-tropical climates have hot summers (Figure 9.14). These climate regimes
occur in the mid-latitudes regions. Daytime high temperatures typical of this regime are in
the 80° to 90°F range. The humid conditions, dewpoints in the 70s, keep the low
temperatures in the evening from getting very cold. Winter temperatures are mild. While
mean temperatures may be above freezing in winter, it is not uncommon for the
temperatures to drop below 32°F (0°C). Precipitation in humid sub-tropical climates is
plentiful, 30 to 100 in (75 to 250 cm) per year. Summer precipitation is usually associated
with convection and mid-latitude cyclones bring the winter precipitation. Cfa climates are
wet all year round while Cwa regions have a brief dry season in the winter. Summer
precipitation in both climates is primarily convective.

Mediterranean (Csa, Csb)

Mediterranean climates are characterized by little precipitation in the summer (Figure
9.14). This particular climate classification has a peak in precipitation during winter. The
lack of precipitation in summer is associated with the presence of a high-pressure system
that moves into the region and stays. Summer temperatures range from hot to mild and
winter temperatures are mild. When located along a coast, winter temperatures are very
mild. Winter temperatures can drop below freezing if far from the modifying influences of
a large body of water.

Severe Mid-latitude Climates (D)

The severe mid-latitude climates (D) are located in the eastern regions of continents.
So, the temperature range of the D climate regimes is generally greater than C climate
types, which tend to be located on the west side of continents. The average temperature of
the coldest month of a D type climate regime must be less than 27°F (-3°C). These climate
types typically have snow on the ground for extended periods of time. There a two basic D
climate types, humid continental and subarctic. These subgroups are further divided into
groups based on precipitation and summer temperature. The second letter f indicates that
the climate has no dry season, while a second letter of w indicates a dry season in winter.

For D climates, a third letter of a, b or ¢ indications a hot summer, a warm summer, or
a cool summer, respectively. A hot summer climate has a warmest month of about 72F
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(22C) with at least four months about 50F (10C). Warm summer are defined to have at
least four months with average temperatures above 72F, but the warmest month has a
temperature less than 72F. Cool summer climates have only one to three months with a
mean temperature greater than SOF (10C). Finally, a D type climate with d as a third letter
indicates an extremely severe winter with a cool summer.

Humid Continental (Dfa, Dfb, Dwa, Dwb )

Humid continental climates have a large range in temperature; each has severe winters
and cool-to-warm summers. The climates in the subgroup denoted by an f (e.g. Dfa, Dfb)
do not have a clear dry season. Examples of the Dfa and Dfb climates are Fargo, North
Dakota, USA (Dfb) and Vladivostok, Russia (Dwb) (Figure 9.14). Both cities have a large
annual temperature range. Vladivostok has a strong summer time maximum in
precipitation, while Fargo's monthly averaged precipitation is more evenly distributed
throughout the year.

Subarctic (Dfc, Dfd, Dwc, Dwd)

Subarctic climates have a very large range in annual temperature. Winters are very
long and cold. Summers are brief and cool. Fairbanks, Alaska, USA (Dfc) and
Verkhoyansk, Siberia (Dfd) are examples of subarctic climate regimes (Figure 9.14). Both
have very cold winters, monthly averaged temperatures below freezing. Monthly averaged
temperatures for both cities are below freezing for 5 months. In this climate regime,
monthly mean temperatures that are below freezing can occur for up to seven months!
Precipitation is greater in summer than winter for both cities. The poleward displacement of
the mid-latitude cyclones leads to this maximum precipitation in summer.

Polar Climates (E)

Polar climates (E) occur poleward of the Arctic and Antarctic circles. Polar climates
are extremely cold and have little precipitation. The mean temperatures of polar climates
are less 10°C (50°F) for all months. This cut-off temperature is the minimum temperature
for tree growth. Precipitation, mostly frozen, is less than 25 cm (10 in) of melted water.
They have a marked seasonal temperature cycle that corresponds to the solar input.

A distinction is made between two polar climate types: tundra (ET) and ice caps (EF).
This distinction is made based on the warmest month being warmer (ET) or colder (EF)
than 0°C (32°F). Greenland and the Antarctica Plateau are examples of EF climates. EF
climate zones have essentially no vegetation while tundra occupies ET climate zones. The
vegetation of a tundra is primarily mosses, lichens, flowering plants, and some woody
shrubs and small trees. ET regions have a layer below the surface that is perennially
frozen, a condition referred to as permafrost. During the summer, enough energy is
received so that the top layer of soil thaws. This causes the tundra to become wet and
swampy. About a meter below the surface the ground is still frozen. This frozen layer may
extend to hundreds of meters.
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Precipitation in Polar climates is very low, sometimes less than the tropical deserts.
However, these regions are not considered deserts because precipitation exceeds
evaporation.

Highland Climates (H)

The elevation above sea level is an important climate variable. Highland climates (H)
characterize the type of climates associated with high mountainous terrain. These climate
zones are complex and driven by changes in latitude, altitude, and exposure. A wide variety
of climates are exhibited in H climate zones. As noted in Chapter 3, temperature usually
decreases with height in the troposphere. The temperature of a mountain location will
strongly depend on the slope angle and aspect, which influences the amount of solar energy
received. A common feature of a highland climate is the large diurnal temperature
variation. Rapid daytime heating and nighttime cooling results because of the thin dry air.
Mountains have a large variation in precipitation. The amount depends on the orientation of
the highland, atmospheric moisture and prevailing wind directions. The leeward side is a
rain shadow while the windward side can have heavy rainfall.
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Figure 9.14 World Climate patterns according to Koeppen (FAO)

9.4.2. Trewartha’s climate classification

The Trewartha climate classification scheme is a modified version of the K&ppen system. It
attempts to redefine the broad climatic groups in such a way as to be closer to vegetational
zoning.

- Group A: This the tropical climate group, defined the same as in K&ppen's scheme (i.e.,
all 12 months average 18 °C or above). Climates with no more than two dry months

53



(defined as having less than 60mm average precipitation, same as per Koppen) are
classified Ar (instead of Koppen's Af), while others are classified Aw if the dry season is at
the time of low sun/short days or As if the dry season is at the time of high sun/long days.
There was no specific monsoon climate identifier in the original scheme, but Am was
added later, with the same parameters as Kdppen's (except that at least three months, rather
than one, must have less than 60mm average precipitation).

- Group B: BW and BS mean the same as in the Képpen scheme, with the Képpen BWn
climate sometimes being designated BM (the M standing for "marine"). However, a
different formula is used to quantify the aridity threshold: 10 X (T — 10) + 3P, with T
equalling the mean annual temperature in degrees Celsius and P denoting the percentage of
total precipitation received in the six high-sun months (April through September in the
Northern Hemisphere and October through March in the Southern). If the precipition for a
given location is less than the above formula, its climate is said to be that of a desert (BW);
if it is equal to or greater than the above formula but less than twice that amount, the
climate is classified as steppe (BS); and if the precipitation is more than double the value of
the formula the climate is not in Group B. Unlike in K&ppen's scheme, no thermal subsets
exist within this group in Trewartha's, unless the Universal Thermal Scale (see below) is
used.

- Group C: In the Trewartha scheme this category encompasses subtropical climates only
(8 or more months above 10 °C). Cs and Cw have the same meanings as they do in
Koppen's scheme, but the subtropical climate with no distinct dry season is designated Cr
instead of Koppen's Cf (and for Cs the average annual precipitation must be less than
890mm [35 inches] in addition to the driest summer month having less than 30mm
precipitation and being less than one-third as wet as the wettest winter month).

- Group D: This group represents temperate climates (4 to 7 months above 10 °C).
Maritime temperate climates (most of Koppen's Cfb and Cwb climates, though some of
these would fit into Trewartha's Cr and Cw respectively) are denoted DO in the Trewartha
classification (although some places near the east coasts of both North America and Asia
actually qualify as DO climates in Trewartha's scheme when they fit into Cfa/Cwa rather
than Cfb/Cwb in Koppen's), while continental climates are represented as DCa (Koppen
Dfa, Dwa, Dsa) and DCb (Ko&ppen Dfb, Dwb, Dsb). For the continental climates,
sometimes the third letter (a or b) is omitted and DC is simply used instead, and
occasionally a precipitational seasonality letter is added to both the maritime and
continental climates (r, w, or s, as applicable). The dividing point between the maritime and
continental climates is 0 °C in the coldest month, rather than the K&ppen value of —3 °C (as
noted in the section on the K&ppen scheme, however, some climatologists — particularly in
the United States — now observe 0 °C in the coldest month as the equator ward limit of the
continental climates in that scheme as well).

- Group E: This represents subarctic climates, defined the same as in Kdppen's scheme (1
to 3 months with average temperatures of 10 °C or above; Koppen Cfc, Dfc, Dwc, Dsc,
Dfd, Dwd). In the original scheme, this group was not further divided; later, the
designations EO and EC were created, with EO (maritime subarctic) signifying that the
coldest month averages above —10 °C, while EC (continental subartctic or "boreal") means
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that at least one month has an average temperature of —10 °C or below. As in Group D, a
third letter can be added to indicate seasonality of precipitation. There is no separate
counterpart to the Koppen Dfd/Dwd climate in  Trewartha's scheme.

- Group F: This is the polar climate group, split into FT (Képpen ET) and FI (Képpen EF).

- Group H: Highland climates, in which altitude plays a role in determining climate
classification. Specifically, this would apply if correcting the average temperature of each
month to a sea-level value using the formula of adding 5.6°C for each 1,000 meters of
elevation would result in the climate fitting into a different thermal group than that into
which the actual monthly temperatures place it. Sometimes G is used instead of H if the
above is true and the altitude is 500 meters or higher but lower than 2,500 meters; but the G
or H is placed in front of the applicable thermal letter rather than replacing it — and the
second letter used reflects the corrected monthly temperatures,

not the actual monthly temperatures.

- Universal Thermal Scale:

An option exists to include information on both the warmest and coldest months for every
climate by adding a third and fourth letter, respectively. The letters used conform to the
following scale:

1 — severely hot: Mean monthly temperature 35 °C or higher
h — very hot: 28 to 34.9°C

a— hot: 23 to 27.9°C

b — warm: 18 to 22.9°C

1 —mild: 10 to 17.9°C

k —cool: 0.1 to0 9.9°C

0—cold: 9.9 to 0 °C

¢ — very cold: —24.9 to —10 °C

d — severely cold: —=39.9 to —25 °C

e — excessively cold: —40 °C or below.

9.4.3. Aydeniz’s Climate Classification

YxNn
Formula: Nks= x Np (yillik)
SxGS+15
1
Drought coefficient = Kks = dir. (DMI, 1988)
Nks
Where:
Y : Precipitation
Nn :RH
S : Temperature
G : Sunshine
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Np : percentage of humidity period (N.of Nks > 0.40/12). In monthly
calculation Np=12

Table 3 Aydeniz index and climate types

Kks Characteristic Nks

>2.50 Desert <0.4
1.50-2.50 Very dry 0.40 - 0.67
1.00 - 1.50 Dry 0.67 —1.00
0.75-1.00 Semi dry 1.00 -1.33
0.50-0.75 Semi-humide 1.33-2.00
0.25-0.50 Humide 2.00-4.00
<0.25 Wet >4.00

Climate Classifications of Turkey By Aydeniz Method

‘imﬂa ﬂ@ | m ¥
7o o

Aydeniz dry coefficient

ﬁ Kks=1I(Y"Nn"Np)/(S*Gs+15)
I 0.12-0.25 Very humid

A [ 0:26-0.50 Humid

A [ ]os1-075 Semihumid

[ ]ov6-100 Semidry
[ 1101-150 Dry

T T LR T N, | ] 151-250 Verydry

Sensoy. 5, 2007, TSMS,

Figure 9.15 Climate Classifications of Turkey By Aydeniz Method (Sensoy S, 2006)

The driest regions are the Karaman, Malatya, Igdir and Sanlurfa, where annual rainfall
frequently is less than 300 millimeters. The wettest regions are the Black Sea coastal
regions where annual rainfall can reach 2,200 millimeters annually.

9.4.4. De Martonne’s Climate Classification

De Martonne Climate Classification considers precipitation and temperature with
the other parameters. Beside the annual precipitation and temperature, January and July
precipitation and temperature have been considered in calculation. Annual precipitation
amount give the possibility to separate rainy and dry climate. To determine dry period it’s
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important evaporation beside the precipitation. (DMi,1972). De Martonne annual dry
indices formula which generated with Gottmann are as follows:

L=(P /(T +10)+ (12 * p /(t + 10)))/2

Where;

10 = Constant
P = Precipitation

T = Mean temperature(°C).

p = July precip. (mm);

t = July Temp.(°C)

Calculation for Konya;
L, =(315/(11.5+10) + (12*3.7/(22.9+10)))/2 =8
According to result Konya is step climate

Table 4. De Martonne index and climate types

Climate types | dry index
Desert 0-5
Step 5-10

 Step- 10 - 20
moist
Semi

humid 20-28
Humid 28 - 35
Very

humid 3535
Wet > 55

) <0 (T<
Arctic 50)

7 A a 7E

260

=)

a0
]

Climate Classifications of Turkey by De Martonne Method

De Martonne dry index

la=(Pi{T+10)+{12"pl{t+10)} )12

B - 72 wet

B = - 55 very humid

[ 29 - 35 humid

|:| 21 - 25 semi humid
[ ]1-20 step-s.humid

[ ]8-10 semidry

Sensoy. ., 2007, TSMS

Figure 9.16 Climate Classifications of Turkey by De Martonne Method (Sensoy, S., 2006)




9.4.5. Erinc’s Climate Classification

Indice generated by precipitation/mean temperature give the wrong result (more
humid than reality) in terrestrial area. For this reason Ering take mean maximum
temperature instead of mean temperature for his calculation. In his formula some months
dont be considered where mean maximum temperature below 0°C due to there is no
evaporation there.

Precipitation effectivness indice Im= Ti where,
om

P = annual total precip. (mm),

Tom = annual mean max. temp. (Ering, S., 1984)

Ering defined 6 climate type according to index result:

Table 5. Erin¢ index and climate types

Climate types | index (Im) | Plant cover
Very dry <q Desert

Dry 8-15 Desert-step
Semi dry 15-23 Step

Semi humid | 23-40 Dry forest
Humid 40-55 Moist forest
Very humid | >55 V. Moist forest

Climate Classifications of Turkey by Erinc Method

R
==

Precipitation effectivness indice

(% Im=PJ/Tomax
N [ 3-15 Dry

A [ ]16-23 Semidry
[ ]24-40 Semihumid
|:| 41-55 Humid
175 &5 ] 175 250 525 700 - 56- 122 Very humid
e ™ ™ il omet Senzoy. 5.,2007, TSMS

Figure 9.17 Climate Classifications of Turkey by Erinc Method (Sensoy, S., 2006)
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9.4.6. Thornthwaite’s Climate Classification

Thornthwaite climate classification depends on precipitation - evaporation and
temperature - evaporation relations. According to Thornthwaite, if precipitation more than
evaporation there soil is wet. On the other hand, if precipitation is less than evaporation
there is water deficit there. Soil couldn’t be given enough water to plant. So this area is dry.

Rainfall effectiveness indice Table 6. Thornthwaite index and climate types
1m =100 8—60d where; Im Letter | Climate types
ETP >100 A Very humid
100-80 B4 Humid
S = annual water surplus, 80-60 B3 Humid
d = annual water deficit 60-40 B2 Humid
ETP = annual evapotranspiration 40-20 Bl Humid
20-0 C2 Semi humid
0-(-20) C1 |S. dry-less humid
Calculation for Sanliurfa: -20-(-40) D Semi dry
_ ~40-(-60) E Dry
I (100x193) - (60x761.8) _ 26
1030

Sanlurfa 1st. letter is D

Climate Classifications of Turkey by Thornthwaite Method

208 H fr

& 7 mm anikara @ 7 et ] e . 7
S I e
o m KRS g Wl i ST, o
@ Precipitation effectivness indice
% Im={{100~S)-({60"d)/ETP
I - 134 Avery humid

B =1 - 100 B4 Humid

N [ s1-80 B3 Humid
A [a1-60  B2Humid
[ ]21-40 B1Humid

[ ]1-20 2 Semihumid

-12-0 ] i
75 =75 ] 175 50 25 700 l:l Cc1 S.dry less humid
e i [ 40-20 D Semidry

Sensoy. 5.,2007, TSMS

Figure 9.18 Climate Classifications of Turkey by Thornthwaite Method (Sensoy, S., 2006)
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9.4.7. Climate diagrams

Climographs are plots of climatic data. Climographs usually consist of two climatic
elements plotted through an annual cycle.

ANTALYA IKLIM DiYAGRAMI HOPA IKLIM DIYAGRAMI
300 n 340 20
20 1 % 300 4 L0
g 200 4 19 | ¢ e o
E x | E 200 1 P 150 =
@ 150 1 115 % @ z
= s = 180 4 L100 B
£ 100 1 110 3 L 7
100 L
50 1 1L 5 £0 r5.0
] i = I _ I
g 1 {2 zTals]e 7 ea Jro |1z AE}'E" 4 A%l:r
‘- yagismm (250 (17085 (41 |25 |10 | O | O |10 (60 |120(235 |-yagis tnin |206|158 137 | 87 |90 [139 (139|175 (242 (307 (233 [229
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Figure 9.19 Climate diagram of some cities in Turkey

Antalya graph represent rainy winter, hot and dry summer (Mediterranean climate) while
Hopa graph represent rainy mild climate in every month (Black Sea climate)

- ANTALYA ILI KLIMOGRAMI ;nurg HOPA ISTASYONU KLiIE!'IOGRAMI
300
- 200
i 100
0 10 20 A a0 ec ] 10 20 N 30 °C

Figure 9.20 Climogram of some cities in Turkey
If obtained shape is long as Antalya’s it means that there is big difference between seasons.

If shape is spherical like Hopa’s it means that there is no big difference between seasons in
terms of temperature and precipitation.
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9.5 Heat Index °F (°C)

RELATIVE HUMIDITY (%)
Temp. 40 45 a0 55 60 63 Fil 73 80 i) 90 95 100

110 136
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By @9 @) @3 B2 (33 @4 (5 (38 68 @3 @1 (@2 44
84 B3 B4 B85 B85 85 B9 90 2 94 95 95 100 103
29 @8 @ @9 60 6 @) (62 (38 (34 G5 G (68 69
82 Bl 82 83 B4 84 85 B 83 83 90 91 93 95
@28 @) @ @8 @29 2% @3 G0 (1 (32 @2 (33 (3] (3
80 BO B0 81 B1 82 B2 B3 84 B4 B85 B B6 6B7

27 (27 @) @) @) 8 @8 @8 @) @ @ B30 &30 31

Heat
Index
Extreme 130°F, 54°C
Danger ar hlghEr

105 - 123°F Sunstroke, muscle cramps, andfor heat exhaustion likely. Heatstroke possible
(A1 - 54°C) with prolonged exposure andfor physical activity.

Category Possible heat disorders for people in high risk groups

Heat stroke or sunstroke likely.

Danger

Extrerme 80 - 105°F  Sunstroke, muscle cramps, andfor heat exhaustion possible with prolonged

Caution (32 - 41°C) exposure andfor physical activity.
Caution -8 i Fatigue possible with pralonged exposure andfor physical activity
(27 - 32°C) '

Formula to calculate Heat Index:

(HI) =-42.379 + 2.04901523(T) + 10.14333127(RH) - 0.22475541(T)(RH) - ((6.83783
x1073)(T*2) - ((5.481717 x 1072)(RH"2) + ((1.22874 x 10"3)(T"2)(RH)) + ((8.5282 x
1074)(T)(RH"2)) — ((1.99 x 1076)(T"2)(RH"2))

(NOAA, web site) http://www.srh.noaa.gov/ssd/html/heatwv.htm
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9.6. Climate Atlas

Long term corrected, quality controlled, homogenized climate data are required for
climate atlas studies. Last official climatic period is 1961-2000 by WMO but most of the
countries changed their climatic period as 1971-2000.

To produce climate Atlas of Turkey, we are using 1971-2000 climatic period.
Geographic variables are measured at certain points, and prediction map for the entire area
is been obtained by some spatial interpolation methods. Spatial distribution of geographic
data can be obtained only from this data and also prediction map can be obtained by using
secondary variables which have spatial relationship with the measured values (Bostan,
P.A., etal, 2007)

Geographically Weighted Regression (GWR) and Co-kriging methods can be applied
in the modelling of parameters. GWR is the multi-faceted approach to the analysis of
spatial data. GWR opens a window through the data set to calculate local r2 (Laffan, 1999).
Co-kriging is an extension of ordinary kriging method which takes into account the spatial
cross-validation between two or more data.
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Figure 9.21 Solar energy atlas of Turkey

There are 522 maps related to 34 climate parameters, 130 maps related to counted
days, and 27 climate indices maps totally 679 maps have been created (Figure 40.)
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Summary

Climate varies from location to location, and with time. Climatology and
paleoclimatology attempt to organize the complex and varied climates of the world through
classification systems. It is quite amazing that, through scientific evidence, we have a
general idea of Earth's climate since the beginning of Earth's history.

Evidence indicates that during most of the Earth's past 500 million years the Earth was
a more genial climate than today. This mild climate was interrupted by occasional ice ages.
Climatic zones where present, but were less distinct than they are today. Several theories
have been put forth to explain the change between glacial and interglacial periods.
Continental drift is an important part of understanding very long-term climate changes.
Additional theories, variations in the Earth's orbit, changes in the output of the sun, and
changes in atmospheric composition.

Over the past 20 years, global temperatures have steadily increased. Some of this
increase may be a result of human activity.

Today, the Koppen based climate classification is the most widely used scheme for
mapping climates of the world. The Kdppen scheme is just one method of classifying
climate. Different schemes could be developed based on the purpose of the user. For
example, the K&ppen scheme would not be very useful for wind energy applications. A
scheme could therefore be devised that is based on wind speed and direction. For
hydrological applications we might want a scheme based on the type of precipitation, not
just monthly mean precipitation. Thornthwaite developed a classification scheme based on
the water budget of a region.

To know total heating and cooling degree-days are very important in order to calculate
energy demand for heating and air conditioning of building. If daily mean temperature is
above 15°C there is not necessary to heat. Heating cost is directly related with annual HDD.
For this purpose firstly 30 years average (normal) HDD shuld be calculated. If the annual
total fuel cost devided with mean annual HDD, this is the heating cost for 1 HDD. This
indice can be use for future calculation.

HDD could be used also to compare intensity of winter season with the other winters. HDD
also needed parameter by construction sectors while design of building in order to
calculate, insulation, heating and cooling cost.

Under future climate change demand for heating decreases and demand for cooling
increases (Santos et al., 2002) Estimated up to 10% decrease in energy heating
requirements and up to 28% increase in cooling requirements in 2030 for the southeast
Mediterranean region. Summer space cooling needs for air conditioning will particularly
affect electricity demand (Valor et all., 2001). GIS software usage in climatological
applications makes increase in product quality and monitoring capability. So the end-users
could be understand their lived temperatures were below or above normal, or understand
why their energy demand increased.
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If we know the status of the climate today and the differences between this and the
recent past, we can begin to plan for the future. (Obasi G.O.P, 2001)
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