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those of the secretariat or the official views of the author's home countries. Furthermore the 
designations employed and the presentation of the material of this publication do not imply the 
expression of any opinion whatsoever on the part of the Secretariat of the United Nations concerning 
the legal status of any country, territory, city or area, or of its authorities, or concerning the 
delimitation of its frontiers or boundaries. 
 
 
 

ABSTRACT 
 
This issue of IFFN contains national fire reports and dedicated fire research reports from countries on 
the Balkans and the Eastern Mediterranean region. Some of the reports were presented at the 
“Conference on Forest Fire Management and International Cooperation in Fire Emergencies in the 
Eastern Mediterranean, Balkans and adjoining Regions of the Near East and Central Asia”. The 
conference was hosted by the Government of Turkey in Antalya, Turkey, 30 March - 3 April 
2004,and held under the auspices of the Joint FAO/ECE/ILO Committee on Forest Technology, 
Management and Training. Following the conference an international technical and scientific 
consultation “Forest Fire Management in the Balkan Region” was held in Macedonia (4-5 April 
2005),followed by the “Eastern European, Near East and Central Asian States Exercise on Wildland 
Fire Information and Resources Exchange 2005”(EASTEX FIRE 2005), a regional forest fire exercise 
hosted by Bulgaria,20-22 April 2005. The reports reveal the increasing interest of countries in the 
region to share fire management expertise and work together cooperatively in addressing fire 
emergencies. 
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Preface 
 
In the last decade the Eastern Mediterranean Region, including the Balkan countries, 
the ECE member states of the Near East and Central Asia, and other neighbouring 
countries of Central Asia, e.g. Kazakhstan and Mongolia, have suffered major forest 
fires and other wildland fires. Around 2001 it was suggested to initiate a dialogue 
between the countries of the Western and the Eastern ECE region aimed at 
enhancing cooperation in fire management and fire science. In 2004 the 
FAO/UNECE Team of Specialists on Forest Fire and the Global Fire Monitoring 
Center (GFMC) organized the “Conference on Forest Fire Management and 
International Cooperation in Fire Emergencies in the Eastern Mediterranean, 
Balkans and adjoining Regions of the Near East and Central Asia“. The 
conference was hosted by the Government of Turkey in Antalya, Turkey, 30 
March - 3 April 2004, and held under the auspices of the Joint FAO/ECE/ILO 
Committee on Forest Technology, Management and Training. The objectives of 
the conference included the establishment of a permanent forum on cooperative fire 
management in the Eastern Mediterranean, Balkan and adjoining Regions of the 
Near East and Central Asia, and to initiate mechanisms for information and 
resources exchange in forest fire management within the region, including the 
establishment of partnerships for joint activities in fire research, training and policy 
development. The conference participants proposed governments and international 
organizations of the region to establish mechanisms for sharing resources in large 
fire emergencies in accordance with existing international procedures. The 
conference report, including the „Antalya Declaration“, was already reported in 
detail in IFFN No. 31 (2004).  
 
This issue of IFFN is providing country reports and reports on dedicated fire 
research of the Southeast Europe / Balkan region, particularly from the host 
country Turkey, which were presented at the conference. The follow-up activities 
of the conference and related to the Antalya Declaration in 2005 reveal the strong 
interest of the Balkan countries to intensify networking through the newly 
founded “Regional Southeast Europe Wildland Fire Network” operating under the 
UN international Strategy for Disaster Reduction (UNISDR). 
 
I take this opportunity to thank the editor of IFFN and head of the Global Fire 
Monitoring Center (GFMC), Professor Johann G. Goldammer and his team, for 
their support in facilitating this important regional dialogue. 
 
 

 
Marek Belka 

Executive Secretary 
UN Economic Commission for Europe 
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Determination of Fire Danger Based on Weather Measurements Using GIS: 

A Case Study in Southern and Western Turkey 
 
Abstract 
 
This study presents fire danger for fire prone areas in southern and western part of Turkey. Fire 
danger was determined based on statistical models developed to predict fuel moisture contents based 
on weather conditions in normally stocked, even-aged red pine and black pine stands. Geographical 
Information Systems (GIS) was used to analyze and report the results of the study. 
 
In the case study, fuel moisture contents for 13 different regions were calculated based on daily 
weather data for the last 11 years during the fire season (April to October). Then digital fire danger 
maps were produced using GIS. Fire danger was divided into four groups based on fuel moisture 
contents; low (>%30), moderate (%20-30), high (%10-20), and extreme (%0-10). This way, day to day 
changes of fire danger among the regions could easily be mapped. The results obtained should be 
invaluable in all phases of fire management planning. 
 
 
Introduction 
 
Forest fires have a profound effect on and one of the most important factors threatening the continuity 
of forest resources in Turkey. The ability to predict fire danger in any area and make the fire planning 
based on this prediction is extremely important in overall fire management planning. In order to predict 
fire danger, it is necessary to have comprehensive knowledge of fuel characteristics and fire weather 
effects on fire danger. The conditions required for a successful fire ignition are related to moisture 
contents of fine fuel and duff layer on the forest floor (Olsen, 1960; Schroeder, Buck, 1970; 
Montgomery and Cheo, 1971; Countryman, 1974). 
 
In the recent years, many countries have had their systems set up to calculate fire danger potential 
based mostly on fire weather measurements. These systems are generally called “Fire Danger Rating 
System (FDRS). Fire Danger Rating Systems developed to predict fire potential and rate fire danger 
are decision support tools for fire organizations through providing the needed information. For the 
system to function properly, information gathered should be accurate, timely and in a usable form. 
Existing forest inventories have been prepared for necessities of varies forest services and so have 
different forms. Here, systems are required to collect, store, integrate, manipulate, analyze, and 
display spatially oriented information in a form necessary for wildland fire planning. In this regard, GIS, 
which have many application fields, can be quite useful (Bilgili, 1999). One of the most important 
features of GIS is that due to its capability of spatial analysis and manipulation, it is a decision support 
tool for fire planning, management and decision-making.  Simple or complex, GIS can store, manage, 
analyze and manipulate geographical information which, otherwise, is not possible to realize by 
classical methods (Bilgili et al., 2002). GIS could be used effectively for fire prevention, fuel 
management, pre-suppression and suppression planning. 
 
In this study, fire danger situations were determined for fire prone areas in the southern and western 
part of Turkey using statistical models (Sağlam, 2002) which were developed to predict fire danger 
based on the relationships between weather and fuel moisture contents in normally stocked even-
aged red pine and black pine stands. Fire danger situations were mapped using GIS and suggestions 
presented for overall fire management planning. 
 
 
Material and Methods 
 
This study presents fire danger situation for 13 different regions based on models developed to predict 
fuel moisture content in standard fuel types and assessments on digital map produced using GIS. 
 
The location of meteorological stations, daily meteorological data derived from these stations and the 
digital map coverage obtained from completed project (GISLAB, 2002) were entered into the GIS, and 
fuel moisture contents of 13 different region were calculated using fuel moisture prediction models 
(Sağlam, 2002). Then, fire danger situation maps were produced using the database. Fire danger was 
divided into four groups based on fuel moisture contents; low (>%30), moderate (%20-30), high (%10-
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20), extreme (%0-10). Finally, daily fire danger situations were determined based on meteorological 
parameters for different regions. Arc/InfoTM and Arc/ViewTM GIS software (ESRI, 1993; 1996) were 
used to store, analyze and display the results.  
 
 
Results 
 
Fire danger between the neighbouring regions showed differences during the same days. Figure 1a 
shows that fire danger calculated based on Fine Fuel Moisture Content (FFMC) was high and extreme 
on 2 May on Aegean and Mediterranean coasts while it was low and moderate in the inner part of 
Aegean and Marmara regions. For 6 May fire danger generally increased in some areas, which 
previously had low level of fire danger on 2 May, especially in the inner part of Aegean region while 
fire danger decreased in the Mediterranean region (Figure 1b). On the following day, on 7 May, fire 
danger decreased in some parts of Aegean and Mediterranean coast (Figure 1c). 
 
According to Duff Moisture Contents (DMC) calculations, on 2 May, fire danger was moderate only in 
Mersin province in the Mediterranean region and low in the others (Figure 1d). In some of these 
regions, high and extreme fire dangers occurred on 6 May and 7 May (Figures 1e and 1f). 
 
As for the month of July, The fire danger and ignition potential were relatively higher as expected. 
According to the FFMC, fire danger was high and extreme in the Aegean and Mediterranean regions 
on 1 July and 5 July (Figures 2a and 2b) but low in the upper portion of Aegean and Marmara regions 
on 6 July (Figure 2c). According to DMC, especially on 5 July, high fire danger was noted in the part of 
Aegean and Mediterranean coast (Figure 2e). 
 
According to FFMC, the assessment of fire danger situation with respect to region for September 
indicated that fire danger was higher in Mediterranean region than in Aegean on 8 September, and fire 
danger was low especially in the inner part of Aegean and Marmara region (Figure 3a). As for 11 and 
15 September, fire danger was high and extreme on the south of Marmara, Aegean and 
Mediterranean coast (Figures 3b and 3c). Figure 3d shows that fire danger that was calculated based 
on DMC was high only on the Mediterranean coast, and moderate in other areas on 8 September. For 
11 September, in the whole area fire danger was low and moderate (Figure 3e), and for 11 
September, no danger was present except for the province of Izmir, Adana and Mersin (Figure 3f). 
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Figure 1. Fire danger situations based on Fine Fuel Moisture Content (FFMC) and Duff Moisture 
Content (DMC) in early May in Southern and Western Anatolia, Turkey. 
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Figure 2. Fire danger situations based on Fine Fuel Moisture Content (FFMC) and Duff Moisture 
Content (DMC) in early July in Southern and Western Anatolia, Turkey. 
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Figure 3. Fire danger situations based on Fine Fuel Moisture Content (FFMC) and Duff Moisture 
Content (DMC) in September in Southern and Western Anatolia, Turkey. 
 
 
 
Discussion 
 
In this study, fire danger situations were determined for the fire prone areas in the southern and 
western part of Turkey using statistical models which were developed to predict fire danger based on 
the relationships between weather and fuel moisture contents. Great differences occurred in fire 
danger, especially in ignition probability as exemplified by the FFMC, on different days in different 
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regions. These differences were a result of the variations in weather. The results presented in this 
study clearly shows that fire danger rating is extremely important and should, therefore, be a part of 
any fire organization. 
 
Fire danger situation for an area where meteorological parameters are available can easily be 
determined and then presented to fire organizations. But, predictions are only as good as the quality of 
the weather measurements used in the predictions. It is, however, difficult to obtain fire weather 
measurements in many areas of Turkey since the network of meteorological stations do not effectively 
represent the whole area in question. Thus, the fire weather network should immediately be completed 
in all fire prone areas of the country. 
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A Critical Approach to the Calculation Method of Economic Value of Forest Fire 

Damages in Turkish Forestry: A Case of Forest Enterprise From Mediterranean Region 
 
 
Abstract 
 
The paper presents an approach to calculate fire damage in a forest area from the forest economics 
standpoint. The damage calculated using the approach presented here and the one determined by the 
State Forest Enterprise were compared for a burned area in Kumluca State Forest Enterprise, Antalya. 
When the land revenue from area, the general administration costs and the alternative costs of the 
labour used for extinguishing the fire (out of SFE’s staff) are taken in to consideration, it seems that 
about 26.6 billion Turkish Liras (TL) (= $US 42,980) have been ignored. This is approximately 12 % of 
the compensation value calculated by SFE.  
 
Keywords: Sustainable forestry, Turkish forestry, Forest fires, Economic value of forest fire damages. 
 
 
1. Introduction 
 
Today, the rapid population increase and technological developments increase the importance of 
effective, productive and most importantly sustainable use of forest resources. At this point, 
sustainable forestry plays a key role in attaining the goal of sustainable development. However, there 
are some biotic and abiotic factors affecting the sustainable forestry (Türker et al., 2001a). 
 
Turkish forests are under the threat of many factors such as forest fires, insect, fungus, storm, snow, 
pollution and illegal uses. As in all other countries of the Mediterranean basin, forest fires are one of 
the most important destruction factors both environmentally and economically. In Turkey, 58% of 
forests have sensitive characteristics regarding the forest fire (GDF, 2002). 
 
In Turkey, the calculation method of fire damage is quite inadequate in its current application. Because 
the General Directorate of Forestry (GDF) is only taking into consideration the market value of 
products burned and the suppression and reforestation costs. So, there are some criticisms from the 
interest groups, especially Non-Government Organisations (Türker et al., 2002). 
 
The purpose of this paper is to propose an approach to calculate fire damage. 
 
 
2. Materials and Methods 
 
Along with the relevant literature on forest fires and statistical information in Turkish forestry, the 
management records of an area burned in 2000 in Kumluca State Forest Enterprise, Antalya were 
also used as a research material in this study. 
 
In the study, firstly some basic theoretical information is given about the determination of approximate 
value of forest fire damage from a forest economics standpoint, and then the economic value of forest 
fire damage is determined. Lastly, to evaluate the current method in Turkish forestry, economic value 
of the forest fire damage calculated for a sample area has been re-calculated by also taking into 
consideration some of additional cost items that should be calculated and the result has been 
compared with previous result. 
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3. Findings 
 
3.1 Determination Methods of Forest Fire Damages 
 
3.1.1 Determination of Approximate Damage Value in a Forest Fire from Forest Economics 

Perspective 
 
The types of damage can be classified as below (Firat 1971; Acun 1976; Firat and Miraboğlu 1977): 

• Damage arisen from cutting the stands in the fire area earlier 
• The loss of revenue obtained from the land during the years when it is unplanted 
• The share of the burned land in administrative expenditures during the years when it is 

unplanted 
• The level of damage caused by fire to the surrounding forests 
• The loss from problems in management plans and decreases in non-wood forest products 
• The cost for changing or redesigning the management plans 
• The damages to the wildlife 
• The decrease socio-cultural services of forests 
• Damage caused by fire in environmental values 
• Damage caused by fire in recreational services 
• Damage caused by fire in watershed 
• Reforestation costs 
• Damages occurred out of forest 

 
 
3.1.2 Currently used Method of Forest Fire Damages in Turkish Forestry 
 
The damage value at the end of forest fires is calculated as follows (Türker, 1997; Anonymous, 2002; 
GDF, 2000; Türker et al., 2001a; Türker et al., 2002): 
 

• After fire, a technical person on site prepares a Fire Damage Report. The damage level of 
seedlings, growing stock damaged by fire, the necessity of reforestation and also level of 
reforestation, the percentage of non-valuable part of growing stock burned by fire and the 
feeding expenditures made for people who work in forest fire are calculated based on the 
values in this report. 

• The growing stock obtained after fire and not valued in market is classified as timber, mine 
pole etc. and its volume is determined in terms of volume according to current values in the 
management plan. 

• The market value of growing stock damage is calculated by multiplying these volume values 
with the unit price determined by the relevant SFE according to Forest Law No: 6831 and 
article 112, by extracting the harvesting, transportation and stacking costs from the average 
value of auction sales in the relevant year. 

• Then, the reforestation costs are calculated by multiplying the amount of the area which must 
be reforested after fire with the unit cost of reforestation determined by the relevant SFE 
according to Forest Law No: 6831 and article 114. 

• On the other hand, costs of fire suppression (costs for machine use and food for workers) are 
calculated according to the Fire Damage Report. 

 
In brief, the total damage cost arisen from a forest fire for a forest enterprise is the sum of market 
value of output burned by fire, reforestation cost, suppression cost and expenditures for the workers 
including the expenses of petrol and oil etc. necessary for cars. The decreases in the economic, 
environmental and social values due to burning is not taken into consideration in the calculations.  
 
 
3.2 Economic Evaluations of Forest Fire Damages in Turkish Forestry: Kumluca SFE 

Example 
 
3.2.1 Calculation of Forest Fire Damages with Current Application: Kumluca SFE Example 
 
Here, a 417 ha forested area burned in 2000 is used as an example. The types of damage and values 
calculated by the relevant SFE are shown in Table 1 (Anonymous, 2000). 
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Table1. Types and Values of Damages caused by Forest Fire according to SFE 
 

Damage Values Damage Types (x 1000 TL) $US 1 
Timber Damage 80 352 000 129 991
Reforestation Cost 118 932 570 192 405
Extinguishing Cost 2 27 981 695 45 268
Total Damage Value 227 266 265 367 664

1 1 $US = ~620,000 TL (as of time of writing the manuscript) 
2 Extinguishing costs include food, fuel, and premium for workers and helicopter costs etc.  
 
The damage types taken into account were timber damage, reforestation cost and extinguishing cost. 
Since there were no seedlings in the burned area, any damage calculation related to the seedlings 
was not made. 
 
 
3.2.2 Damage Types Added to Damage Calculations 
 
As a result of comparing the method currently applied by GDF in Turkish forestry to determine the 
economic value of damage occurred after fire with a new method developed from a forest economics 
standpoint, it is possible to state the following evaluations (Firat, 1971; Acun, 1976; Ünal, 1990; 
Türker, 1997; Türker et al., 2001a; Türker et al., 2002). 
 
3.2.2.1 Deprived Revenues While Forestland Unplanted Following the Fire 
 
In the current application, after fire, the loss of revenue, which the SFE will be left without revenues 
from the forestland during the years that might be unplanted, is not included in the damage value. In 
another word, after a fire, if the forest area burned by fire cannot be replanted by SFE for any reason, 
the revenue from forest area for the years the land remain unplanted should be included in the 
damage calculation. 
 
This is calculated by using the following formula (Firat and Miraboğlu 1977; Miraboğlu 1979): 
 

n

n

P
PBK

0.1
)10.1(

0
−

=  

 
Where; K0 is the revenue from the land for empty years, B land value, n period that the forest area 
remained empty after fire, p interest rate. 
 
Here, B land value is a value used by GDF to use for land allocations and calculated as equivalent of 
the loss arisen from destruction of forest area and the decrease in the performance capacity of site. 
This value was calculated for the year of 2000 as 400 million TL/ha. Research area remained empty 
for 2 years (n) and P interest rate is taken as 3 %. According to these data, the revenue from the land 
for empty years can be calculated as follows: 
 

2

2

0 03.1
)103.1(400000000 −

=K   =  22,961,636 TL / ha 

 
As the forest area burned by fire is 417 ha, the total revenue from the land is as follows: 
 

417 x 22,961,636  =  9,575,002,212 TL (= $US 15,490) 
 
3.2.2.2 General Administration Costs While Forestland Unplanted Following the Fire  
 
In the current application, the share of the forest area in general administration cost is not reflected in 
fire damage costs. After forest fires, if it is impossible that the forest areas burned by fire are replanted 
by SFE, the share of forest area in the general administration expenditures which the SFE must spend 
every year should also be reflected in fire damage costs. But, these items have also been ignored in 
the calculation of fire damage value. 
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It is also possible to calculate the share of the forest area burned by fire in the general administration 
expenditures for empty years as follows: 
 

n

n

PP
PvK

0.10.0
)10.1(

0 ×
−

=  

 
Where, K0 is the capital value of the general administration expenditures spend during empty years 
after fire, v annual general administration expenditure per ha and p forestry interest rate. 
 
The general administration cost has been calculated as 4,587,707 TL/ha for Kumluca SFE in 2000 
(Anonymous, 2000). As the area has been remained 2 years as unplanted and interest rate is 
accepted as 3%, the administration cost per ha is 
 

2

2
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)103.1(4587707

×
−

=K   =  8,778,427 TL / ha 

 
Then, as total area is about 417 ha, the share of the forest area in the general administration costs is 
 

8,778,427 x 417  =  3,660,604,059 TL (= $US 5,922) 
 
3.2.2.3 Alternative Labour Costs 
 
In current application of Forest Damage Report, the expenditures done for work machines used for fire 
suppression and food costs for suppression workers have been calculated. Thus, the damage value is 
under its real value. Furthermore, the alternative costs of labour force, motor/less vehicles, helicopter, 
chemicals etc. used in extinguishing the forest fires should be calculated. 
 
Tens, some times, hundreds of people, soldiers, obliged person and the other citizens, work night and 
day to extinguish forest fires. To determine the reel cost of forest fire suppressions, the alternative 
costs of this labour force must be included in the calculation of forest damage value. 
 
179 people including soldiers, forest villagers, and dweller in surrounding places, worked in example 
forest fire. The alternative labour costs of these persons can be determined by the formula (Türker et 
al., 2001a): 
 

DTWPALC ×××=  
 
Where; ALC is alternative labour cost, P the number of person worked in forest fire, W average wage 
per hour, T average working time in a day, D the number of working day. 
 
Of 513 people who worked in the fire, just 334 persons are employees of the SFE, the remaining (A) 
179 are not (Anonymous, 2000). According to the data provided by State Institute of Statistic, the 
average wage per hour for December of 1999 was 1 330 000 TL (SPO, 2000). And also, (C) 8 hours is 
accepted as the average working time in a day. Since the fire was put out in 7 days, the number of 
working day is accepted (D) 7 days. Using these data, the alternative labour cost is calculated as:  
 

ALC = 179 x 1,330,000 x 8 x 7  =  13,331,920,000 TL  (= $US 21,568) 
 
3.2.2.4 Some Other Damage Types 
 
When the damage value concerning the growing stock is calculated in Fire Damage Reports prepared 
by the SFEs, only cutting value of growing stock is taken into account. This value may indicate true 
results for mature stands. But it will not be appropriate for other stands that are midway through the 
developmental stages. Because the growing cost value stock calculated for young stands or the 
growing stock expectation value for the stands at the middle ages will be more than the calculated 
growing stock cutting value. 
 
In our example, the cutting age for the stand in management plan is 60 year and burned stand age is 
about 40 or 50 years. Thus, cutting value of growing stock found in Fire Damage Reports prepared by 
the SFEs can be substituted for the damage value for growing stock after fire. Similarly, the costs of 
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physical and moral damages incurred during the fire should be added to the fire suppression costs. In 
addition, the every kind of health expenditures must also be added. The cost of every kind of 
protective measures to be taken and staff and equipments to be appointed should be subjected to the 
calculations. If the backfire technique is used to prevent the current forest fire, the damages arisen 
from second fire should also be added to the compensation. Such items were not added to the 
calculations in this study, as simply these were not present.  
 
One other deficiency in the Fire Damage Reports prepared by the SFEs is that the loss of non-wood 
forest products is not reflected to the calculation of fire damage compensation. To eliminate this 
deficiency, firstly, the inventories of national forests’ secondary products or non-wood forest products 
should be completed and according to the type of annual or periodic utilisation from these resources, 
the revenue deprived by the SFE should be subjected to the compensation. As there is no available 
inventory of non-wood forest products for the forest area burned by fire as well as for all over the 
country, such a calculation couldn’t be realised. 
 
3.2.3 Comparison of Current Calculation with that of the proposed Calculation 
 
When the land revenue from area, the general administration costs and the alternative costs of the 
labour used for extinguishing the fire (out of SFE’s staff) are taken in to consideration, it seems that 
about 26.6 billion TL ($US 42,980) have been ignored. This is approximately 12 % of the 
compensation value calculated by SFE. When the other items mentioned above are added to the 
damage value in future, it is obvious that the reel damage value would reach greater values. Adding 
the suggested damage types to the damage calculation caused damage value per ha to increase from 
$US 882 to $US 985. 
 

Table 2. Comparison of Current Calculation with Suggested Calculation 
 

Damage Values Damage Types (000 TL) $ $/ha 

Current 
Application 

Damage Value 
Calculated by Kumluca 
SFE 

227 266 265 367 664 882

Deprived Land 
Revenues 9 575 002 15 490 37

General Administration 
Costs 3 660 604 5 922 14

Alternative Labour Costs 13 331 920 21 568 51

Added 
Damages  

Total Added Damage 
Values 26 567 56 42 980 103

Total Damage Value 253 833 791 410644 985
 
 
4. Conclusion and Recommendations 
 
There is some negativity such as clearing for agricultural purposes, illegal cuttings, grazing, forest fires 
etc. obstructing the management of forest resources according to the multiple use and sustainability 
principles in Turkey. The forest fire is one of the negativities occurred in Turkish forestry (Türker et al., 
2001). 
 
The cost of damage occurred as a result of forest fires was calculated as US$ 9,604,402 for the whole 
country in 2002 in Turkey (GDF, 2002). However, this amount indicates only minimum damage 
because of the reasons mentioned above. 
 
In Turkey, people are a main factor causing the forest fires. In this case, it is important that human 
being must be taken into consideration for the protection of forests from fires. Especially, the training 
of a part of society related to the forests is required. Also it is necessary to determine the economic 
aspect of fire damage (Türker et al., 2001a). 
 
It is seen that the damage value reaches to 26.6 billion TL (US $ 42,980). This is about 12 % of the 
damage value (227.3 billion TL = $US 367,664) calculated by using current application for the sample 
forest area. This is just a result of adding the three items to the damage value calculation. However, as 
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the other items that cannot be added to the calculation because of various reasons are taken into 
account, the damage value in question will reach to greater figures. 
 
On the other hand, the forest fires are also a negative externality for forest resources and forest 
management activities. In this case, the compensation value calculated according to this approach will 
indicate the minimum compensation value, although all cost items are taken into account. Because, 
that a forest area is destroyed by fires, it means that it will be deprived of many positive externalities 
such as erosion prevention, regulation of water regime, carbon storage etc. provided by that forest 
area (Türker et al., 2001b). Consequently, considering the positive externalities deprived as a result of 
forest fire, it is seen that the calculation of real compensation value is very difficult and the amount 
calculated shows only minimum value of compensation. 
 
In the calculation of current fire damage compensation in Turkish forest management, in the short run, 
a few items might be added to the calculation by using available inventories. In the middle and long 
run, other cost items can also be added to the calculation when transforming into intensive forest 
management practices. To reflect this damage calculation approach into current application, related 
legal framework should be revised. 
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The Impact of Forest Fire Damages on the 
Total Economic Value of Forest Resources in Turkey 

 
Abstract 
 
Forests like other natural resources perform a set of functions to meet the needs of people. It is 
usually impossible to state the monetary value of all goods and services provided by forest resources 
in most countries. These goods and services are generally called as non-market goods and services. 
Therefore, the valuation of non-market goods and services as a research area is receiving greater 
importance rapidly in Turkey as well as in other countries. 
 
The sum of all values, which a natural resource has, is accepted as Total Economic Value (TEV). 
There is no definite and rigid rules about the components of TEV and therefore, many different 
approaches have been discussed about this concept. In another word, the items forming the TEV are 
classified into main and sub-components such as positive and negative externalities or use, non-use, 
option, existence and bequest values.  
 
The negative externalities such as erosion, forest fires and illicit fuelwood consumption have a 
negative impact on the TEV of Turkish forest resources. The economic value of negative externalities 
reduce the TEV from $US 1,071,087,995 to $US 897,480,458. According to the result of this study, 
the impact of forest fire damage is 5% of total negative externalities. 
 
In this study, the TEV concept will be reviewed briefly for Turkish forestry, and then the negative 
externalities of Turkish forests as its TEV components will be presented and lastly the negative impact 
of forest fire damages currently calculated and to be calculated by adding some new items on the TEV 
of Turkish forest resources will be discussed as far as possible from the social-economic and 
environmental points of views. 
 
 
1. Introduction 
 
Forests like other natural resources perform a set of functions to meet the needs of people. It is 
usually impossible to state the monetary value of all goods and services provided by forest resources 
in most countries. These goods and services are generally called as non-market goods and services. 
Therefore, the valuation of non-market goods and services as a research area is getting importance 
rapidly in Turkey as well as in other countries. 
 
The sum of all values, which a natural resource has, is accepted as Total Economic Value (TEV). 
There are no definite and rigid rules about the components of TEV and therefore, many different 
approaches have been discussed about this concept. In another word, the items forming the TEV are 
classified into main and sub-components such as positive and negative externalities or use, non-use, 
option, existence and bequest values (Perman et al., 1995; Adamowicz, 1995; Merlo and Briales, 
2000; Türker et al., 2003a).  
 
As the forests occupy so much space in the World, forestry necessarily involves positive and negative 
externalities. As sustainable natural resource, forests produce many positive externalities or external 
economies, such as regulation of climate, conservation of biodiversity, carbon storage, erosion control 
and other non-wood values. Conversely such biotic and abiotic events as faulty management 
practices, erosion, avalanche, forest fires, are examples of negative externalities to forestry (Türker et 
al. 2003b). 
 
Forest fires are one of the most important destruction factors causing the big losses of forest 
economics and the national economy by destroying the Turkish forest resources. About 58 % of 
Turkish forests are sensitive to forest fire (GDF 1999). 
 
Although the extents of threats and damages constituted by the forest fires occurring in Turkey are 
extremely important, the calculation method of fire damage compensation and the relevant damage 
varieties subject to the compensation are quite inadequate in current application. Because the General 
Directorate of Forestry (GDF), which is the most important organization that all forest management 
activities are undertaken as connected to the Ministry of Forestry, is taking into consideration the 
market value of products burned in the relevant area and the costs of reforestation and extinguishing 
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relating to the burned area in the calculation of fire compensation (GDF 1999). Therefore, there are 
some opinions and criticisms arisen from the target groups, which are directly or indirectly interested in 
forestry, especially Non-Government Organizations about the very low amount of fire damage 
calculated by the GDF (Türker et al., 2001). 
 
On the other hand, forest fires, which are accepted as a negative externality of forest resource, have 
been thought to have a decreasing effect on the TEV of forest resources being discussed. Therefore, 
it is a must to accurately evaluate the fire damage on the economical value of forests. Because, the 
correct calculation of compensation value arisen from the fire damage is crucial task for forest 
manager in order to lead in to right directions. Both in Turkey and Worldwide, negative and positive 
externalities of forests and forestry should be determined to promote sustainable forestry and 
sustainable development. Forest management and administrative activities should involve these 
externalities. Furthermore, sustainability and multiple-use principles should be pursued (Türker et al., 
2003b). In this study, the TEV concept will be reviewed briefly for Turkish forestry, and then the 
negative externalities of Turkish forests as its TEV components will be presented and lastly the 
negative impact of forest fire damages currently calculated and to be calculated by adding some new 
items on the TEV of Turkish forest resources will be discussed as far as possible from the social-
economic and environmental points of views. 
 
 
2. Total Economic Value of Turkish Forests 
 
The value of Turkish forests annual outputs, calculated with all the reserves previously expressed, first 
of all limitation to values that have been calculated and neglect of many other values, can be 
summarized according to the components of TEV in Table 1. 
 

Table 1. Forest Values by TEV Categories 
 

Components of TEV Type of Outputs Value ($US) % 
Wood Forest Products 449,815,000 41.9 
Non-Wood Forest Products 86,044,495 8.0 
Grazing 225,000,000 21.0 
Hunting 17,800,000 1.7 
Angling 20,148,000 1.9 

Direct Use Values 

Recreation 2,000,000 0.2 
Indirect Use Values Carbon storage 158,400,000 14.8 
Option Value Pharmaceuticals 112,500,000 10.5 
Existence Value Biodiversity Conservation 1,380,000 0.1 
Positive TEV Components 1,071,087,995 100.0 

Erosion -125,000,000 72.0 
Forest fires -8,607,537 5.0 Negative Externalities 
Illicit fuelwood -40,000,000 23.0 

Negative TEV Components -173,607,537 100.00 
TEV 897,480,458 - 

Sources: Türker et al. (2002a) and Bann and Clemens (2001) 
 
As seen in Table 1, the shares of erosion, forest fires and illicit fuelwood consumption in the negative 
TEV components, which are the negative externalities of Turkish forest resources, are 72.0%, 5.0 %, 
and 23.0% respectively. In this case, the biggest share in the negative TEV components of Turkish 
forest resources is erosion and the second one is illicit fuelwood consumption. The impact of forest 
fires on the total economic value of forest resources in Turkey is about 5% of total negative 
externalities. 
 
 
3. Negative Externalities as a Total Economic Value Components of Turkish Forests 
 
After mankind passed to settled life, they constitute pressure on the forests in order to expand their 
living area, to gain arable land and to graze their animals. Previously they see the forests as wood raw 
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material source and easily obtainable land by cutting forests. But, today, they recognized many 
ecological benefits supplied by forests (SPO 2001). 
 
Due to rapid increase in population and necessity, forest resources have been destroyed and the 
forest areas decreased more and more. Therefore, people are more sensitive about the benefits 
obtained by them from forests and the negative consequences of the destruction of forest resources 
by fire. Some of these benefits and losses, especially unpriced with the market price, are identified as 
the externalities of forestry activities (Türker et al., 2003b). 
 
Today, due to increasing importance of forest resources, the determination of externalities in the 
forestry practices becomes important for the society. For this purpose, various attempts at regional, 
national and international levels have been realised by individuals and institutions. One of these 
researches is an international project called as MEDFOREX, whose findings were used for evaluations 
in this paper, and carried out by European Forest Institution Regional Project Centre. In the coverage 
of this project, it is aimed that the negative and positive externalities linked to forests and forestry in 
the Mediterranean Countries were evaluated from the different aspects of issue (EFI, 2000). 
 
In the coverage of watershed management, the benefits such as erosion prevention or soil 
conservation, preventing floods and avalanche may be expressed among the positive externalities of 
forests (EFI, 2000). Consequently, most of these benefits are obtained from the losses prevented by 
forests. 
 
Furthermore, there are many positive externalities provided by forests such as increasing landscape 
quality, carbon storage, regulating climate, increasing water quality and purification, biodiversity and 
providing sustainability of local ecosystems (EFI 2000). Similarly, these benefits, which are also called 
as environmental services of forests, are quite important especially for the sustainability of natural 
ecosystem balances and for preserving continuously physical and psychological health of individuals 
in the society. 
 
On the other hand, the negative externalities occurred by the interferences to forests can be 
summarised as follow: erosion, floods and avalanche events due to poor or no forest management 
and the losses in the landscape quality due to increasing the intensive use of forest lands may be 
accepted as negative externalities. 
 
Forest fires arisen from many different reasons, the losses such as biodiversity and landscape value 
occurred due to plantation forestry, the losses of recreational value arisen from poor management and 
intensive plantation forestry might also be accepted as negative externalities of forests (EFI 2000). 
Currently, the economic value of forest fire damage in Turkey has been calculated as follows (GDF 
1999; Anonymous 1999): 2 
 
General Total Loss  = the loss of completely burned wood + reforestation cost + extinguishing costs 

= $US 2,222,978 + U$ 4,548,601 + $US 1,835,958 
= $US 8,607,537 

 
With this figure, the impact of forest fires on the total economic value of forest resources in Turkey is 
about 5% of total negative externalities. The forest fires are also a negative externality for forest 
resources and forest management activities. In this case, the compensation value calculated 
according to current approach will indicate the minimum compensation value, although all cost items 
are taken into account. Because, that a forest area is destroyed by fires, it means that it will be 
deprived of many positive externalities such as erosion prevention, regulation of water regime, carbon 
storage etc. provided by that forest area (Türker et al., 2002a). Consequently, considering the positive 
externalities deprived as a result of forest fire, it is seen that the calculation of real compensation value 
is very difficult and the amount calculated shows only minimum value of compensation. 
 
In Turkish forest management, one of the most important reasons of using such a method in 
calculation is that the production of wood raw material based forest products is considered and applied 
as a priority goal. Therefore, in the forest resource subject to fire damage, the calculation of wood raw 
material based compensation by taking into consideration the growing stock instead of multiple uses 
has been realised and the ecological and environmental values or externalities of forests are not 
added to the calculation. However, in the burned forest area, it should be considered that not only 
                                                      
2 The forest area damaged by the fires is 5804 ha. This figure was used as a quantitative indicator in calculation. 
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growing stock, but also many ecosystem elements such as soil, micro-organisms, game and wildlife, 
every kinds of plants and recreational services provided by forest resources, macroclimate etc. would 
be destroyed by the forest fires (Türker et al., 2001; Türker et al., 2002b). 
 
As a result, in the calculation of current fire damage compensation in Turkish forest management, in 
the short run, a few items might be added to the calculation by using available inventories. In the 
middle and long run, other cost items can also be added to the calculation when transforming into 
intensive forest management practices. For this reason, firstly the production of the versatile products 
and services obtained from the forest resources should be determined as a management objective. 
Then a comprehensive inventory based on the forest ecosystem and considering the multiple use 
benefits should be realised. Thanks to these inventories, the occurrences related to forest fire before 
and after fire should be recorded by the staff of SFE in detail. 
 
 
4. Discussion 
 
The negative externalities such as erosion, forest fires and illicit fuelwood consumption have a 
negative impact on the TEV of Turkish forest resources. The economic value of negative externalities 
reduce the TEV from $US 1,071,087,995 to $US 897,480,458. According to the result of this study, 
the impact of forest fire damage is 5 % of total negative externalities. The forest fires are very 
important for Turkish forests because of its location in the Mediterranean region. About 58% of Turkish 
forests have sensitive characteristics with regard to forest fire. Regarding the rate (58%), the portion of 
forest fire (5%) in the negative externalities is very low. The case is a result of current calculation 
method. If the compensation value is calculated according to the new approach, the amount of 
compensation value and consequently the rate of forest fire in the negative externalities will be higher. 
This main objective of this study is to open the issue to discuss with other researchers and managers. 
 
The cost of damage occurred as a result of forest fires, which bring the continuity of forest resources 
and the life of all life community living in the system based on forest ecosystem to an end, was 
calculated as $US 8,607,537 for whole country in 1999 (GDF, 1999). However, this amount indicates 
only minimum damage because of the reason mentioned above. 
 
Whereas, the non-wood forest products, especially endemic species damaged by fire, the alternative 
cost of labour forces used for extinguishing fire and briefly the cost items examined above are not 
taken into consideration in this calculation. Also to deprive of revenues from the land left as unplanted 
after forest fire and the share of the land under consideration in the general administration costs have 
not been taken into account (Türker, 2000; Türker et al., 2002). Therefore, there are some opinions 
and criticisms arisen from some groups, especially Non-Government Organizations which are directly 
or indirectly interested in the forestry, that the amount of fire damage calculated by the GDF is at very 
low levels, and that the damage incurred by fires need to be calculated more precisely. 
 
Likewise, cost items not calculated in practice for forest fire damage compensation and those 
previously discussed are taken into consideration such as: 

• The revenue not obtained from the land for the years left unplanted after fires, 
• The share of the forest area burned by fire in the general administration cost, and 
• The alternative costs of labour force used for extinguishing forest fire 

 
It is seen that the damage compensation value for a forest fire occurred in Surmene State Enterprise 
Forests reaches to 11.3 billion TL. This is about 11 % of the compensation value (10.6 billion TL) 
calculated by using current application for the model forest area burned by fire (Türker et al., 2001). 
The rate is about 23% in other calculation for a forest fire occurred in Torul State Forest Enterprise 
(Türker et al., 2002b). This is just a result of adding the three items to the compensation calculation. 
However, as the other items that cannot be added to the calculation because of various reasons are 
taken into account, the compensation value in question will reach to greater figures. The impact of 
forest fire damage on the total economic value of Turkish forest resources would be more than 5% of 
total negative externalities as the real amount of forest fire compensation is calculated by adding some 
new items mentioned previously according to the forest economics perspective. 
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The Vital Role of Geographic Information Systems to Fight Forest Fires 
 
Abstract 
 
Forest fires lead to disastrous consequences such as huge economic and ecological losses in every 
country. Turkey has accumulated great deal of experience in forest fires. Nevertheless, because of 
under-utilisation of relevant technological tools, Turkey has not been able to make adequate use of 
this experience. Unless fire managers be able to use relevant technological tools, however, it is 
unlikely to be effective and achieve desirable outcomes. The most critical issue of fire fighting is to 
manage it, since decision-making is extremely crucial when there is a fire. Experience of technicians 
makes a difference during a fire. But that would be hardly enough to give right and timely decisions. 
Thus, in addition to know what to do during a forest fire, it is vital for a fire fighting management to 
have relevant information to make fast and right decisions to reduce costs. Related decision support 
systems such as Geographic Information Systems (GIS) are invaluable in this respect. GIS help a fire 
management to give right and timely decisions not only with required paper maps and other related 
outputs of the area, but also with the simulation of the fire through a simulation program integrated to 
the system. This paper will introduce GIS with the particular focus of simulation programs they 
integrate and provide some samples for their applications. 
 
Keywords: forest fire management, geographic information systems, simulation models 
 
 
1. Introduction 
 
Forest fires might lead to disastrous consequences such as huge economic and ecological losses in 
Turkey, Eastern Mediterranean, Balkans and adjoining regions of the Near East and Central Asia and 
many other regions. On the other hand, discussions have arisen on whether fire is a disaster or a 
natural phenomenon (Landsberg, 1997). Although public opinion and media approach fire as a 
disaster, forest fire researchers advocate that it is a natural occurrence that shapes function and 
structure of forest and other ecosystems. Researches on this subject support the idea that fire is a 
natural and ecosystem-regenerating phenomenon. Therefore, prescribed fire can be used in forest 
resource management for recycling of nutrients, regulating plant succession and wildlife habitat, 
maintaining biological diversity, reducing biomass, and controlling insect and disease populations 
(Rideout et al., 2003). 
 
No matter what we think of either fire, whether as a natural phenomenon or a disaster, it is an 
emergency we must not leave unconfined. Thus it is critical to have the right data, at the right time, 
displayed logically in order to respond and take appropriate action in this emergency. If right data are 
not provided, decision will be made with inadequate information. This costs time, money, and in some 
cases lives (Johnson, 2000). 
 
When fire statistics are reviewed it stands out that larger fires have little percentage in the number of 
fires but they constitute greater than the half of total burned areas. Actually these large fires have 
caused huge economic and ecological losses and aroused public interest. Either in large fires or in 
prescribed fires it is hard to manage fire suppression activities. This is because adequate information 
is needed therefore on like fuel type, fuel condition, terrain data (slope, aspect, elevation), weather 
data (wind, temperature, etc), other vegetation data (canopy cover, stand height, crown base height, 
etc), condition and position of fire fighting personnel and equipment, natural barriers, water resources 
of near environment, threatened settlement, establishment storing or producing dangerous material, 
and other information in relation to fire and see it on the map as a war commander. Otherwise, 
whatever experiences you have, it will be miraculous to subscribe fires by memorizing all this 
information in mind and making necessary management plans. 
 
Most of the data requirements for fire fighting management are of a spatial nature and can be located 
on a map. Using GIS in an emergency as a decision support system bears great advantages. In other 
words, during the forest fire it will be easier and faster to make decision by looking at the maps and 
other GIS outputs of concerning fire areas or simulation model of fires in computer compared to 
expressing verbally. GIS provides a mechanism to centralize and visually display critical information 
during an emergency (Johnson, 2000). 
 
Without ability or possibility of using GIS, forest fire management will be affected negatively in Turkey, 
Eastern Mediterranean, Balkans and adjoining regions of the Near East and Central Asia. In fact, use 

  



 
 

94

of GIS would greatly contribute to the better application of previous experience in fire management. 
The critical point where experiences show it is the management of a fire suppression operation. At this 
point if you don't have enough experiences or information making a decision you get shilly-shally and 
nothing to do without waiting for burn out itself. Thus whenever make a decision faster and right GIS is 
necessary as an emergency management system. Today GIS help to manage various emergencies 
such as wildfires, tsunami, floods, earthquakes, hurricanes, epidemics, chemical cloud dispersion, and 
oil spills, etc. (ESRI, 2000). 
 
GIS provides fire manager with right and timely information not only with required paper maps and 
other related outputs of the area, but also with the simulation of the fire through a simulation program 
integrated to the system. This paper will introduce GIS with the particular focus on simulation 
programs they integrate, and will show some examples for their applications. 
 
 
2. Geographical Information Systems in Forest Fire Management 
 
A Geographic Information System (GIS) may be defined as "...a computer-based information system 
which attempts to capture, store, manipulate, analyze and display spatially referenced and associated 
tabular attribute data, for solving complex research, planning and management problems". GIS 
belongs to the class of computer systems that require the building of large databases before they 
become useful. Unlike many microcomputer applications where a user can begin use after the 
purchase of the hardware and software, the use of a GIS requires that large spatial databases be 
created, appropriate hardware and software be purchased, applications be developed, and all 
components be installed, integrated and tested before users can begin to use the GIS. These tasks 
are large and complex, so large in fact, as to require substantial planning before any data, hardware or 
software is acquired (Becker et.al., 1996). 
 
Over the past decade the geoinformatic field has evolved from a highly specialized niche to a 
technology with broad impact on society and its interaction with nature. Geographic Information 
Systems (GIS) applications now range from simple navigation to critical and extremely complex tasks, 
such as prediction and management of natural disasters. Due to the increased use of GPS, faster 
access to geo-referenced data, expanding field of remote sensing and real-time monitoring, GIS 
technology is entering many new disciplines and industries and GIS is becoming a part of general 
computational infrastructure. It is therefore natural that geospatial tools are being developed also 
within the Open Source and Free Software community (Mitosava and Neteler, 2002). 
 
Thanks to developments of telecommunication and computer area it is possible to store large amount 
of data in mobile computer and transfer data from main database by wireless communication. Thus 
mobile or non-mobile fire management headquarter can be established during the forest fire. 
 
The software components of geoinformation technology have a profound impact on the capabilities to 
effectively use the spatial data for solving a particular problem. To ensure continuous innovation and 
improvement, existence of diverse approaches to GIS software development is crucial. Besides the 
widely used proprietary systems, an Open Source and Free Software GIS plays an important role in 
adaptation of GIS technology by stimulating new experimental approaches and by providing access to 
GIS for the users who cannot or do not want to use proprietary products (Mitchell et al., 2002). GRASS 
(Geographic Resources Analysis Support System) is one of the most widely used GIS software 
especially in natural resources, and it has developed under GNU General Public License. Some 
modelling modules (erosion modelling, rainfall-runoff modelling, storm water runoff, hydrologic 
modelling, watershed calculation, floodplain analysis, landscape analysis, wildfire spread simulation) 
of GRASS offers great challenges. Data transfer from known GIS software has been solved. It has got 
both raster and vector GIS capabilities, image processing and other graphics functionality. 
 
The applications of the GIS are increased and detailed parallel to software and hardware 
developments. GIS has become an important tool in various branches of forestry. One of the 
applications of GIS in forestry is forest fire. Forest fire applications of GIS, can be classified in three 
main categories: 
 

• Establishment of real-time fire risk and hazards database, 
• Analysis of database for making decision during the forest fire, 
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• For better prediction of forest fire behaviour, making simulations by simulation software 
integrated to GIS software or self executed. 

 
Second and third categories of above will be focused on in this paper. A good example study of first 
category has been completed by Southwest Anatolia Forest Research Institute of Turkey. 
 
Existing main database must contain fire data useful for GIS in fire management headquarter 
established during the fire. If this data is available, desired information (for example: elevation, slope, 
aspect, fuel model, canopy cover, canopy height, canopy base height, fuel moisture, roads, water 
resources, etc.) will be acquired rapidly by queries and analysis of main database (Figure 1). Beside 
two-dimensional spatial outputs, this information can be seen on the digital elevation model of the 
same area. 
 

Elevation Aspect Slope 

Fuel types 

 
 
 
 
 
 
 
 
 
 
 

Canopy Stand height 

 
Crown base height Digital elevation model (roads draped) 

 
Figure 1. Some fire related GIS layers 
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3. Forest Fire Simulation Models 
 
Resource management requires increasingly more effective fire management. Fire managers require 
ways of evaluating the various elements affecting ignition potential and probable fire behaviour for 
proper fire control and use. Fuel, weather and topography are the main factors that affect fire 
behaviour (Hawkes et.al., 1995). 

Although these factors can be seen directly 
on the output of GIS as a GIS levels, it is 
better to see their modelling in the simulation 
software environment for predicting fire 
behaviour perfectly. Some of this simulation 
software is working in integration with GIS 
software, and the others work as a self-
executables. This software helps managers 
to make fast and reliable decision during 
wildland fire or prescribed fire. Simulation 
software has different functions and models. 
These models can be categorized by various 
points of view but classification suggested 
from Andrews and Queen is rather 
meaningful (Andrews and Queen, 2001) 
(Figure 2). 
 
Fire environment models describe the 
conditions that can be defined before a fire 
event. The results are used in fire 
characteristics models, which are in turn 
used by first order effects models. Those 
immediate and local effects plus many other 
influencing factors are then used to calculate 
secondary effects. 
 
Simulation software is used widely in the 
USA and Canada, and developed 
continuously. To highlighting the subject a 
simple example of wildfire simulation was 
realized through wildfire simulation modules 
(r.ros, r.spread, r.spreadpath) of GRASS 
Open Source GIS Software. In these 
modules, developed by Jianping Xu and 
Lathrop (1995), Rothermel's wildfire 
mathematical model has been used. 
Because of open source code of modules, 
making any desired changes are possible. 
 
Since it was not possible to obtain relevant 
data, a sample data of FARSITE simulation 
program has been processed by GRASS, 
after it was transformed into an appropriate 
format. To render this transfer “.shp” files 
imported by “v.in.ogr” command and “.asc” 
files imported by “r.in.ascii” command. 
Because fuel moisture (live fuel moisture, 1 
hour moisture, 10 hour moisture, 100 hour 
moisture) and weather data (wind speed, 
wind direction) read from raster map in 
GRASS, FARSITE text data were converted 
into separate raster maps by “r.reclass” 

command. After data transferring has been completed first they were entered “r.ros” wildfire module 
and produced four maps (base rate of spread, the maximum rate of spread, the direction of the 
maximum rate of spread, the maximum potential of spotting distance) to use in “r.spread” module. 

 
FIRE ENVIRONMENT 
Pre-fire conditions  
 Fuel type, description  
 Fuel condition, moisture content 
 Weather --wind, temperature, etc.  
 Terrain--slope, elevation, aspect  
 
FIRE CHARACTERISTICS 
Processes that take place during the fire  
 Ignition 
 Extinction  
 Fire state -- flaming or smouldering 
 Flame dimensions -- length, height, depth 
 Intensity 
 Rate of fire spread 
 Fuel consumption 
 Emissions -- gaseous and particulate 
 Heat transfer above the surface 
 Heat transfer below the surface 
 
 
FIRST ORDER FIRE EFFECTS 
Prompt and local--measurable within a few days 
after the fire and restricted almost totally to the 
burned area  
 Reduction in fuel loading  
 Exposure of mineral soil  
 Mortality or thermal injury to vegetation  
 Chemical and physical response of fire-
heated soil  
 Local air quality 
 
SECONDARY FIRE EFFECTS 
Removed from the fire area and/or resulting after a 
longer time delay  
 Erosion  
 Smoke transport and dispersion  
 Health effects due to air quality 
 Wildlife habitat change  
 Water quality change 
 Economic impact  
 Visual change of the landscape  
 Global climate change  
 
Figure 2. Fire modelling is categorized as fire 
environment, fire characteristics, first-order fire 
effects, and secondary fire effects. Examples are 
given for each category (Andrews and Queen, 
2001). 
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Then these raster maps and other data were processed in “r.spread” to simulate forest fire desired 
location and duration (Figures 3, 4). 
 

 
Figure 3. Simulation results overlayed aspect map 

 
Figure 4. Simulation results overlayed fuel map 

 
4. Conclusions 
 
A new era has been started with the advent of GIS in management of natural resources and urban 
environment. Developments not only in GIS and related disciplines but also in computer and 
telecommunication areas have improved the acquirement, storage, and communication of data. These 
developments have led to rapid increase in GIS applications and development of GIS software in 
various areas of applications. One of such areas is forestry. Of course, GIS has branched into many 
areas in forestry (for example: watershed applications, silvicultural applications, forest inventory and 
management applications, forest fire applications, etc.). Either natural phenomenon in regeneration of 
ecosystems or a disaster causing economic and ecological losses, forest fire is an emergency to be 
dealt with carefully and systematically. In such a situation forest fire managers need information about 
elements affecting fire. Some of this information is spatial and obtainable through GIS. In addition to 
this information, fire behaviour is predicted by simulation software to help fire managers make better 
decisions. 
 
In order to utilise GIS economically and productively for fire emergency management in Turkey, 
Eastern Mediterranean, Balkans and adjoining Regions of the Near East and Central Asia, the 
following criteria are taken into consideration: 
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- Existing geographic database must be used (development of database only for fire 
management would be insufficient and redundant) 

- If there is not any existing geographic database, the need of forest fire information must be 
considered in database planning and design 

- Fuel related data (fuel loading, fuel moisture, etc) that is crucial element of fire behaviour 
should be updated frequently 

- Database has to incorporate the criteria (attributes) for fuel type classification 
- Telecommunication infrastructure that enables data transfer from main geographic database 

must be constructed 
- Existing or new simulation software should be tested in forest fires. 

 
As a result, although GIS has vital role in fire management activities as a state-of-the-art decision 
support system, the most important component is the staff with the experience and expertise in forest 
fires and GIS. 
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IN MEMORY 
 

Frank Albini 
1936 – 2005 

 
Frank Albini, fire behaviour research scientist from 1973 to 1985, died of cancer at the age of 69 on 3 
December 2005. He was born in Madera, California where he graduated from high school. He 
attended the California Institute of Technology and earned a B.S. in Aeronautical Engineering in 1958, 
and a year later an M.S. in Mechanical Engineering. He was awarded a Ph.D. Mechanical Engineering 
and Philosophy from Cal Tech in 1962. 
 
The wildland fire community is fortunate that Frank felt the call to do fire behaviour research. He was 
drawn to Missoula Fire Sciences Laboratory not only by the interesting subject matter and the 
opportunity to make a contribution, but also by outdoor opportunities offered by the State of Montana. 
Many friends, family, and colleagues have fond memories of hunting and fishing adventures shared 
with Frank. 
 

 
 
In an invited paper for American Scientist titled Wildland Fires (1984) Dr. Albini focused on the current 
state of knowledge about the behaviour of wildland fires. Following is the concluding statement in that 
paper: “The list of poorly understood phenomena can be expected to lengthen for some time to come 
because research in this field is still in its infancy. As the base of knowledge grows, new puzzles will 
emerge, and explanations that were once accepted will be challenged as their implications are 
explored. But useful results have been produced from the present level of understanding, and 
continued research should yield substantial rewards in terms of safer, more economical control and 
use of wildland fire.” 
 
He not only made advances in understanding and describing basic fire phenomena, but also 
formulated models such that they could be applied. Many of his models form the core of widely used 
decision support systems.  
 
Among Frank’s early influential accomplishments at the Fire Lab (USDA Forest Service, Rocky 
Mountain Research Station) was development of nomograms for calculating fire spread rate and 
intensity. Nomograms continue to be used as a training aid and as a field tool for estimating fire 
behaviour. He also developed and documented FIREMOD, an early computer program for fire 
behaviour and fire effects prediction. Frank played an important role in the implementation of 
mathematical models as tools for fire managers. 
 
Frank conducted analytical and experimental research studies on basic processes governing 
behaviour of free-burning fires in forest and rangeland fuels. His research addressed flame structure, 
radiation driven mechanisms of fire spread, soil heating, and crown fire spread. He developed models 
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for fire spotting distance, fire containment, and the consumption and intensity of the burning of large 
woody fuels. He modelled wind flow into a forest, upslope convective winds, midflame wind speed, 
and the response of free-burning fires to nonsteady wind. 
 
He was an internationally recognized authority on modelling the behaviour of wildland fire, making 
presentations and doing cooperative research in Australia, Germany, Russia, Canada, Japan, China, 
and Portugal. He assisted with the planning and execution of the International Crown Fire Experiment 
with US and Canadian Forest Services, burning full scale crown fires for data to test a radiation-driven 
crown fire spread model, which was published in 2004.  
 
Frank had a wide range of talents and interests. He had both a deep and a broad knowledge of many 
subjects. He was an editor and referee for several technical journals and the author of over 100 
refereed papers (many classified). Many who knew Frank through his wildland fire research are not 
aware of his extensive contributions to other fields. He had 20 years experience in defence-related 
research and development activities on topics including weapons systems analysis, system 
component performance assessment and prediction, and ballistic missile defence. He worked for 
Hughes Aircraft, the Institute for Defence Analysis, General Research Corporation, and Science 
Applications International Corporation.  
 
In his book, Young Men and Fire (1992), Norman Maclean wrote of Frank Albini “In addition to being a 
brilliant scientist, he turned out to have a quiet, persuasive literary style that helped to make him an 
effective half-concealed salesman for the extended uses of mathematical models in the woods.” 
 
He applied his exceptional knack for explaining complicated concepts in understandable terms to 
teaching and writing about wildland fire behaviour. As a Research Professor of Mechanical 
Engineering at Montana State University from 1992-2001, in addition to teaching introductory 
thermodynamics and advising senior design teams, he taught first year calculus in provost’s 
experiment to discover why students are so weak in math.  
 
Frank has been described as an unassuming, down to earth, uncommonly brilliant, and interesting 
person. Ever the thinker, teacher, and communicator, the following is from a letter he wrote six weeks 
before his death: “I have known frustration and fulfilment, success and failure, deprivation and reward, 
rebuke and acclaim. Though each negative experience was painful to endure, it made the positive the 
more poignant. How much more gratifying is acknowledgement after having endured scorn for the 
effort to achieve. How much more enjoyable is good health after enduring the pains of injury and 
disease. How much more rewarding is the thrill of discovery after enduring the agony of the quest and 
the repeated disappointments that seem to accompany all exploration.” 
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