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Evaluating the impact of climate on forest
vulnerability to fires
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Abstract: The assessment of the threat of forest fires usually includes identification of
factors and quantification of risk levels. This work presents an approach to modeling the
risk of forest fires caused by climate impacts. Climate Impact Assessment is based on the
significance of air temperature, rainfall and relative air humidity. The analysis is based on
the meteorological data obtained from 26 meteorological stations in Serbia for the period
from 1981 to 2010. The analysis is used to predict the areas where the expected rate of
fire is high. The method is simple; it describes the key variables for the risk under climate
impacts and the spatial pattern of risk. It is suitable for operational use by authorized
services. The risk of forest fire is classified as negligible, small, medium and large.

The database and analysis results were used to build the matrix of risk assessment of
forest fires in Serbia. A great part of the territory of Serbia is relatively highly sensitive to
forest fires. The lowest consequences of climate impacts are visible in the areas of
Kopaonik and Zlatibor. In Serbia, there is no place where there is a negligible risk of fire.

Further research, especially in terms of the relationship between climate change and the
adaptive capacity of existing forest ecosystems, species and existing genotypes, is
urgently needed in Serbia.
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Introduction

Climate and its influence play an important role in the threat of forest fire
occurrence. Many authors (Pyne et al. 1996, Flannigan and Wotton 2001, M.
Flannigan et al. 2009, Zivanovié¢ 2010, Allen CD et al. 2010 Xystrakis et al.
2013) suggest that the occurrence of fire depends on climate and humidity of
combustible materials. Martin et al. (2001) hold the opinion that fire is closely
associated with climate. The greatest risk of fire appears during summer months,
when air temperatures are high, and the moisture content in the air is reduced
(Zivanovi¢ 2014). Areas with the average annual air temperature above 12° C,
rainfall up to 800mm/m’ and the average annual relative humidity up to 70% are
especially vulnerable to fire.

Balance of plant cover mostly depends on air temperature and precipitation.
As a climate element, temperature has a dominant impact on vegetation and the
possibility of the emergence and spread of a fire. The probability of a forest fire
depends, inter alia, on total rainfall (Curi¢ et al. 2013). Trends in the deficit and
surplus of daily, monthly and annual rainfall affect the status of combustible
materials and the possibility of fire (Curi¢ and Zivanovié 2013).

Based on the available climate data, it is possible to derive relevant
information about forest fire potential in a given area (Chandler C et al. 1983).
Today, a great number of methods are being used for risk assessment of the
outbreak and spread of forest fires.

The aim of this work is to perform multi-criteria evaluation of the impact of
climate change as a factor that affects the vulnerability of forests to fires.

Materials and methods

Eastern Serbia is located in southeastern Europe between 18° 39" and 23° 01’
East latitude and 41° 51’ and 46° 11’ North longitude. The Republic of Serbia
covers an area of 88,361km’ with 7,186,862 inhabitants according to the 2011
Census.

Winters in Serbia are short and cold, and summers are warm. The coldest
month is January and the warmest is July. The average altitude is 470m. The
forest coverage in Serbia is approximately 29.1 % of the territory, with deciduous
species dominating.

For the analysis, the data of ground-based meteorological measurements
obtained from 26 meteorological stations in the Republic of Serbia were used. To
assess the risk of forest fires due to climate impact, we used data on the average
values of air temperature, precipitation and relative air humidity for the period
1981- 2010.
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Figure 1. Synoptic Network stations in Serbia

Processing climate data elements provides an opportunity to define the risk
of forest fires. Evaluation of the impact of air temperature, precipitation and
relative humidity on the risk of fires was performed by ranking threats as minor,
small, medium and high significance risks.

General characteristics of climate in Serbia

Basic characteristics of air temperature

The temperature model provides the basic climate characteristics of an area
and has a direct or an indirect influence on the values of other meteorological
elements. High air temperatures affect the physiologically weakening and drying
vegetation (Otorepec Silva, 1991, Craig et al. 2010). Forest trees with shallow
roots living on sunny slopes are especially sensitive to the effects of this factor
(Maria et al. 2004).

Table 1. presents values of average monthly and annual air temperatures
across meteorological stations for the 1981-2010 research period
(www.hidmet.gov.rs).

Table 1. shows that the average annual air temperature in Serbia is 10.5°C.
Air temperatures indicate that for 20 stations air temperature is higher than the
national average. Lower values are in areas at higher altitudes. Average monthly
values for air temperature during the growing season in most meteorological
stations are higher than 10 °C, when the risk of forest fires is increased. The
hottest period is July, with an average daily temperature above 20°C at 22
measuring points. The coldest period is in January, even at 11 stations, with the
measured temperatures lower than 0 °C.
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Basic characteristics of precipitation

The formation, development and composition of forest communities are
caused, among other reasons, by the precipitation regime. The distribution and
quantity of precipitation affect the moisture content of combustible materials
(Curi¢ and Zivanovi¢, 2013) and thus reduce the risk of fire and vice versa.
According to Trabaud (1980), the quantity and distribution of rainfall is an
important climatic factor influencing the spread of fire.

Trabaud observed that the number of fires is exponentially decreasing with
precipitation.

The average annual value of precipitation in Serbia for the period 1981-2010
is 681.4mm.

Table 2. shows that the measured values of precipitation at 9 meteorological
stations are higher than the national average value. The comparison of data on
monthly precipitation shows asymmetrical values for February and June, at a
ratio of 1:2.

Table 2. shows average monthly and annual precipitation for the period
1981-2010. (www.hidmet.gov.rs).

Main characteristics of relative humidity

Moisture content in the air is an element that affects combustible materials
condition. Dry air with low relative humidity increases the coefficient of
evaporation and transpiration, and thus decreases the moisture content of the fuel
material, and vice versa. Humid air, due to high relative moisture, does not
absorb moisture from the material but returns it, causing the material to become
less flammable. Low relative humidity means increased water loss from plants by
transpiration, and photosynthesis decreases, causing the plant to wilt and dry, if
water requirements cannot be recovered from the soil.

From the standpoint of fire protection, particularly interesting are prolonged
periods of low moisture content in the air, when fire risk is increased. Data on the
average monthly and annual average values of relative humidity in Serbia are
presented in Table 3. (www.hidmet.gov.rs).

The analysis of Table 3. data shows that the relative humidity is lowest in the
warmest summer months, and the highest in the coldest winter months. The
numeric values indicating relative humidity decrease from winter to summer, and
then increase again from summer to winter.

The average annual relative humidity of the respective meteorological
stations ranges from 68 to 80 %, which indicates a medium level of saturation of
the ground layer of air with water vapor.
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Average monthly and annual air temperature (°C) for meteorological

stations in Serbia for the 1981-2010 period of analysis.

Station Month v
/Area 1 2 3 4 5 6 7 8 9 10 11 12 cars
Negotin 03 1.9 66 122 177 213 235 228 176 116 55 11 118
Zrenjanin 0.1 1.6 64 120 174 203 222 218 171 119 60 14 115
G\izg}‘s‘t’e 01 15 62 118 170 199 219 215 168 117 60 14 113
Kikinda 02 14 63 119 173 203 223 217 169 116 56 1.1 113
ﬁjfr‘;li‘caa 01 16 64 118 172 199 215 212 166 117 58 14 113
NoviSad 02 16 64 118 173 201 219 216 169 118 59 15 114
Sombor  -0. 14 62 116 171 202 219 213 165 113 54 11 112
Zajetar  -02 12 59 114 168 204 224 217 166 108 48 07 11.0
Pali¢ 04 13 60 116 173 204 223 217 168 114 54 08 112
Belgrade 14 3.1 76 129 181 210 230 227 180 129 7.1 27 125
Kralievo 03 23 68 118 167 198 218 215 168 118 60 16 115
Pozega  -1.6 04 53 102 152 183 200 195 151 102 41 -04 9.7
Kopaonik  -46 -51 -22 20 73 106 127 128 87 50 00 -35 3.6
Leskovac 00 1.7 64 114 164 197 216 212 163 112 55 14 11.1
S.Palanka 07 2.1 65 118 170 201 220 216 168 117 62 19 115
Cuprija 02 1.6 61 115 167 197 215 213 165 114 58 1.5 111
Vianje 0.1 1.8 64 112 160 195 216 216 169 118 57 12 1.1
Valievo 0.6 20 66 116 168 199 219 214 168 117 61 19 114
Zlatibor  -2.1  -13 24 72 123 154 172 175 131 88 32 -12 7.7
Krusevac 02 20 66 118 168 200 218 215 168 116 59 16 114
ng;‘jeva 09 23 66 117 167 200 219 215 169 119 64 2.1 11.6
Sjenica  -3.6 -27 18 65 115 147 165 162 119 78 22 -21 6.7
Loznica 0.8 24 69 118 170 200 218 214 168 119 63 22 11.6
Di“;:g"vg 07 06 50 101 149 182 201 198 153 105 50 08 10.0
Nig 06 24 70 122 171 204 225 223 174 123 64 21 119
Cmivrh 35 30 08 62 117 147 169 170 122 73 16 -23 6.6
S‘:;g?a 04 10 55 107 159 190 209 206 159 109 51 08 105
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Table 2. Average monthly and annual precipitation (mm) for the meteorological
stations in Serbia for the 1981-2010 period of analysis

Station/ Month

Area 1 2 3 4 5 6 7 8 9 10 11 12 Years
Negotin 418 441 476 535508 592 494 475 454 495 584 664 613.6
Zrenjanin 359 300 372 432 554 888 60.0 454 502 439 478 453 5832
gzidkiﬂs’te 450 422 415 572598 816 614 559 575 518 484 507 030
Kikinda 343 268 33.1 43.8 539 755 56.1 49.6 504 41.1 452 46.5 5563
fﬁ‘r‘(‘)svkl‘;a 379 292 404 484 562 844 616 528 503 546 528 456 O42
Novi Sad 39.1 314 425 492 63.0 914 643 575 53.8 527 538 488 6473
Sombor 373 299 364 452 60.0 81.5 662 531 544 473 537 474 6124
ZajeCar 384 398 40.6 532 524 58.1 563 439 443 480 523 540 5814
Pali¢ 334 303 339 44.0 555 80.5 574 522 497 396 481 465 57L.1
Belgrade 469 400 493 56.1 58.0 101.2 63.0 583 553 502 551 57.4 6909
Kraljevo 451 454 529 626 712 922 768 649 59.1 573 56.6 56.1 7403
PoZega 427 419 458 580 748 884 763 59.6 658 571 635 523 7264
Kopaonik 603 659 749 88.7110.6107.1 91.2 803 856 678 783 738 9844
Leskovac 422 457 459 605 558 64.1 442 473 514 511 619 552 6254
?;‘]‘:g]'(a 424 392 436 501 543 787 605 589 564 512 500 518 0372
Cuprija 46.1 454 451 60.6 641 802 57.0 466 522 506 538 565 0582
Vranje 354 383 382 52.0 563 632 447 432 467 524 574 505 5783
Valjevo 499 446 579 599 721 1102 71.0 707 653 629 627 60.6 7877
Zlatibor 654 685 734 79.0 944 1102 963 788 983 782 923 826 10173
Krusevac 403 392 484 56.6 569 712 550 498 500 493 562 55.1 6281
Kragujevac 379 370 423 539 587 764 577 586 51.6 489 495 458 6185
Sjenica 463 474 464 557 715 79.1 669 620 756 624 741 622 7495
Loznica 593 460 657 62.8 782 108.5 852 752 695 73.5 744 69.6 868.0
Dimitrovgrad 395 381 402 543 672 70.0 61.1 525 518 502 528 469 06247
Ni§ 388 368 425 56.6 58.0 57.3 44.0 467 480 455 548 515 5803
Crni Vrh 476 460 502 69.8 774 93.0 685 613 678 665 617 594 769.1

Area Serbia 434 411 468 56.7 649 828 63.5 56.6 579 540 583 553 6814

Table 3. shows that at 15 meteorological stations relative humidity values are
lower than the national average value. Monthly values of relative humidity are
variables from 61 % up to 88 % from dry to very high relative humidity. Within
the analyzed area, the relative humidity in the range between 70% and 75 % is an
indicator of dry weather.
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Table 3. Average monthly and annual relative humidity (%) for the
meteorological stations in Serbia for the 1981-2010 period.

Month
Station/Area Years

Negotin 80 75 69 66 66 63 60 62 69 76 81 8 71
Zrenjanin 8 78 70 66 65 67 66 66 71 74 81 86 73
Veliko Gradiste 83 77 69 67 68 70 68 67 712 714 78 8 73
Kikinda 8 80 71 66 64 66 64 65 71 75 82 87 73
Sremska Mitrovica 87 81 73 69 68 71 71 71 75 78 8 88 76
Novi Sad 85 79 71 67 66 69 68 68 72 76 82 86 T4
Sombor 84 78 70 66 64 65 64 66 71 75 82 86 72
ZajeSar 79 75 71 69 69 68 64 66 71 78 81 8 73
Palié 85 79 71 66 64 64 62 64 70 75 82 87 72
Belgrade 78 71 63 61 61 63 61 61 67 71 75 19 68
Kraljevo 81 75 69 66 69 70 68 68 74 77 79 8 73
Pozega 86 80 74 71 73 75 74 75 19 8 8 87 78
Kopaonik 81 83 82 80 79 79 75 74 80 80 81 84 80
Leskovac 82 77 70 68 69 68 65 66 73 77 81 83 73
Smederevska Palanka 81 75 68 66 67 68 66 66 72 75 718 82 72
Cuprija 82 77 71 68 69 70 68 67 73 77 19 83 74
Vranje 81 75 67 64 65 65 61 60 67 73 79 8 70
Valjevo 82 76 70 68 68 70 67 69 74 78 80 82 74
Zlatibor 83 79 74 70 70 73 70 70 75 78 80 85 76
Krugevac 8 79 73 71 72 72 70 69 74 79 81 85 76
Kragujevac 79 75 69 67 68 68 65 67 72 75 77 81 72
Sjenica 82 80 77 72 72 73 72 73 718 719 81 8 77
Loznica 83 78 71 69 69 71 69 71 76 80 82 84 75
Dimitrovgrad 81 77 70 67 69 70 66 66 71 75 719 82 73
Ni§ 80 74 66 63 65 65 61 61 69 73 77 81 70
Crni Vrh 8 84 79 74 73 75 72 70 77 8 8 86 78
Area Serbia 83 78 71 68 68 69 67 67 73 77 81 84 74

Based on these tabulated data (Table 3), the highest moisture content was
measured in the Kopaonik area, and the lowest in the Belgrade area. Monthly
values indicate that in most areas in Serbia, during July and August, the lowest
moisture content in the air was measured.

Selection of criteria and methods for evaluating the impact of climate on
the risk of forest fire

After identifying climate-related aspects, it is necessary to define criteria for
evaluating the significance of their impact on the risk of forest fires.

Assessment of climate significance involves determination of the
significance of climate-related aspects in the probability of fire occurrence and
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the expected rate of uncontrolled growth and spread of fire. It should be
considered that the significance of the climate impact on the risk of forest fires is
relative and, as such, it is not defined in absolute terms. Criteria for climate
conditions are the levels (values) of significance.

In this case, the method of significance ranking has been put in relation to the
calculation of the risk of forest fires, Tables 4, 5 and 6.

The assessment of the risk of forest fires due to climate impact involves the
evaluation of the impact of air temperature, precipitation and relative humidity.

The most vulnerable areas are those with the average annual air temperature
above 12°C, precipitation of 800mm/m’, and average annual relative humidity up
to 70%.

In terms of climate impact, according to this model, the least affected are the
areas with air temperature up to 9°C, precipitation over 1200 mm and relative
humidity over 80%.

Table 4. Significance of the air temperature factor (SATF)

The average annual air temperature, ~ Estimation of fire incidence rate Rating
°C

Over 12 expected high fire rate 3
9.1-12.0 expected average fire rate 2
upto 9 expected low fire rate 1

Table 5. Significance of the precipitation factor (SPF)

The average annual precipitation, Estimation the of fire incidence rate ~ Rating
2
mm m

up to 800 expected high fire incidence rate 3
801-1200 expected average fire incidence rate
More than 1200 expected low fire incidence rate 1

Table 6. Humidity significance factor (HSF)

The average annual relative Estimation the of fire incidence rate Rating
humidity, %

To 70 expected high fire incidence 3
71-80 expected average fire incidence 2
Over 80 expected low fire incidence 1

The overall forest fire risk factor caused by climate impact is estimated on
the basis of the elements of air temperature, rainfall and relative humidity
impacts, ranked from the lowest to the highest effect. The risk of forest fires in
terms of climate impact is calculated as the sum of probabilities of the
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significance of average annual air temperature, the significance of average annual
precipitation and the significance of relative humidity, as follows:

R=(SATF+SPF+HSF). (1)

Based on this classification, risk (R) can be categorized as negligible, small,
medium and high, as follows:

ISR <3  negligible
3<R< 5 small
5<R< 7  medium

7<R<9  high.

Formula (1) is used to identify the risk of forest fires due to climate impact
for areas in Serbia.

Table 7. Risk assessment matrix

Station ZPF ZATF HSF R Station ZPF ZATF HSF R

Negotin 3 2 2 7 Smederevska 3 2 2 7
Palanka

Zrenjanin 3 2 2 7 Cuprija

Veliko 3 2 2 7 Vranje

Gradiste

Kikinda 2 2 7 Valjevo 3 2 2 7

Sremska 3 2 2 7 Zlatibor 2 1 2 5

Mitrovica

Novi Sad 3 2 2 7 Krugujevac 3 2 2 7

Sombor 3 2 2 7 Kragujevac 3 2 2 7

Zajecar 3 2 2 7 Sjenica 3 1 2 6

Pali¢ 3 2 2 7 Loznica 2 2 2 6

Belgrade 3 3 3 9 Dimitrovgrad 3 2 2 7

Kraljevo 3 2 2 7 Nis 3 2 2 7

Pozega 3 2 2 7 Crni Vrh 3 1 2 6

Kopaonik 2 1 2 5 Area Serbia 2 2 2 6

Leskovac 3 2 2 7
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Table 7. shows that the consequences of climate impacts on forests are the
lowest in the areas of Kopaonik and Zlatibor. According to this model, the risk of
forest fires from climate impacts is the largest in the Belgrade area. Most of the
territory of Serbia has a medium risk of forest fires.

The data obtained using this model are based on the long-term average for
1981-2010. In certain years, differences in average values for climatic elements
were recorded, which affected the condition of combustible materials and forest
fire risk levels.

Conclusion

In forestry science and practice, efforts are constantly being made to protect
forests from fire, in order to make them integral and continual as well as to
improve the methodology of fire control.

Effective monitoring of the impact of climate on vegetation in the region is
critical to forecasting and management of the forest potential. If the impact of
climate change on plant vegetation is implemented in the risk assessment of
forest fires, adverse effects can be minimized.

The analysis under this model indicates that in Serbia there is no place where
there is no likelihood of a forest fire. A large part of this area shows relatively
medium sensitivity to forest fires. Fire danger is greater if lower precipitation is
recorded, especially during periods when air temperatures are extremely high.

Research in genetics and bioengineering may have an important place in the
development of forest fire protection. New plant species in certain areas can
compensate for unfavorable microclimatic conditions, and thus contribute to a
reduction in forest fire risk levels.
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VREDNOVANJE UTICAJA KLIME NA
UGROZENOST SUMA OD POZARA

Stanimir Zivanovic¢

Sektor za vanredne situacije, Kneza MiloSa 103, 11000 Beograd, Srbija

Rezime

U procenama ugrozenosti Suma od pozara, obi¢no se vrsi identifikovanje
faktora i kvantifikovanje stepena opasnosti. Ovaj rad predstavlja pristup
modelovanju rizika Suma od pozara od uticaja klime. Procena uticaja klime se
vr$i na osnovu znacajnosti temperature vazduha, koli¢ina padavina i relativne
vlaznosti vazduha. Analiza je bazirana na meteoroloskim podacima dobijenih sa
26 meteoroloske stanice u Srbiji za period 1981-2010. godina. Jedna od njegovih
koristi je da predvidi podru¢ja na kojima se ocekuje velika ucestalost pojave
pozara. Metoda je jednostavna, opisuje kljuéne varijable rizika od uticaja klime i
prostorni obrazac rizika. Pogodna je za operativnu upotrebu od strane nadleznih
sluzbi. Klasifikacija rizika se rangira od zanemarljivog, preko malog i srednjeg
do velikog. Baza podataka i analiza rezultata koriS¢eni su za izgradnju matrice
procene rizika Suma od poZara u podruc¢jima Srbije. Veéi deo podrucja Srbije je
sa relativno srednjom osetljivos¢u Suma na pozare. Tezina posledica po Sumu od
uticaja klime je mala na podrucju Kopaonika i Zlatibora. Na podru¢ju Srbije
nema mesta na kojima je zanemarljiv rizik od pozara.

Dalja istrazivanja, posebno u odnosima izmedu klimatskih promena i
sposobnosti adaptacije postoje¢ih Sumskih ekosistema, vrsta i postoje¢ih
genotipova, hitno su potrebna u Srbiji.

Kljuéne re€i: klima, rizik, pozar, Sumarstvo.
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