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1 UPDATED CLIMATE CHANGE SCENARIOS FROM THE THIRD NATIONAL 

COMMUNICATION AND DEVELOPED CLIMATE SCENARIOS RCP 2.6, RCP 4.5, RCP 

6.0 AND RCP 8.5 ACCORDING TO THE INTERGOVERNMENTAL PANEL ON 

CLIMATE CHANGE – FIFTH REPORT  

1.1 Background 

This report will give an overview of the results of future climate projections for Bosnia and 

Herzegovina, based on various future scenarios for greenhouse gases concentrations. Future 

concentration scenarios considered include RCP2.6, RCP4.5, RCP6.0 and RCP8.5 scenarios defined in 

the Fifth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC) 1. The basis for 

the analysis of possible future climate changes will include assessment of changes in essential climate 

variables: daily mean temperatures, daily minimum temperatures, daily maximum temperatures and 

daily rainfall, on annual and seasonal basis, for four seasons, December-January-February (DJF). 

March-April-May (MAM), June-July-August (JJA) and September-October-December (SON). In 

addition to these results, changes of the selected climate indices will be also presented, as indicators 

of possible changes in the intensity and frequency of extreme weather and climate events, which can 

cause adverse consequences in natural ecosystems functioning and various socio-economic sectors, 

such as agriculture, forestry, water resources, human health, biodiversity, ecosystem services, etc. All 

future changes will be presented for the period from 2016 to 2100 relative to reference climate 

period 1986-2005, which was also used as the reference one in the last Fifth Intergovernmental 

Panel on Climate Change. Particular focus will be placed on three future twenty-year periods, the 

near-future period 2016-2035, the mid-twenty-first century 2046-2065 and the end of the twenty-first 

century 2081-2100, which were also selected for presenting the results in the Fifth 

Intergovernmental Panel on Climate Change. In this respect, the analyses presented in this report will 

be easily comparable to the results presented in the reference international publications. As a 

supplement to the report, Annex 2 will present changes in temperature and rainfall for future 

periods 2011-2040, 2041-2070 and 2071-2100 relative to 1971-2000 reference period, i.e. the future 

periods and reference periods as defined in the Third National Communication of Bosnia and 

Herzegovina will be used. The differences between the results for the periods as defined in the Fifth 

Intergovernmental Panel on Climate Change and the Third National Communication of Bosnia and 

Herzegovina are negligible, therefore the main conclusions of this report will remain the same 

regardless of the selected periods. 

                                                           
1 https://www.ipcc.ch/assessment-report/ar5/  

https://www.ipcc.ch/assessment-report/ar5/
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1.2 Scenarios of greenhouse gas concentrations 

The Fifth Report of the Intergovernmental Panel on Climate Change defines four possible scenarios 

for future global greenhouse gas concentrations (Representative Concentration Pathways – RCPs). 

These scenarios represent possible changes in the concentrations of greenhouse gases in the 

atmosphere in the period 2006-2100, which would in the first place be the result of future global 

anthropogenic emissions of those gases. As the change in the concentration of greenhouse gases in 

the atmosphere leads to the creation of an energy imbalance in the Earth's climate system, a 

numerical code for the scenario was introduced, indicating the magnitude of this imbalance 

expressed in W/m2. Thus, according to the RCP8.5 scenario, the energy imbalance at the end of this 

century would be 8.5 W/m2, according to the RCP6.0 scenario, the imbalance would be 6.0 W/m2, 

according to the RCP4.5 scenario it would be 4.5 W/m2 and according to the RCP2.6 scenario 2.6 

W/m2.  Scenarios RCP2.6 and RCP4.5 assume that, conditionally speaking, greenhouse gas 

concentrations will stabilize in the future, while according to RCP8.5 and RCP6.0 scenarios, their 

concentrations will continue to grow, or follow the trends observed in the past (Error! Reference 

source not found.). Scenario RCP2.6 even assumes that in the second half of this century, the 

concentration of greenhouse gases could even decrease, requiring at some point that anthropogenic 

emissions become equal to zero, so that potential gas sinks could lead to a decrease in their 

concentration. In this sense, the RCP2.6 scenario can be considered 'optimistic', while on the other 

hand, the RCP8.5 scenario according to which concentrations rise to a value of approximately 1250 

ppm (CO2-eq) can be considered 'pessimistic', or as it is colloquially referred to 'business as usual' 

scenario, since under this scenario individual countries' energy policies would remain unchanged 

even in the future, primarily in terms of fossil fuel use. The other two scenarios can be considered as 

options that lie somewhere between these two extremes. 

 

Figure 1: Future greenhouse gases concentrations for four different scenarios 
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1.3 Climate models and future climate projections 

The relevant climate projections can be obtained for various scenarios of future concentrations of 

greenhouse gases by using the climate models, which use such concentrations as input variables. 

Global and regional climate models are used in this report, and based on their results possible future 

changes of the respective climate variables and changes of selected climate indices will be presented. 

Global climate models ensure obtaining global climate projection results, however, since their 

horizontal resolution is on average about 200 km, in the cases of smaller domains the size of which is 

comparable to the surface of Bosnia and Herzegovina, it is not possible to estimate the spatial 

variation of the corresponding parameters over such domains, because only a few points of the 

climate model cover the entire selected domain (e.g. 2-4 points). Thus, in this report, the results of 

global climate models will only be presented as mean changes of the relevant variables for the entire 

territory of Bosnia and Herzegovina. On the other hand, regional climate models have significantly 

better horizontal resolution, usually with the order of magnitude of 10 km, so that based on their 

results it is possible to estimate the spatial changes of the corresponding variables in smaller areas, 

and therefore the results of the regional climate models will be used to represent spatial changes of 

the appropriate variables in the future. 

The results of global climate models are taken from the CMIP5 (Coupled Model Intercomparison 

Project – phase 5) database2, which was also used to produce the Fifth Report of the 

Intergovernmental Panel on Climate Change. A total of 42 different models have been taken from the 

CMIP5 climate projections database, so that the presentation of future climate projections will also 

include a possible range of changes in these variables, which was estimated based on the results of 

the selected ensemble of the model. Range estimation also allows for projection uncertainties to be 

estimated for future changes under various scenarios. Based on the available data, changes will be 

analysed for all four scenarios described in the previous chapter.  

The results of regional climate models are taken from the EURO-CORDEX database3, which is the 

reference database for climate projections for Europe, and which has served as the basis for many 

climate change studies in Europe in recent years. In addition, this database forms the basis for the 

European Union's Copernicus Climate Change Service program, which is dedicated to climate change, 

risk assessment and adaptation to climate change4. The horizontal resolution of the taken data is 11 

km, which allows the spatial changes (maps) of the respective climate variables to be presented. 

Also, the so-called bias-adjusted data were taken, that is, the data from which the systematic 

deviations present in the model results were removed. The data with bias correction allow for more 

reliable estimation in future projections of selected climate indices compared to the use of data that 

were not subject to bias correction. Seven representative models for the three scenarios – RCP2.6, 

RCP4.5, and RCP8.5 were taken from this database, since there was no result of the regional climate 

model for the RCP6.0 scenario, therefore in the spatial change analysis this scenario will not be 

analysed. 

                                                           
2 https://cmip.llnl.gov/cmip5/  
3 https://www.euro-cordex.net/  
4 https://climate.copernicus.eu/  

https://cmip.llnl.gov/cmip5/
https://www.euro-cordex.net/
https://climate.copernicus.eu/
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1.4 Future climate projections–global models 

The results of global climate models downloaded from the CMIP5 database5 will be presented in this 

chapter. The results shown indicate average changes for the entire territory of Bosnia and 

Herzegovina for the period from 1986 to 2100, while the period from 1985 to 2006 was used as the 

reference period against which the deviations of the corresponding magnitudes were calculated. 

1.4.1 Temperature 

Error! Reference source not found. shows the projections of the average annual value, the daily 

mean temperatures for consecutive 20-year periods, starting from the 20-year period 1986-2005 

until 2081-2100, relative to the reference period 1986-2005. The results are shown for four different 

scenarios – RCP2.6, RCP4.5, RCP6.0 and RCP8.5, whereby the mean value of the ensemble of 

different global climate models is represented by the solid line, while the range of possible changes is 

represented with the dashed line, between the 25th and the 75thof the percentile of the total possible 

range of the entire ensemble. 

According to the RCP8.5 scenario, by the end of this century, the expected change in daily mean 

temperature is the largest in relation to other scenarios, and it is 4.8 oC, with a range from 4 to 6 oC 

relative to the reference period 1986-2005. For the middle of this century, the mean change under 

this scenario is slightly higher than 2.5 oC, while for the near future (2016-2035) under this scenario 

the expected change is about 1 oC relative to value from the reference period 1986-2005. The least 

change at the end of this century can be expected for the RCP2.6 scenario, according to which the 

expected change at the end of the century is 1.2 oC, with a range from 0.9 to 1.6 oC. Moreover, 

according to this scenario, stabilization of temperature and discontinuing further increase can be 

expected in the first half of this century. For the remaining two scenarios, the future temperature 

change ranges between the results for the scenario RCP2.6 and RCP8.5, whereby the change is 

somewhat larger for the scenario RCP6.0 at the end of the century, and the change in the ensemble 

mean is about 3 oC. In the case of the RCP4.5 scenario, similar as in the case of the RCP2.6 scenario, 

temperature stabilization is observed, but only in the last decades of the twenty-first century. It is 

also clear that for the near future, the change in daily mean temperature does not differ significantly 

for different scenarios, which is an expected result given that, according to the scenarios, significant 

differences in future concentrations of greenhouse gases are only visible after 2040. 

 

 

 

 

 

 

 

                                                           
5 https://cmip.llnl.gov/cmip5/  

https://cmip.llnl.gov/cmip5/
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Figure 2: Change in average annual value (in oC), daily mean temperatures, shown as a deviation of the 20-year moving 
average relative to the reference period 1986-2005, for the scenarios RCP2.6, RCP4.5, RCP6.0 and RCP8.5 (solid lines) 

together with a range (dashed line) between the 25th and 75th percentile. The three selected 20-year periods: 2016-2035, 
2046-2065 and 2081-2100 are specially marked on the figure. 

Error! Reference source not found. shows the projections of the average annual value, the daily 

minimum temperatures for consecutive 20-year periods, starting from the 20-year period 1986-2005 

until 2081-2100, relative to the reference period 1986-2005. Similar as in the case of daily mean 

temperatures, the largest changes are for the RCP8.5 scenario and the least for the RCP2.6 scenario, 

while the values for the RCP4.5 and RCP6.0 scenarios range between the projections for these 

boundary scenarios. Compared to possible future changes in the daily mean temperature, the 

changes in the daily minimum temperatures are slightly smaller, so according to the RCP8.5 scenario 

the expected change for the end of the century is 4.5 oC, while for the RCP2.5 scenario the change is 

1.1 oC. A similar relation is observed for the RCP4.5 and RCP6.0 scenarios, and in this case it is 

possible to expect stabilization of the daily minimum temperature and discontinuation of further 

increase for the RCP2.6 and RCP4.5 scenarios, whereas in the case of the RCP6.0 and RCP8.5 

scenarios a further continuous increase of this variable could be expected. 

 

 

 

 

Deviation of daily mean temperature relative to 
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Figure 3: Change in average annual value (in oC), daily minimum temperatures, shown as a deviation of the 20-year 
moving average relative to the reference period 1986-2005, for the scenarios RCP2.6, RCP4.5, RCP6.0 and RCP8.5 (solid 
lines) together with the range (dashed line) between the 25th and 75th percentile. The three selected 20-year periods: 

2016-2035, 2046-2065 and 2081-2100 are specially marked on the figure. 

Error! Reference source not found. shows the projections of the average annual value, the daily 

maximum temperatures for consecutive twenty-year periods, starting from the twenty-year period 

1986-2005 until 2081-2100, relative to the reference period 1986-2005. Similar as in the case of 

mean and daily minimum temperatures, the biggest changes are for the RCP8.5 scenario and the 

least for the RCP2.6, while the values for the RCP4.5 and RCP6.0 scenarios range between the 

projections for these boundary scenarios. The changes are very similar compared to possible future 

changes in the daily mean temperature, except that in the case of some scenarios the possible ranges 

are shifted towards higher values, as in the case of the scenario RCP8.5, according to which the upper 

limit of the possible range is 6 oC. Also, in this case, the possible stabilization of the daily maximum 

temperature and the discontinuation of further increase can be expected for the RCP2.6 and RCP4.5 

scenarios, while in the case of the RCP6.0 and RCP8.5 scenarios a further continuous increase of this 

variable could be expected. 

Deviation of daily minimum temperature 
relative to the period 1986-2005 

Range 

Range 

Range 

Range 
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Figure 4: Change in average annual value (in oC), daily minimum temperatures, shown as a deviation of the 20-year 
moving average relative to the reference period 1986-2005, for the scenarios RCP2.6, RCP4.5, RCP6.0 and RCP8.5 (solid 
lines) together with the range (dashed line) between the 25th and 75th percentile. The three selected 20-year periods: 

2016-2035, 2046-2065 and 2081-2100, are specially marked on the figure. 

1.4.2 Rainfall 

Error! Reference source not found. shows the projections of the average annual value, daily 

accumulations of rainfall for consecutive twenty-year periods, starting from the twenty-year period 

1986-2005 until 2081-2100, relative to the reference period 1986-2005. Unlike changes in 

temperature, changes in rainfall show somewhat more complex structure, with possible both 

positive and negative changes relative to the reference period, especially for near future, when all 

four scenarios show that possible changes are in the range from -5 to + 5% relative to the reference 

period values. The differences between the scenarios are only noticeable for the periods at the end 

of the twenty-first century, whereby the scenario RCP8.5 stands out according to which the expected 

change value at the end of the century is about -10% with a range from -4 to -15%. On the other 

hand, according to the RCP2.6 scenario, by the end of this century, the possible change in rainfall will 

remain in the range from -3 to +3% relative to the reference period value. According to the scenario 

RCP6.0 at the end of the century, the total range of possible change is negative, similar as in the case 

of the scenario RCP8.5, with the values ranging from -1 to -5%, and the expected value, that is, the 

mean value of the model ensemble is -3%. In the case of the RCP4.5 scenario, the expected value is 

about -1% while the expected range is +3 to -5%. According to the presented results, only in the case 

of RCP8.5 scenario future changes can be significant in the second half of the twenty-first century, 

when according to this scenario a decrease in total rainfall should be expected, as well as change in 

climate conditions in terms of potential annual rainfall loss. 

Deviation of daily maximum temperature 
relative to the period 1986-2005 

Range 

Range 

Range 

Range 
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Figure 5: Change in average annual value (in%) of daily accumulated rainfall, shown as a deviation of the 20-year moving 
average relative to the reference period 1986-2005, for the scenarios RCP2.6, RCP4.5, RCP6.0 and RCP8.5 (solid lines) 
together with the range (dashed line) between the 25th and 75th percentile. The three selected 20-year periods: 2016-

2035, 2046-2065 and 2081-2100, are specially marked on the figure. 

1.4.3 Climate indices 

Climate indices are derived variables from the essential climate variables, daily mean temperatures, 

daily maximum temperatures, daily minimum temperatures and daily accumulated rainfall, which 

indicate to the intensity and frequency of extreme weather and climate events that may have a 

negative impact on the living world and socio-economic sectors. 

In this section of the report climate indices changes will be will analysed (Error! Reference source not 

found.), for four climate change scenarios. 

Table 1. Definitions of climate indices used in the text below 

Index Definition  Units 

FD Frost days, that is, count of days during the observed period when daily minimum 

temperature is below 0 °C.  

days/a year 

ID  Icing days, that is, count of days during the observed period when daily maximum 

temperature is below 0 °C.  
 

SU Number of summer days, that is, count of days during the observed period when the 

daily maximum temperature was higher than 25 °C.  

days/a year 

RR20 Number of days with daily precipitation amount greater than 20 mm. days/a year 

RX1D Maximum daily accumulated rainfall recorded over a period of one year. mm 

CDD Number of consecutive days when daily accumulated rainfall is maximum 1mm.  
 

days/a year 

GSL Growing season length, count of days during the observed period between the first 

span of 6 days in the first half of the year with daily mean temperature that exceeds 5 

°C and the first span of 6 days in the second half of the year with the daily mean 

temperature less than 5 °C  

days/a year 

 

Deviation of daily rainfall relative to the 
period 1986-2005 

Range 

Range 

Range 

Range 
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Error! Reference source not found. shows possible future changes in the number of frost days for 

consecutive twenty-year periods, starting from the twenty-year period 1986-2005 until 2081-2100, 

relative to the reference period 1986-2005 for the four climate scenarios. Presented values represent 

average changes for the entire territory of Bosnia and Herzegovina. As can be seen on the figure, by 

the end of this century, the number of frost days will be decreasing in all scenarios. For the last 

twenty years, this decrease will be -40, -22, -21 and -12 days, for RCP8.5, RCP6.0, RCP4.5 and RCP2.6 

scenarios, respectively. Similar as in the case of temperature change, under RCP2.6 scenario, 

stabilization should be expected in the near future, in terms of discontinuation of further reduction 

of frost days, whereas in the case of RCP4.5 scenario this stabilization would occur in the second half 

of the twenty-first century. 

 

Figure 6: Average change of the number of frost days (in days/a year) for the territory of Bosnia and Herzegovina, shown 
as a deviation of the 20-year moving average relative to the reference period 1986-2005, for the scenarios RCP2.6, 

RCP4.5, RCP6. 0 and RCP8.5. The three selected 20-year periods: 2016-2035, 2046-2065 and 2081-2100, are specially 
marked on the figure. 

Error! Reference source not found. shows possible future changes in the number of icing days for 

consecutive 20-year periods, starting from the 20-year period 1986-2005 until 2081-2100, relative to 

the reference period 1986-2005 for the four climate scenarios. Presented values represent average 

changes for the entire territory of Bosnia and Herzegovina. Similar as in the case of frost days, the 

number of icing days will decrease in the future in all scenarios. For the last twenty years this 

decrease will be -13, -8, -8 and -4 days, for RCP8.5, RCP6.0, RCP4.5 and RCP2.6 scenario, respectively. 

In the case of the RCP2.6 and RCP4.5 scenarios, it is again possible to expect stabilization in 

decreasing the number of these days, that is, discontinuation of their decrease, in similar time 

horizons as for frost days. 

Frosty days 
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Figure 7: Average change of the number of icing days (in days) for the territory of Bosnia and Herzegovina, shown as a 
deviation of the 20-year moving average relative to the reference period 1986-2005, for the scenarios RCP2.6, RCP4.5, 
RCP6.0 and RCP8.5. The three selected 20-year periods: 2016-2035, 2046-2065 and 2081-2100, are specially marked on 

the figure. 

Error! Reference source not found. shows possible future average changes in the number of summer 

days for consecutive 20-year periods, starting from the 20-year period 1986-2005 until 2081-2100, 

relative to the reference period 1986-2005 for the four climate scenarios. Presented values represent 

average changes for the entire territory of Bosnia and Herzegovina. As can be seen on the figure, by 

the end of this century, the number of summer days will be increasing in all scenarios, so for the last 

twenty years this increase would be additional 69, 49, 35 and 20 days, for RCP8.5, RCP6.0. RCP4.5 

and RCP2.6 scenario, respectively. Unlike changes in the number of frost and icing days, we see that 

in the case of summer days, there is a greater difference in change between the RCP4.5 and RCP6.0 

scenarios. 

 

Figure 8: Average change of the number of summer days (in days/a year) for the territory of Bosnia and Herzegovina, 
shown as a deviation of the 20-year moving average relative to the reference period 1986-2005, for the scenarios RCP2.6, 

RCP4.5, RCP6. 0 and RCP8.5. The three selected 20-year periods: 2016-2035, 2046-2065 and 2081-2100, are specially 
marked on the figure. 

Icing days 

Summer days 
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Error! Reference source not found. shows possible future average changes in the number of days 

with rainfall greater than 20 mm for consecutive 20-year periods, expressed in %, starting from the 

20-year period 1986-2005 until 2081-2100, relative to the reference period 1986-2005 for the four 

climate scenarios. Presented values represent average changes for the entire territory of Bosnia and 

Herzegovina. In the case of this index, which is a measure of extreme daily rainfall, the variation 

between different scenarios is far smaller compared to changes in temperature indices. As can be 

seen on the figure, by the end of this century the number of days with rainfall greater than 20 mm 

will be increasing in all scenarios, therefore, for the last twenty years this increase would be 27%, 

19%, 15% and 15% of more days for RCP8.5, RCP6.0, RCP4.5 and RCP2.6 scenarios, respectively, 

relative to their count in the reference period. 

 

 

Figure 9: Average change of the number of days with rainfall greater than 20mm (in%) for the territory of Bosnia and 
Herzegovina, shown as a deviation of the 20-year moving average relative to the reference period 1986-2005, for the 

scenarios RCP2.6, RCP4.5 RCP6.0 and RCP8.5. The three selected 20-year periods: 2016-2035, 2046-2065 and 2081-2100, 
are specially marked on the figure. 

Error! Reference source not found. shows possible future average changes in maximum daily 

accumulated rainfall for consecutive 20-year periods, starting from the 20-year period 1986-2005 

until 2081-2100, relative to the reference period 1986-2005 for the four climate scenarios. Presented 

values represent average changes for the entire territory of Bosnia and Herzegovina. In the case of 

this index, which is also a measure of extreme daily rainfall, the largest change can be expected for 

the scenario RCP8.5, while for the remaining three scenarios the changes are similar. As can be seen 

on the figure, by the end of this century, maximum daily accumulation in one year will be increasing 

in all scenarios, therefore, in the last twenty years this increase would be 18%, 12%, 7% and 6% of 

more days, for the RCP8.5, RCP6.0, RCP4.5 and RCP2.6 scenarios respectively, relative to their count 

in the reference period. 

Rainfall >20 mm 
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Figure 10: Average change of maximum daily accumulated rainfall (in%) for the territory of Bosnia and Herzegovina, 
shown as a deviation of the 20-year moving average over the reference period 1986-2005, for scenarios RCP2.6, RCP4.5, 
RCP6.0 and RCP8.5. The three selected 20-year periods: 2016-2035, 2046-2065 and 2081-2100, are specially marked on 

the figure. 

Error! Reference source not found. shows possible future average changes of consecutive dry days, 

for consecutive 20-year periods, starting from the 20-year period 1986-2005 until 2081-2100, relative 

to the reference period 1986-2005 for the four climate scenarios. Presented values represent 

average changes for the entire territory of Bosnia and Herzegovina. In the case of this index, which is 

a measure of extension of dry periods without rainfall, just as in the case of other indices, the largest 

change can be expected for the scenario RCP8.5, while for the other three scenarios the changes are 

much lesser. As can be seen from the figure, by the end of this century, extension of dry periods in all 

scenarios would be 50%, 25%, 21% and 8%, respectively, for the scenarios RCP8.5, RCP6.0, RCP4.5 

and RCP2.6 respectively relative to average length of such periods in the reference period 1986-2005. 

 

 

Figure 11: Average change of consecutive dry days (in%) for the territory of Bosnia and Herzegovina, shown as a 
deviation of the 20-year moving average relative to the reference period 1986-2005, for the scenarios RCP2.6, RCP4.5, 
RCP6.0 and RCP8.5. The three selected 20-year periods: 2016-2035, 2046-2065 and 2081-2100, are specially marked on 

the figure. 

Maximum 1-day rainfall  

Consecutive dry days 
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Error! Reference source not found. shows possible future average changes in growing season length, 

for consecutive 20-year periods, starting from the 20-year period 1986-2005 until 2081-2100, relative 

to the reference period 1986-2005 for the four climate scenarios. Presented values represent 

average changes for the entire territory of Bosnia and Herzegovina. In the case of this index, just as in 

the case of other indices, the largest change can be expected for the RCP8.5 scenario, while for the 

remaining three scenarios the changes are significantly lesser. As can be seen from the figure, by the 

end of this century, extension of the growing season in all scenarios would be 55, 31, 31 and 19 days, 

respectively, for the scenarios RCP8.5, RCP6.0, RCP4.5 and RCP2.6, respectively, relative to average 

growing season length in the reference period 1986-2005. The differences between the RCP4.5 and 

RCP6.0 scenarios are negligible. 

 

 

 

Figure 12: Average change of growing season length (in days/year) for the territory of Bosnia and Herzegovina, shown as 
a deviation of the 20-year moving average relative to the reference period 1986-2005, for the scenarios RCP2.6, RCP4.5, 
RCP6. 0 and RCP8.5. The three selected 20-year periods: 2016-2035, 2046-2065 and 2081-2100, are specially marked on 

the figure. 

1.5 Future climate projections – regional models 

The results of regional climate models taken from the EURO-CORDEX database will be presented in 

this chapter6. Presented results indicate average changes in the territory of Bosnia and Herzegovina 

for the periods 2016-2035, 2046-2065 and 2081-2100 relative to the period 1986-2005. Regional 

climate models allow for future climate projections to be regionalized to a better horizontal 

resolution by using lateral boundary conditions from global climate models. In this case, regional 

climate models of 11 km resolution were used, therefore the spatial changes in the essential climate 

variables and derived indices, referred to in the previous chapter, will be presented in this chapter of 

the report.   

                                                           
6 https://www.euro-cordex.net/  

Growing season length 

https://www.euro-cordex.net/
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1.5.1 Temperature 

For scenario RCP2.6, changes in daily mean temperature, minimum and daily maximum 

temperatures are shown on Error! Reference source not found., Error! Reference source not found. 

and Error! Reference source not found., respectively, for the three future periods 2016-2035, 2046-

2065 and 2081-2100, relative to the reference period 1986- 2005, on annual basis (GOD) and for four 

seasons DJF, MAM, JJA and SON. According to the results presented for the scenario RCP2.6, the 

change of all three temperatures throughout the territory and for all three periods is in the range 0.5 

– 1.5 oC. Annually, for the last period, 2081-2100, at the end of the twenty-first century, the change 

of the minimum and daily mean temperature in the largest part of the territory is up to 1 oC, while in 

the case of the maximum temperature this change is in the largest part of the territory up to 1.5 oC. 

Changes of less than 0.5 oC over most of the territory are visible only in the case of mean daily and 

minimum temperatures for the DJF season and the first two analysed periods, 2016-2035 and 2046-

2065. According to the results presented, in the case of this scenario, the biggest changes can be 

expected for the MAM season, for all three temperatures, while in the case of changes in the daily 

maximum temperature, these changes in the southeast of the country are higher than 1.5 oC.  



19 

 

Figure 13: Change in daily mean temperatures (in oC) relative to the reference period 1986-2005, for the RCP2.6 scenario, 
on annual basis (GOD) and for the DJF, MAM, JJA and SON seasons, for the three selected future periods 2016-2035, 

2046-2065 and 2081-2100.   
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Figure 14: Change in daily minimum temperature (in oC) relative to the reference period 1986-2005, for the RCP2.6 
scenario, on annual basis (GOD) and for the DJF, MAM, JJA and SON seasons, for the three selected future periods 2016- 

2035, 2046-2065 and 2081-2100. 
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Figure 15: Change in daily maximum temperatures (in oC) relative to the reference period 1986-2005, for the RCP2.6 
scenario, on annual basis (GOD) and for the DJF, MAM, JJA and SON seasons, for the three selected future periods 2016- 

2035, 2046-2065 and 2081-2100. 
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For the RCP4.5 scenario, changes in daily mean temperature, minimum and daily maximum 

temperatures are shown on Error! Reference source not found., Error! Reference source not found. 

and Error! Reference source not found., respectively, for the three future periods 2016-2035, 2046-

2065 and 2081-2100, relative to the reference period 1986-2005, on annual basis (GOD) and for four 

seasons DJF, MAM, JJA and SON. According to the results presented for the scenario RCP4.5, the 

change of all three temperatures for the first period, the near future, ranges from 0.5 to 1.0 oC, the 

least change is for the DJF season, while the changes for other seasons and for the annual mean 

values are approximate. For the second analysed period, mid-century, 2036-2065, changes range 

from 1 to 2 oC, and the only deviation from this range is the mean maximum temperature for the JJA 

season when the deviation is greater than 2 oC. Finally, for the last period 2081-2100 temperature 

rise ranges from 1.5 to 2.5 oC, for all three temperatures, and for all seasons, whereby only the 

change in daily maximum temperatures for the JJA season deviates, when the temperature rise in 

south-eastern parts of the country is greater than 2.5 oC. As a general feature of the change in all 

three temperatures, the largest increase in terms of seasons is the one for the JJA season, while in 

terms of temperature it is the one for the daily maximum temperature, then the daily mean 

temperature, and finally the daily minimum temperature. In addition, in some of the panels it is 

noticeable that the temperature changes are higher in the mountain areas, which is clearly 

noticeable in case of changes in the daily mean temperature.    
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Figure 16: Change in daily mean temperature (in oC) relative to the reference period 1986-2005, for the RCP4.5 scenario, 
on annual basis (GOD) and for the DJF, MAM, JJA and SON seasons, for the three selected future periods 2016- 2035, 

2046-2065 and 2081-2100. 
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Figure 17: Change in daily minimum temperature (in oC) relative to the reference period 1986-2005, for the RCP4.5 
scenario, on annual basis (GOD) and for the DJF, MAM, JJA and SON seasons, for the three selected future periods 2016- 

2035, 2046-2065 and 2081-2100.  
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Figure 18: Change in daily maximum temperature (in oC) relative to the reference period 1986-2005, for the RCP4.5 
scenario, on annual basis (GOD) and for the DJF, MAM, JJA and SON seasons, for the three selected future periods 2016- 

2035, 2046-2065 and 2081-2100.  



26 

For the scenario RCP8.5, changes in daily mean temperature, minimum and daily maximum 

temperatures are shown on Error! Reference source not found., Error! Reference source not found. 

and Error! Reference source not found., respectively, for the three future periods 2016-2035, 2046-

2065 and 2081-2100, relative to the reference period 1986-2005, on annual basis (GOD) and for four 

seasons DJF, MAM, JJA and SON. According to the results presented for the scenario RCP8.5, the 

change in all three temperatures for the first period, the near future, ranges from 0.5 to 1.5 oC, the 

least change is in the case of DJF season, while changes for the other seasons and for the annual 

mean values are approximate. For the second period analysed, mid-century, 2036-2065, the changes 

range from 1.5 to 3oC. Finally, for the last period 2081-2100, temperature rise ranges from 2.5 to 5 
oC, for all three temperatures, and all seasons, among which the increase of daily maximum 

temperatures for the JJA season is especially emphasized, when the temperature rise in most of the 

country is greater than 5 oC. Similar as in the case of RCP4.5 scenario, as a general feature of the 

change in all three temperatures is that the largest increase observed through the seasons is the 

increase for the JJA season, with the largest change for the maximum daily, then the mean daily, and 

finally the daily minimum temperature. It is also noticeable in some of the panels that temperature 

changes are higher in mountainous areas, which is clearly evident in the case of changes for the last 

analysed period 2018-2100. The season with the least deviation is the MAM season.   
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Figure 19: Change in daily mean temperatures (in oC) relative to the reference period 1986-2005, for the RCP8.5 scenario, 
on annual basis (GOD) and for the DJF, MAM, JJA and SON seasons, for the three selected future periods 2016-2035, 

2046-2065 and 2081-2100.    
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Figure 20: Change in daily minimum temperature (in oC) relative to the reference period 1986-2005, for the RCP8.5 
scenario, on annual basis (GOD) and for the DJF, MAM, JJA and SON seasons, for the three selected future periods 2016- 

2035, 2046-2065 and 2081-2100.  

 

 



29 

 

Figure 21: Change in daily maximum temperature (in oC) relative to the reference period 1986-2005, for the RCP8.5 
scenario, on annual basis (GOD) and for the DJF, MAM, JJA and SON seasons, for the three selected future periods 2016- 

2035, 2046-2065 and 2081-2100. 
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1.5.2 Rainfall 

For all three scenarios, RCP2.6, RCP4.5, and RCP8.5, changes in mean daily accumulated rainfall are 

shown on Error! Reference source not found., Error! Reference source not found. and Error! 

Reference source not found., respectively, for the three future periods 2016-2035, 2046-2065, and 

2081-2100, respectively relative to the reference period 1986-2005, on annual basis (GOD) and for 

four seasons DJF, MAM, JJA and SON. According to the results presented for the scenario RCP2.6, the 

change in daily accumulated rainfall annually ranges from -5 to 5% for the first two periods, while for 

the last period, at the end of the century, the change is positive in the south-eastern parts and it is 

higher than 5%. In the case of the RCP4.5 and RCP8.5 scenarios, the change in rainfall for the last 

analysed period 2081-2100 is negative, and in the case of the RCP8.5 scenario it is less than -10% in 

some parts of the country. Also, for the RCP4.5 and RCP8.5 scenarios, it is characteristic that the 

season with the highest rainfall loss is JJA, which is especially pronounced for the RCP8.5 scenario for 

which the possible rainfall decrease is less than -30% in the south of the country during the last 

period. Such summer rainfall deficit is obviously a major contributor to the negative change in total 

annual rainfall. In the case of scenario RCP2.6, this negative change in rainfall for the JJA season is 

unnoticeable, although during the last analysed period most of the territory has a negative change. A 

common feature of all three scenarios is that for all three analysed periods, the DJF season has a 

positive change in rainfall on most of the territory of Bosnia and Herzegovina, and that it is most 

pronounced for the last analysed period and the scenario RCP8.5. For the remaining two seasons, the 

change in rainfall is variable and it most commonly ranges from -10 to 10%, depending on the season 

and part of the country. For MAM season, another common feature consistent for all scenarios and 

periods is that the southern parts of the country generally have negative changes, while the northern 

ones have positive changes, indicating that the southern parts are more likely to have a rainfall 

deficit during this season. 
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Figure 22: Change in mean daily rainfall (in%) relative to the reference period 1986-2005, for the RCP2.6 scenario, on 
annual basis (GOD) and for the DJF, MAM, JJA and SON seasons, for the three selected future periods 2016- 2035, 2046-

2065 and 2081-2100. 
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Figure 23: Change in mean daily rainfall (in%) relative to the reference period 1986-2005, for the RCP4.5 scenario, on 
annual basis (GOD) and for the DJF, MAM, JJA and SON seasons, for the three selected future periods 2016- 2035, 2046-

2065 and 2081-2100. 
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Figure 24: Change in mean daily rainfall (in%) relative to the reference period 1986-2005, for the RCP8.5 scenario, on 
annual basis (GOD) and for the DJF, MAM, JJA and SON seasons, for the three selected future periods 2016- 2035, 2046-

2065 and 2081-2100. 
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1.5.3 Climate indices 

Error! Reference source not found. shows possible future changes in the number of frost days 

relative to the reference period 1986-2005 for the three climate scenarios RCP8.5, RCP4.5 and 

RCP2.6 and the three future periods, 2016-2035, 2046-2065 and 2081-2100. As can be seen on the 

figure the number of frost days will be decreasing by the end of this centuries for all three scenarios. 

For the near future, the change for all three scenarios is up to -10 days in most of the territory. In the 

case of RCP2.6 scenario, there is no signification variation with respect to this change and for the 

other two periods it is up to -20 days. In the case of the RCP4.5 scenario, this change is up to -20 days 

for mid-century, whereas for the last span the change is up to -30 days. Finally, for the scenario 

RCP8.5 the change in the number of frost days is becoming significantly reduced for further time 

horizons and for the period 2036-2065 it is up to -30 days, while for the last period the change is 

most pronounced in the southern parts of the country and it is up to -60 days. 

 

Figure 25: Change in the number of frost days (days/a year) relative to the reference period 1986-2005, for the scenarios 
RCP2.6, RCP4.5, RCP6.0 and RCP8.5 and the three selected 20-year periods, 2016-2035, 2046 -2065 and 2081-2100. 

Error! Reference source not found. shows possible future changes in the number of icing days 

relative to the reference period 1986-2005 for the three climate scenarios RCP8.5, RCP4.5 and 

RCP2.6 and the three future periods, 2016-2035, 2046-2065 and 2081-2100. As can be seen on the 

figure, the number of icing days will be decreasing according to all scenarios by the end of this 

century. For the near future, the change according to all three scenarios is up to -5 days in most of 

the territory. In the case of the RCP2.6 scenario, there is no signification variation with respect to this 
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change also in the case of the other two spans and it is up to -10 days. In the case of the RCP4.5 

scenario for the period 2036-2065 this change is up to -10 days, whereas for this scenario and the 

last span the change is up to -20 days. Finally, for the scenario RCP8.5 the change in the count of icing 

days is significantly reduced for further time horizons and for the period 2036-2065 it is up to -20 

days, while for the last period the change is most pronounced in the mountainous areas of the 

country and it is up to -30 days, and in some smaller areas up to -50 days less, in the northern parts 

the change is somewhat milder and it is up to -20 days. 

 

Figure 26: Change in the number of icing days (days/a year) relative to the reference period 1986-2005, for the scenarios 
RCP2.6, RCP4.5, RCP6.0 and RCP8.5 and the three selected 20-year periods, 2016-2035, 2046-2065 and 2081-2100. 

Error! Reference source not found. shows possible future changes in the number of summer days 

relative to the reference period 1986-2005 for the three climate scenarios RCP8.5, RCP4.5 and 

RCP2.6 and the three future periods, 2016-2035, 2046-2065 and 2081-2100. As can be seen on the 

figure, by the end of this century, the number of summer days will be increasing in all scenarios. For 

the near future, the change for all three scenarios is up to 20 days more in most of the territory. In 

the case of the RCP2.6 scenario, there is no signification variation with respect to this change for the 

other two periods. In the case of the RCP4.5 scenario, for the period 2036-2065, this change is up to 

30 days more, while for this scenario and the last span the change is up to 50 days more for certain 

parts of the country. Finally, for the scenario RCP8.5, the change in the number of summer days is 

significantly increasing for further time horizons and for the period 2036-2065 it is up to 40 days 

more, in some parts up to 50 days more, while for the last span the change is most pronounced and 

it is up to 60 days, almost for the entire territory of the country. 
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Figure 27: Change in the number of summer days (days/a year) relative to the reference period 1986-2005, for the 
scenarios RCP2.6, RCP4.5, RCP6.0 and RCP8.5 and the three selected 20-year periods, 2016-2035, 2046 -2065 and 2081-

2100. 

Error! Reference source not found. shows possible future changes in the number of days with 

rainfall greater than 20 mm, relative to the reference period 1986-2005 for the three climate 

scenarios RCP8.5, RCP4.5 and RCP2.6 and the three future periods, 2016-2035, 2046- 2065 and 2081-

2100. As can be seen on the figure, by the end of this century, the number of days with rainfall 

greater than 20 mm will be generally increasing in all scenarios. It is interesting that the changes are 

very similar for all three scenarios and all three periods and that in the territory of Bosnia and 

Herzegovina they are in the range from +5 to + 20% (in most parts of the territory where the changes 

are positive) and generally up to -5% (in the parts where the change is negative). Only in the case of 

RCP8.5 scenario, for the period 2081-2100, this change is somewhat more pronounces in most of the 

territory and it is up to + 20% and in some smaller areas it is even more than + 30%. 
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Figure 28: Change in the number of days with rainfall greater than 20 mm (in%) relative to the reference period 1986-
2005, for the scenarios RCP2.6, RCP4.5, RCP6.0 and RCP8.5 and the three selected 20-year periods, 2016- 2035, 2046-2065 

and 2081-2100. 

Error! Reference source not found. shows possible future changes in maximum daily rainfall over 

one year, relative to the reference period 1986-2005 for the three climate scenarios RCP8.5, RCP4.5 

and RCP2.6 and the three future periods, 2016-2035, 2046-2065 and 2081-2100. As can be seen on 

the figure, by the end of this century, maximum daily accumulation of rainfall will be generally 

increasing in all scenarios. As in the case of changes in the number of days with accumulations 

greater than 20 mm, the changes are very similar for all three scenarios and all three periods, and 

they are in the range from +5 to + 20% in the territory of Bosnia and Herzegovina, which applies to 

almost the entire territory, while only in some localized cases the change is negative up to a value of 

-5%. Again, only in the case of the RCP8.5 scenario, for the period 2081-2100 this change is 

somewhat more pronounced and in most of the territory it is up to + 20%, and in some smaller areas 

it is even more than + 30%.   
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Figure 29: Change in maximum daily rainfall in a year relative to the reference period 1986-2005, for the scenarios 
RCP2.6, RCP4.5, RCP6.0 and RCP8.5 and the three selected 20-year periods, 2016-2035, 2046-2065 and 2081 -2100. 

Error! Reference source not found. shows possible future changes of consecutive dry days, relative 

to the reference period 1986-2005 for the three climate scenarios RCP8.5, RCP4.5 and RCP2.6 and 

the three future periods, 2016-2035, 2046-2065 and 2081-2100. As can be seen on the figure, by the 

end of this century, the number of consecutive dry days will be generally increasing in all scenarios, 

except for some smaller parts of the territory of Bosnia and Herzegovina. For the near future, change 

in all three scenarios is from 0 to 5% of more of these days in most of the territory, while only in 

smaller areas the change is from 0 to -5%. In the case of the RCP2.6 scenario, there is no signification 

variation with respect to this change for the other two periods. In the case of scenario RCP4.5 for the 

period 2036-2065, this change is from 5 to 10 days more in the largest part of the territory, while for 

this scenario and the last period the change is in the largest part 10 to 20% more of these days. 

Finally, for the RCP8.5 scenario the change in consecutive dry days is significantly increasing for 

further time horizons and for the period 2036-2065 it is 10-20% more of these days, while for the last 

period the change is most pronounced and it is 20-30% more of these days, in most of the country. 
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Figure 30: Change in consecutive dry days in a year relative to the reference period 1986-2005, for the scenarios RCP2.6, 
RCP4.5, RCP6.0 and RCP8.5 and the three selected 20-year periods, 2016-2035, 2046-2065 and 2081-2100. 

Error! Reference source not found. shows possible future changes in the growing season length, 

relative to the reference period 1986-2005 for the three climate scenarios RCP8.5, RCP4.5 and 

RCP2.6 and the three future periods, 2016-2035, 2046-2065 and 2081-2100. As can be seen on the 

figure, by the end of this century, the growing season length will be extended in all scenarios. For the 

near future, the change for all three scenarios is from 5 to 20 days of longer growing season for most 

of the country. In the case of the RCP2.6 scenario, there is no signification variation with respect to 

this change for the other two periods. In the case of scenario RCP4.5, for the period 2036-2065, this 

change is in the range from 15 to 20 days in most of the country, while for this scenario and the last 

period, the change is in the range from 20 to 40 days of extension of the growing season for most of 

the country. Finally, for the scenario RCP8.5, the change in the growing season length is significantly 

increasing for further time horizons, and for the period 2036-2065 it ranges from 20 to 40 days, while 

for the last period the change is most pronounced and it is up to 60 days of extension of the growing 

season, mainly for mountainous areas of the country. 
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Figure 31: Change in the growing season length relative to the reference period 1986-2005, for the scenarios RCP2.6, 
RCP4.5, RCP6.0 and RCP8.5 and the three selected 20-year periods, 2016-2035, 2046-2065 and 2081-2100. 

1.6 Summary 

According to the presented results of climate projections obtained through global and regional 

climate models, and based on four different scenarios of future climate change, it can be concluded 

that in the future, further temperature increase in the territory of Bosnia and Herzegovina can be 

expected, ranging from 1 oC to 6 oC, depending on the climate scenario. The biggest change is in the 

case of the scenario RCP8.5, while the smallest one is in the case of the scenario RCP2.6. In the case 

of the RCP2.6 scenario, it can be expected that in the near future the temperature rise trend will be 

close to zero, which would lead to some sort of stabilization in terms of further temperature 

increase. Changes in temperature are more pronounced in the case of daily maximum temperatures 

with respect to daily mean and minimum temperatures. 

Change in rainfall is somewhat more complex and only in the case of the RCP8.5 scenario a significant 

decrease in average annual values can be expected, however, all the analysed scenarios show that 

there is a greater chance of summer rainfall loss, when according to the RCP8.5 scenario this 

negative change may be less than -30 %, which would certainly represent a significant pressure on 

the living world, but also on some socio-economic sectors, such as agriculture, forestry and water 

resources.    
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Finally, climate scenarios analysis shows a significant increase in warm extremes and a decrease in 

cold extremes, with changes being the largest again in scenario RCP8.5, whereas in the case of 

changes in the extreme precipitation index the results show a similar positive change, in terms of 

increasing the intensity and frequency of these extremes, independently from scenarios and future 

periods analysed. Finally, a further temperature increase will lead to an extension of the growing 

season. 

 


