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Estimation of Climate Change Impacts

Abstract

In this paper global and local climate formation factors are defined. As a base for local climate valorization, spatial distribution of the main climate elements and phenomena is presented, along with the characteristics of actual climate in the country.

An overview of the indigenous climate types is given, including climate analysis and climate characteristics of particular areas. 

For presenting the climate change in the 20th century, an analysis of the trends (variations and fluctuations) for the main climate elements (air temperature and precipitation) was made. The procedure was repeated for five meteorological stations: Skopje, Bitola, Stip, Prilep and Demir Kapija for the period 1926 - 2000.

For the computer analysis, the software package "MAGICC and SCENGEN", implementing universal methodology applicable to all countries, are employed.

Climate scenarios that were used are: HadCM2- scenario, UKTR- scenario, UKHI-EQ-scenario (from the British Meteorological Office), CSIRO-EQ-scenario (used by the Australian Research Institute), CISIRO2-EQ-scenario and CCC-EQ-scenario (of the Canadian Climate Center).

Using these scenarios we made cumulative (integral) predictions of the main climate elements (air temperature and precipitation) for following years: 2010, 2025, 2050, 2075 and 2100. Predictions are based on two types of emissions scenarios (IS92a and IS92c).

It can be noticed that the scenario IS92a (so-called pessimistic scenario) yields the average air temperature between 2.5ºC in the year 2075 and 3.2ºC in the year 2100, compared to 0,4ºC in year 2000. Concerning the precipitation, this scenario predicts decrease of 3.4-4.4% in the period 2075-2100 compared to the period 1961-1990. 

The changes of climate and its fluctuations and variations imply some changes in many sectors, such as: agriculture, forestry, water resources, health care, fishery and eco-systems, as well as urban planning and socio-economic development. 

1. ANALYSIS OF CURRENT CLIMATIC CONDITIONS

Climate in Republic of Macedonia is influenced by several factors with different spectrum of influences: circulative, solar, physical-geographycal and anthropogenic that are local. First three types of factors were considered as primary factors while the fourth factor was considered as it was with secondary importance. However, last hundred years (more exactly last twenty years), under the influence of fossil fuel usage and physical-chemical components in the atmosphere structure, the influence of the fourth factor (anthropogenic factor) is more expressed and it becomes one of the more dominant factors of climate.

Although Republic of Macedonia is  relatively small country, its territory is covered by different types of climate: from continental, changed continental, sub-Mediterranean (changed maritime) to mountainous climate with various subtypes. At the territory of Republic of Macedonia the influences of the Mediterranean and the continent  overlap, with different spectrum of influences. Determining and limiting of different types of climate is not an easy task. The complexity of determining and valorization of climate is that because there is not sufficient number of investigations in this field by different authors as well as because there is not sufficient number of meteorological-climatological information especially in mountainous regions, and also there is no  complex strategy for monitoring the components of climatic system (from all fields of climatic system).

Using the definition of climate as a synthesis of weather situations that is types of weather which is conditioned by circulatory, solar, physical-geographical and anthropogenic factors in a certain time period in which average and extreme values of meteorological-climatological elements and phenomena are measured, which from the other side influence upon life nature (man, plants and animals), as well as upon the soil  (Ristevski P. and coll.1998), it is remarked that the circulatory, radiation and physical-geographical factors are dominant factors and  influence the climate in Republic of Macedonia.

1.1   The former investigations on climate in Republic of Macedonia  and problems about climatic valorization 

It is known from the literature that for the territory of Republic of Macedonia there are different valorizations of climate according to the region (Filipovski Gj. 1955, Panov M. 1976, Kirovski P 1970, Ristevski P. 1982 etc.) and the last book by Filipovski, Rizovski and Ristevski 1996, in which there is shown that beside the horizontal arrangement of climates (types and subtypes) another vertical arrangement is made where vegetation and soil and their interactive relations are taken in consideration. On that way mountainous climate is divided into several types: alpine, sub-alpine, mountainous etc. which were not the topic of investigation by some scientists or experts in Republic of Maceedonia  untill now.

In this case we will use modified Keppens classification (Ristevski,1982) applied on the territory of Republic of Macedonia with specifications of climate for this territory and characteristic borders for the coldest month in the year (January) –3°C, 0°C and +3°C, as well as characteristic borders 19 °C, 22 °C and 25 °C in the hottest month in the year (July or August). Characteristic borders define the common values a,a,b and b in climatic formulas. In the common formulas it is represented as a > 25 °C; 22 °C < a < 25 °C; 19 °C < b < 22 °C and b < 19 °C. On that way on the territory of Republic of Macedonia the different number of climatic regions appear in horizontal and vertical directions.


.


In the papers of Makjanic B. (Makjanic B. 1990) and Milutinovic A. (Milutinovic A. 1974) because there were no data of high regions (from the meteorological stations: Popova Sapka, Mavrovi Anovi, Lazaropole and Solunska Glava) and because of inadequate access to other data, it was not noticed that at the mountainous regions in Republic of Macedonia alpine (E-climate) and sub-alpine climate or snow-forest (D-climate) exist. According to Makjanic B. on the territory of Republic of Macedonia there are climatic regions of moderate type (Cs, Cfsa etc.) at which Keppens classification is not correctly applied. By correctly access and appropriate modification of this classification for the territory of Republic of Macedonia (Ristevski P. 1982) it is shown that in this part of Balkan Peninsula there are climatic regions with sub-Mediterranean, changed-continental, steppe, sub-alpine and alpine characteristics. 


Climatic-zone valorization of Republic of Macedonia is not completely horizontal with the surface of sea level. More climatic factors with different spectrum of impacts influence  upon the zonal arrangements of climate depending on height above sea level. The changes of meteorological-climatological elements and phenomena depending on height above sea level in the central part of Republic of Macedonia  where changed continental or only continental pluviometric regime appears in the areas of sum-Mediterranean climatic regions and in other parts with Mediterranean pluviometric regime are different at spatial-climatic
valorization in Republic of Macedonia. At first it should be divided the regions where Mediterranean pluviometric regime exists from the region with changed Mediterranean pluviometric regime, (or only changed continental and continental pluviometric regime)  and depending on height above sea level other meteorological-climatological elements and phenomena should be included depending on their changes.
According to the experiences of the climatic classifications and adequate access for the territory of Republic of Macedonia we differ the following  more homogeneous  climatic  regions and sub-regions(Filipovski Gj. and coll. 1996):

1. Region  with sub-Mediterranean climate (50 - 500 m)

2. Region with moderate-continental-sub-Mediterranean climate(to600 m)

3. Region with hot continental climate (600 - 900 m)Region with cold continental climate(900 - 1100 m)

4. Region with sub-forest-continental-mountainous climate(1100-1300 m)

5. Region with forest-continental mountainous climate(1300 - 1650 m)

6. Region with sub-alpine mountainous climate (1650 - 2250 m)

7. Region with alpine mountainous climate ( hs >2250 m)

Spatial arrangements of climatic regions are represented at the Map 1.

2. ASSESSMENT OF CLIMATIC TRENDS IN THIS CENTURY


On the basis of  temperature and precipitation results for the period from 1926 to 2000 in Republic of Macedonia for 5 meteorological stations which have the longest series of data, the investigations of variations of these two elements are performed on the basis of which future climatic changes can be estimated in the 21st century. These 5 meteorological stations are located in different climatic areas in Republic of Macedonia and they represent main climatic types. 


Because of fast changes which occur from year to year and because of other not periodical  influences, changes of climatic situations can be estimated on a unique way. For that purpose some levelings or so-called ironing of series of basic climatic indicators are made, on the basis of other  drawn climatic parameters by which valorization of climatic change can be carried out. Such are the following parameters of climate: coefficients of continental and maritime climate, changes of average annual amplitude and the amplitude according to extreme  values,   many  years  changes  of   indices   of  drought   according   to de Martone, Lang and Seljaninov, then changes of average datum, final datum and length of period with air temperature greater than 10 oC, number of frost and very cold days and number of tropic days etc.


For the necessities of this project levelings of series of air temperature and precipitation are performed according to the following methodology: Data of the previous two years as well as data of the following two years influence  every analyzed value which is made average. Making average is performed according to the formula: (Xn-2 +4Xn-1 +6Xn +4Xn+1 + Xn+2)/16.  The previous formula contains the coefficients of Pascals  triangle of fourth order (fourth exponent) in mathematics known for estimation of n over k (    ),(Ristevski P. and coll. 1994)


Characteristics of the changes of temperatures and precipitation are shown for 5 meteorological stations of Republic of Macedonia (Skopje, Bitola, Prilep, Stip and Demir Kapija) for annual values for January and July values for the period from 1926 to 2000 (Graphs1and Graphs2). It means that  only data for region with continental-sub-Mediterranean climate are available, as well as region with hot continental climate.


According to the attached Graphs the following analyses and conclusions can be drawn for January and July as well as for the annual values.

2.1 Air  temperature


Changes in thermic regime of the air in the period from 1926 to 2000 during January are rapid changeable values and in the period from 1926 to 1938 are over average ones. The hottest period occurred in the period from 1970 to 1972 when air temperatures were measured and on appropriate way leveled and which are in the limits between 4.1 °C in Skopje and Bitola, 3.8 °C in Prilep, 5.3 °C in Stip to 6.1 °C in  Demir Kapija. The lowest values  were  recorded  1942 (-6.6 °C in Bitola and Prilep, -6.7 °C in Skopje, -4.5 °C in Stip and -4.6 °C in Demir Kapija), 1975   (-7.7 °C in Bitola and -4.8 °C in Prilep), 1993 (-7.2 °C in Bitola and -4.9 °C in Prilep) and in January 2000 (-6.8 °C in Bitola and -5.4 °C in Prilep).


During July greater stabilities of the values appeared where the higher values than average ones appeared in the period from 1926 to 1964 and from that time determined decreasing of temperatures began in that month which last to 1988 when the maximum  appeared which is between 25.6 °C in Bitola to 25.7 °C in Prilep, 27.1 °C in Stip, 28.2 °C in Demir Kapija to 27.0 °C in Skopje. The lowest value of long cold period appeared 1976 when average air temperature was 19.8 °C in Bitola and Prilep, 21.4 °C in Stip, 22.8 °C in Demir Kapija to 21.3 °C in Skopje.


Changes of air temperature during the year are shown at Graphs (Figure 1.3). The hotter years in 20th century happened in Republic of Macedonia in the period of the beginnings of the analysis (1926) to 1966 when period with determined decreasing of air temperature began  and lasted to 1991. From that period determined trend of increasing of annual air temperature has appeared. The lowest value of air temperature appeared 1975 when the following annual values were recorded: 10.1 °C in Bitola, 10.6 °C in Prilep, 12.6 °C in Stip, 13.0 °C in Demir Kapija to 12.0 °C in Skopje.

2.2 Precipitation


Changes in precipitation in Republic of Macedonia are investigated also for the five above mentioned meteorological stations: Bitola, Skopje, Prilep, Stip and Demir Kapija  for the annual values for the most precipitative months: November and May as well as for the driest month in Republic of Macedonia (August).


According to the Appendixes of many years changes at Figures 2.1, 2.2, 2.3 and 2.4 the following can be noticed: on the basis of annual sums of precipitation common trend of decreasing of precipitation can be remarked especially from 1984 which are more expressive in the eastern parts of Republic of Macedonia. The common decreasing of precipitation occurred at May precipitation especially from 1980 (for example in Prilep and Stip) as well as at November precipitation in the period from 1984 untill now. August monthly sums of precipitation are very changeable values and they vary from year to year at each station. The change of precipitation in Bitola and Prilep is characteristic. The most characteristic dry period was between 1984 and 1994. 

3.REVIEW OF POSSIBLE FUTURE CHANGES IN CLIMATE

3.1 Types of scenarios for the expected climate changes

There are two types of climatic scenarios: scenarios for climate changes in the past and scenarios for the climate changes in the future. According to Intergovernmental Panel on Climate Change (IPCC, 1992) there are definitions for the climatic scenarios components for the future as follows: climatic scenario, projection  of climate and scenario for climate changes.

Climatic scenario is probable, t. e. possible prediction of future climate which is under influence of elements of greenhouse gases and other pollutants in the structure of climatic system.

According to Working Group 1 (WG I) of Intergovernmental Panel on Climate Change (IPCC, 1992) the term projection of climate presents response to climatic system through scenarios of elements of greenhouse gases and aerosols which are simulated by climatic models.

Under the concept scenario of climate changes it is understood the difference between the most probable future climate and permanent climate which is usually shown by climatic models. 

However, scenarios are developed on the basis of information of past, present  and predicted climatic conditions.

For working out of climatic scenarios and influences estimations the following types of information are used:

1.  Natural influences upon climate

2.  Anthropogenic influences upon climate

As natural influences upon climate the following can be mentioned: relation between Earth, as a planet, and Sun and its slope towards plane of ecliptic, intensity of solar radiation as well as volcanic eruptions.

As anthropogenic influences upon climate the influences of pollutants using fossil fuel can be mentioned such as: petroleum, fuel wood etc., and the influence of land usage as well.

3.2 Scenarios for prediction of climate changes in the future

There are more types of scenarios for prediction of climate changes in 21st century. These scenarios can be divided into three types of scenarios: (UNEP, 2000)

1.  Scenarios based on global atmospheric circulation (GAMs)

2.  Synthetic scenarios

3.  Scenarios based on methods of analogy

The first group of scenarios includes scenarios in which characteristics of atmosphere, oceans, ice and surface processes of low layer of the land t.e. climatic system are shown by mathematical models and these characteristics are based on physical-meteorological laws and appropriate empirical relations and functional dependences based on physical laws.

The second group includes any scenarios  based on partial changes of main meteorological variables such as precipitation and air temperatures. Air temperatures changes which are between 2oC and 4oC (according to these scenarios) can be combined with the precipitation changes between (10% or (20% and then the future climate changes are obtained.

The period from 1961 to 1990 is used at estimations.

At third group of scenarios climate of hot period of the year is used for prediction of climate in future. By these scenarios the condition of  one location is used as scenario for future climate in analyzed region.

Analyzing data which are used from the meteorological stations network located in lowlands and agricultural regions at which measurements are performed by professional observers, in the next period data from upper meteorological stations will be included (for example stations in Krusevo, Lazaropole, Mavrovi Anovi, Popova Sapka and Solunska Glava) at which values of gradients of climatic elements and phenomena according to height zones will be obtained depending on height above sea level when there will be possibilities for preparing charts (e.g. in GIS-technology).

3.3 Application of the  most famous scenarios for the territory of Republic of Macedonia

Investigating the climate changes in 21st century 6 climatic scenarios are used according to CD-MAGIC SCENGEN (Humle at all. 1995) as well as CD-MAGIC (version 2.4 dated 2000) published by IPCC (Second Assessment, 1996).

Using the software of more climatic scenarios (of the total 17 scenarios) the choice of 6 the most famous scenarios is made by which the assessment of integrated values of air temperature and precipitation as well as other climatic parameters is carried out for the necessities of main sectors of climatic influences as follows: cloudiness, tension of water vapor, mean wind speed and extreme air temperature.

Separately those climatic scenarios (which are used at the analysis) are: HadCM2-scenario, UKTR-scenario, UKHI-EQ-scenario which are used by Meteorological Service of United Kingdom, CSIRO1-EQ-scenario which is used by Australian Scientific Investigation Institute, CISIRO2-EQ-scenario, CCC-EQ-scenario which is used by Canadian Climatic Center.

On the basis of the above mentioned scenarios the sum predictions of main climatic elements are made (air temperature and precipitation for the following period of time in 21st century ( 2010, 2025, 2050, 2075 and 2100).

These predictions are investigated for the following states: for emission scenario IS92a (IPCC1995) and for the emission scenario IS92c (IPCC 1995). According to the first scenario  accumulated emission of CO2 in the atmosphere in the period from 1990 to 2100 is predicted to be 1500GtC, while according to the second scenario accumulated emission of CO2 is predicted to be 770GtC.

It is remarked that significantly the worse  results are obtained according to the so-called pessimistic scenario where the mean annual air temperatures are in the limits between 2,5oC in 2075 and 3,2oC in 2100. For the same scenario the average sum of precipitation will be decreased between 3,4% and 4,4% in comparison with the period from 1961 to 1990.

Results of this investigation are presented at Tables 1;2;3;4 and 5 according to that the significant changes of climate are expected in 21st century (for the air temperature and precipitation).

Table 1. Changes of annual air temperature and precipitation during the 21st century according to 6 the most famous scenarios obtained from UNDP (MAGICC and SCENGEN) in 21st century for emission scenario IS92a and emission scenario IS92c 

	
	IS92a
	IS92c

	Year
	temperature,o C
	precipitation, %
	Temperature,o C
	precipitation, %

	2000
	0,4
	-0,5
	0,3
	-0,5

	2010
	0,6
	-1,1
	0,5
	-1,0

	2025
	1,0
	-1,4
	0,8
	-1,2

	2050
	1,7
	-2,4
	1,3
	-1,8

	2075
	2,5
	-3,4
	1,6
	-2,2

	2100
	3,2
	-4,4
	1,7
	-2,4


Table 2. Changes of January air temperature and precipitation during the 21st century according to 6 the most famous scenarios obtained from UNDP (MAGICC and SCENGEN) in 21st century for emission scenario IS92a and emission scenario IS92c 

	
	IS92a
	
	IS92c
	

	Year
	temperature,o C
	precipitation, %
	Temperature,o C
	precipitation, %

	2000
	0.4
	0.7
	0.3
	0.7

	2010
	0.6
	1.2
	0.5
	1.1

	2025
	1.0
	2.0
	0.8
	1.6

	2050
	1.7
	3.4
	1.3
	2.5

	2075
	2.4
	4.8
	1.5
	3.1

	2100
	3.1
	6.3
	1.7
	3.4


Table 3. Changes of July air temperature and precipitation during the 21st century according to 6 the most famous scenarios obtained from UNDP (MAGICC and SCENGEN) in 21st century for emission scenario IS92a and emission scenario IS92c 

	
	IS92a
	
	IS92c
	

	Year
	temperature,o C
	precipitation, %
	Temperature,o C
	precipitation, %

	2000
	0.4
	-2.5
	0.4
	-2.4

	2010
	0.7
	-4.0
	0.6
	-3.7

	2025
	1.2
	-6.8
	1.1
	-5.7

	2050
	2.0
	-11.8
	1.5
	-8.8

	2075
	2.9
	-16.8
	1.9
	-10.7

	2100
	3.7
	-21.7
	2.0
	-11.6


Table 4. Changes of  Winter (December, January and February) air temperature and precipitation during the 21st century according to 6 the most famous scenarios obtained from UNDP (MAGICC and SCENGEN) in 21st century for emission scenario IS92a and emission scenario IS92c 

	
	IS92a
	
	IS92c
	

	Year
	temperature,o C
	precipitation, %
	Temperature,o C
	precipitation, %

	2000
	0.4
	0.4
	0.3
	0.3

	2010
	0.6
	0.6
	0.6
	0.5

	2025
	1.0
	1.0
	0.9
	0.8

	2050
	1.8
	1.7
	1.3
	1.3

	2075
	2.5
	2.4
	1.6
	1.5

	2100
	3.2
	3.1
	1.7
	1.7


Table 5. Changes of Summer (June, July and Avgust) air temperature and precipitation during the 21st century according to 6 the most famous scenarios obtained from UNDP (MAGICC and SCENGEN) in 21st century for emission scenario IS92a and emission scenario IS92c 

	
	IS92a
	
	IS92c
	

	Year
	temperature,o C
	precipitation, %
	Temperature,o C
	precipitation, %

	2000
	0.4
	-2.0
	0.4
	-1.9

	2010
	0.7
	-3.2
	0.6
	-2.9

	2025
	1.1
	-5.4
	0.9
	-4.6

	2050
	1.9
	-9.5
	1.4
	-7.0

	2075
	2.8
	-13.4
	1.8
	-8.6

	2100
	3.5
	-17.3
	1.9
	-9.3


The results of investigations of expected climate changes are represented which will happen during the 21st century for the coldest month (January) in Table 2, for the hottest month (July) in Table 3, as well as for the winter months (December, January and February) in Table 4 and also for the hottest months (June, July and August) in Table5.

During January and the winter months the temperatures and precipitation will increase, while during July and the summer months the temperatures will increase but  precipitation will significantly decrease.

According to the emission scenario IS92a so-called “business and use” in 2100 the mean monthly air temperatures will increase for 3.1oC (in January), 3.2oC in winter while the precipitation will increase for 6.3% in January to 3.1% during the winter months. From the other side according to the emission scenario IS92c significantly different values of  temperatures and precipitation will appear. According to this emission scenario the mean air temperature  will increase for 1.7oC in January and during the winter, while the precipitation will increase for 3.4% in January and 1.7% during the winter.

Mean monthly air temperatures will increase during the hottest month of the year (July), as well as during the summer. Air temperature increasing will be in the limits between 3.7oC in July and 3.5oC during the summer, according to the emission scenario IS92a while the precipitation will decrease between 21.7% in July and 17.3% during the summer. According to the emission scenario “more moderate” values will appear as follows: mean air temperature will be in the limits between 2.0oC in July and 1.9oC during the summer, while the precipitation will decrease between 11.6% in July and 9.3%.


3.4 Climatic scenarios for limited region of the Balkan Peninsula

Climatic scenarios for limited regions of the world are worked out and applied for the territory  of the Mediterranean (Jeftic at all 1996) as well as for the influence of Adriatic Sea upon the territory of Balkan Peninsula when the period of observations from 1951 to 1988 is used for about 100 meteorological stations from Balkan Peninsula, from which several meteorological stations from Republic of Macedonia (UNDP, MAP 1996).

For that purpose the following prerequisites and predictions for determining the climate changes are used:

1.  Period from 1951 to 1988 is used

2.  Assessments are made for all seasons as well as the coldest and the hottest month of the year

3.  Presentation of climatic characteristics is made at the greater territory of Balkan Peninsula.

On the basis of these investigations towards the end of 21st century according to the appropriate scenario over the territory of Republic of Macedonia it is predicted to appear the following changes (for air temperature and precipitation), (CRU 1992 and UNEP, MAP 1994): during the year over the whole territory of Republic of Macedonia the mean air temperature will be increased for 1,2 to 1,4oC, while the precipitation will be decreased for 2% to 5%. In this study investigations for seasonal climate changes are presented according to which it is expected to appear significant climate changes.

Air temperature increasing will not be equal for all parts of the Earth. The greatest warming will appear at the poles, while the least warming will appear at the equator.

At the north latitude between 45-70oN, the length of vegetation period will be averagely increased  between 12 and 18 days .

It is predicted that air temperature over the land will warm up more than over the oceans. The air temperature will be also decreased between the day and the night.

From the other side by air temperature increasing the quantity of water and water vapor in the atmosphere will be increased, which will influence the global hydrological cycle. Increasing of the air temperature will cause increasing of evaporation as well as potential evapotranspiration. It will  lead to faster soil drought. From the other side at some parts of the Earth precipitation increasing or decreasing will appear (that means change of pluviometric regime).

It will enable increased precipitation intensity which will influence the appearance of increased soil erosion and will have harmful effects on the whole life and property as well as human life.

On the basis of the former knowledge from different investigations in the world                       , by air temperature increasing the following changes will appear which will influence the weather and climate as well as the whole living world: 

1.  Process of water and water vapor cycle in the nature will speed up,

2.  Hydrological regime will be changed ,

3.  Evaporation and potential evapotranspiration will be increased,

4.  Evaporation from the soil will be increased,

5.  Precipitation quantities in some regions will be increased,

6.  Precipitation quantities in other regions will be decreased,

7.  Precipitation intensity will be increased which will cause appearance of floods and they will increase the erosion, and damages on all fields of human life will appear too.

4. IDENTIFICATION OF THE MAIN ENVIROMENT PRESSURES ATTRIBUTED TO CLIMATE CHANGE

The expected climate changes in the 21st century will reflected negatively upon all main sectors of influence in the state as follows: increased air temperatures will negatively influence on agriculture, forestry; water resources on human health as well as biodiversity, t. e. on all fields of human life (in spatial and urban planning, in tourism, recreation, transport), as well as the whole economic development of Republic of Macedonia.

As it is previous stated, by air temperature increasing there will be changes upon evaporation from the free water surface and  soil. It will cause  the appearance of problems upon the surface and ground water regime and thus it will influence upon total necessities of water and water supplying. It will make problems on appearance of droughts and dry periods. From the other side in some parts with different climatic conditions local and intensive precipitation will appear which will influence upon appearance of erosive processes which will influence upon agriculture, forestry and water resources. 
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