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INTRODUCTION

Forest fires cause significant social and economic loss 
as well as ecological damage within the forest ecosys-
tem.  Fuel moisture contents in the forest floor are one 
of important factors for forest fire behavior and intensity 
due to their role as a possible ignition (Mutch, 1970; 
Weise et al., 1998; Carlson and Burgan, 2003; Chandler 
et al., 1983; Van Wagner, 1977).  Forest fuel moisture 
contents are strongly related to fire spread rate and igni-
tion during fire danger seasons.  They have been recog-
nized crucial factor for implementing a forest fire danger 
rating system in many countries (Jack and John, 1985; 
Stocks et al., 1989; Anderson, 2005; William et al., 2006; 
Andrew et al., 2009).  Much effort has focused on forest 
fuel moisture contents to determine the probability of 
forest fire spread and ignition in live and dead fuel in 
forestland.  For example, the forest fire danger rating sys-
tem, as part of the Fire Weather Index System of Canada 

has been developed to link the moisture contents of for-
est fuel to daily weather condition (Stocks et al., 1989; 
Lawson and Armitage, 2008).  Forest fuel moisture con-
tents are affected by various meteorological factors (tem-
perature, precipitation, humidity, dew, etc.), internal for-
est fuel factors (specific heat, equilibrium moisture, water 
diffusion rate), and external forest fuel factors (fuel type 
and size) (Simard, 1968).  Meteorological factors in the 
forestland are highly related to changes in moisture con-
tents from different types of dead forest fuels thereby 
indicators of the potential ignition index. 

 Dead forest fuel include fallen small branches and 
leaves of coniferous or broadleaf trees, and herbaceous 
plant on the forest floor (Aguado et al., 2007).  The mois-
ture contents of dead fuel are affected by changes in 
meteorological condition such as temperature, humidity 
and rainfall.  Furthermore, the loss and gain of moisture 
in the fuel resulting from various atmospheric activities 
depend on physicochemical and physiological character-
istics of the forest fuel (Simard, 1968).  Many studies on 
changes of dead forest fuel moisture contents due to 
meteorological dynamics were conducted to develop the 
fire danger rating system by utilizing the Fire Weather 
Index in Canada and USA, resulting in the development 
of fuel moisture codes (Van Wagner, 1974; Jack and John, 
1985).  The Korean fire danger rating system has devel-
oped to forecast the daily forest fire possibility by utiliz-
ing fuel moisture contents and daily weather observation 
during the fire danger seasons in the spring (February 
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1st to May 15th) and in the fall (November 1st to December 
15th).  However, most fire danger rating systems has not 
reflected changes in actual forest fuel moisture contents 
in the forest floor because the moisture index for the rat-
ing system typically uses meteorological data from the 
adjacent weather station.  Dead forest fuel moisture 
which affect forest fire ignition and potential are sensi-
tive to meteorological changes (temperature, humidity, 
wind, rainfall etc.) depending on different forest settings.  
Moreover, as dead forest fuel generally exists in the sur-
face layer of the forest, understanding the relation 
between forest fuel moisture content and meteorological 
factors within the forestland is critical to implement 
more accurate forest fire prediction system.  Therefore, 
it is important to consider meteorological dynamics based 
on in–situ observation within the forestland than at the 
weather stations.  In the present study, we investigated 
meteorological changes within forestland during forest 
fire danger seasons (spring and fall) and examined effect 
of weather factors on the change in forest fuel moisture 
content.

DESCRIPTION AND METHOD

2.1. Site description 
The study area is located in the Kangwon National 

University campus (N 37° 52′ 01.33″, E 127° 44′ 48.15″), 
Chuncheon, Korea.  The study site was chosen based on 
accessibility to the laboratory and relative easiness to 
collect repetitive dead leaves and similarity of vegeta-
tion.  The study area has a humid climate characterized 

by long, hot summer and long, cold winter.  Precipitation 
falls mainly during summer monsoon period with a 30 
year average of 1,347 mm.  30 year average temperature 
is 11.1°C (Chuncheon weather station; 37° 53′ 59.545″ 
N, 127° 44′ 16.387″ E, altitude above sea level 76.82 m).  
The University campus forests consists of mixed conifer-
ous and deciduous stands.  Overstory vegetation is 
Pinus densiflora of similar age with a lesser component 
of mixed hardwood.  Common hardwood species are 
Quercus dentata and Quercus mongolica.  General 
characteristics of the study area are shown in Table 1 
and Figure 1. 

2.2. Experimental methods 
2.2.1 Fuel sampling and fuel moisture content anal-
ysis 

Fallen Pinus densiflora leaves and Quercus den-
tata leaves were collected and analyzed to examine the 
forest fuel moisture content during three consecutive 
years of the forest fire danger seasons in spring (March 
1–May 5, 2013, February 1–May 15, 2014, and February 
1–May 15, 2015) and fall (November 1–December 15, 
2013, November 1–December 15, 2014, and November 
1–December 15, 2015).  At the same hour (15:00 pm) 
each day, we collected three replicates of two leaf types 
(Pinus densiflora leaves and Quercus dentata leaves) 
from forest floor in which each sample was 10 g in 
weight.  The collected leaves was moved to laboratory 
and left in a dry oven at 105°C for 48 hours and weighed 
again. 

Fuel moisture content is expressed as difference in 
weight between the fuel weight before drying and the 
fuel weight after drying to the fuel weight after drying 
(Viney, 1991).  To derive fuel moisture content (FMC), 
the following formula is used (Viegas et al., 1992; Desbois 
et al., 1997; Aguado et al., 2007): 

 FMC (%) = (Ww – Wd) / Wd × 100		  (1)

 Where, Ww is the fuel weight before drying, and Wd 

is the fuel weight after drying.

 2.2.2 Weather data analysis
To examine the effect of weather factors on forest 

Table 1.  General conditions of the study area

Location

Average 
tree 

height
(m)

Average 
tree DBH

(cm)

Average 
crown 
width
(m)

Average 
clear–
length
(m) 

N 37° 52′ 01. 33″
E 127° 44′ 48. 15″

12 22 6 6

Slope gradient
(˚)

Slope 
aspect

(˚)

Litter layer 
depth
(cm)

Trees per 
ha

Altitude
(m)

21 250 2.5 700 128

Fig. 1.  Location of the study site .
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fuel moisture content, we installed a small instrument 
shelter in the study area and placed a weather–measur-
ing device (HOBO Data Logger, U12–012) to measure 
the temperature (°C) and relative humidity (%) every 
hour from March 1st, 2013 through December 15th, 2015.  
The daily and monthly observation means were calcu-
lated for each weather factor measured within the forest, 
and their relationships with changes in forest fuel mois-
ture content were analyzed.  Furthermore, the analyzed 
weather factors were compared with temperature and 
humidity data from the same period, as measured by the 
Chuncheon weather station (Korea Meteorological 
Administration, 2016).  Due to difficulty in rainfall meas-
urement within the forest, the rainfall data from the 
Chuncheon weather station (CWS) was utilized.  These 
precipitation data were used to examine the changes in 
the dead fuel moisture content with time (number of 
days) after precipitation.  However, after daily precipita-
tion below 0.5 mm, precipitation did not affect the forest 
fuel moisture content, thus during the study period, days 
with below 0.5 mm of precipitation were excluded.  The 
SPSS (SPSS Statistics ver. 20) statistics program was 
used to examine the relation between in–situ weather 
data measured within forestland, the station weather 
data, and the forest fuel moisture content. 

RESULTS AND CONSIDERATION

3.1. Comparison of two different weather meas-
urements

We compared difference in weather data between 
in–situ weather measurements within forestland and the 
CWS (Table 2).  Overall, temperature in the forest was 
typically higher than the CWS in middle of March and 
April, but February and May showed little temperature 
differences during the fall forest fire danger season, the 
average temperatures in both in–situ weather measure-
ments within forestland and the CWS tended to gradu-
ally decrease with time, and the end of November 2014 
had lower average temperature than 2013.  Unlike the 
spring forest fire danger season, differences between in–
situ weather measurements within forestland and the 
CWS were not significant during the fall season.

During the 2013 spring forest fire danger season, the 
average temperature in the CWS was 4.7°C, and 6.4°C in 
the forest, making the forest about 1.9°C higher.  During 
the fall forest fire danger season, the average tempera-
ture was 2.0°C in the CWS and 2.4°C in the forest, show-
ing that forest temperature tended to have lower tem-
perature.  In 2014, the average temperature in spring was 
slightly higher in the forest (CWS: 9.2°C, forest: 9.8°C), 

Table 2.  Comparison of weather factors between in–situ measurement within forest land and the CWS observation

Year

CWS Forest land

month
T

(°C)
MA. T
(°C)

MI.T
(°C)

RH
(%)

T
(°C)

MA. T
(°C)

MI.T
(°C)

RH
(%)

2013

3 4.4 11.6 –2.2 60.0 6.1 21.2 –1.3 53.0 

4 4.8 12.0 –2.1 58.9 6.4 21.4 –1.3 52.3 

5 5.0 11.9 –1.7 60.5 6.6 20.7 –0.9 53.5 

mean 4.7 11.8 –2.0 59.8 6.4 21.1 –1.2 52.9 

11 2.9 8.7 –2.1 69.8 3.1 10.4 –1.7 70.0 

12 1.0 6.7 –2.7 86.6 1.6 7.7 –2.4 84.6 

mean 2.0 7.7 –2.4 78.2 2.4 9.1 –2.0 77.3 

2014

2 0.2 6.8 –4.9 64.8 0.9 14.3 –5.3 63.7 

3 6.8 13.5 0.3 57.3 8.1 23.6 0.7 54.2 

4 13.4 20.9 6.0 57.2 14.3 24.6 6.6 54.4 

5 16.2 23.4 10.0 59.6 16.1 24.7 9.7 63.1 

mean 9.2 16.1 2.8 59.7 9.8 21.8 2.9 58.9 

11 5.3 10.6 0.5 73.1 5.2 11.3 0.2 72.8 

12 –4.3 0.3 –9.1 60.8 –4.4 1.0 –9.1 62.5 

mean 0.5 5.5 –4.3 67.0 0.4 6.1 –4.4 67.7 

2015

2 –1.0 5.1 –6.5 69.7 –0.6 7.6 –6.0 67.2 

3 5.6 13.1 –1.7 50.0 6.3 18.7 –1.5 46.4 

4 13.2 20.3 6.3 55.2 13.6 23.2 6.4 55.6 

5 18.2 24.2 11.4 59.4 17.9 24.8 11.4 62.0 

mean 9.0 15.7 2.4 58.6 9.3 18.5 2.6 57.8 

※. T : Average Temperature, MA.T : Average Max. temperature,  MI.T Average Min. temperature, RH : Average Relative 
Humidity  
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and in fall it was slightly lower in the forest (CWS: 0.5°C, 
forest: 0.4°C).  There were similar trends in the 2015 
spring forest fire danger season (CWS: 9.0°C, forest: 
9.3°C). 

As for max temperatures, during the 2013, 2014, and 
2015 spring forest fire danger seasons, the forest tended 
to have higher values.  In the case of fall season, forest 
had higher max temperatures than the CWS in both 
2013 and 2014.  The CWS station had slightly higher min 
temperatures than the forest in the spring and fall sea-
sons in 2013, however in 2014, there was little tempera-
ture difference between the forest and the CWS.  In the 
2015 spring forest fire danger season, the forest had 
slightly higher values of min temperature.  Overall, the 
spring season tended to have lower humidity than the 
fall season.  During the spring, the relative humidity in the 
forest was lower than in the CWS, but there was no dif-
ference during the fall forest fire danger season between 
the two.

During the entire in–situ weather measurement 
period within the forest, the average temperatures and 
max temperatures for the spring forest fire danger sea-
son had higher than the fall, and min temperatures for the 
fall season tended to be higher than the spring.  Also, 
the spring season had lower humidity than the fall.  These 
results closely connected to the fact that the occurrence 
of forest fires has been higher during the Korean spring 

forest fire danger season (average 60% forest fire occur-
rence during the last 10 years) than in the fall forest fire 
danger season (average 10% forest fire occurrence during 
the last 10 years) (Korea Forest Service, 2015). 

Total precipitation was higher in the spring forest 
fire danger season (112.3 mm) than in the fall season 
(27 mm) of 2013 while in 2014 it was lower in the spring 
(25.7 mm) than in the fall (39.4 mm) (Table 3).

3.2. Forest fuel moisture content 
The monthly average moisture content of the dead 

Quercus dentata leaves and the Pinus densiflora leaves 
(Figs. 2) tended to be lowest in February and highest in 
December.  In the current study, the results was respon-
sible for less precedent moisture condition in forest lit-
ter layer resulting from less precipitation fell in February, 
2014.  Also, the overall monthly average moisture con-
tent was higher in the Pinus densiflora leaves than in 
the Quercus dentata leaves, and this trend was due to 
physicochemical characteristics in leaves among two tree 
species.  Generally, Pinus densiflora leaves was thin and 
long with oval shape causing small surface/volume ratio.  
These differences allow them to adhere easily in the lit-
ter layer than Quercus dentata leaves after they fall to 
the litter, leading to higher moisture content (Scott and 
Burgan, 2005).  Also, Pinus densiflora leaves is decom-
posed relative slowly than Quercus dentata leaves 
thereby having higher moisture holding capacity.  Among 
different fire danger seasons, it was found that the fuel 
moisture content in the fall season (Pinus densiflora, 
23.3%, Quercus dentata 22.4%) was higher than that of 
the spring season (Pinus densiflora: 21.4%, Quercus 
dentata 20.2%).  However, there existed difference in 
the fuel moisture content among years.  In 2013, the 
moisture content of both leaf types was higher in the 
spring season than in the fall season while in 2014 the 
fall season had higher than the spring.  It is believed that 
this trend is closely related to the amount of precipita-
tion.  In 2013, the spring had more precipitation than the 
fall while in 2014, the fall season had more precipitation 
than the spring (Table 3). 

Table 3.  Relation between fuel moisture contents and precipita-
tion during forest fire danger seasons (spring and fall)

Year Month
Fuel moisture contents (%) P

(mm)PD QD

2013

3 29.6 29.8 24.5

4 31.1 31.0 66.6

5 30.1 30.2 21.2

mean 30.3 30.3 112.3

11 26.6 28.5 27

12 26.3 23.3 0

mean 26.5 25.9 27

2014

2 15.9 15.7 0

3 13.1 11.1 4.3

4 12.0 13.0 7.5

5 13.8 12.2 13.9

mean 13.7 13.0 25.7

11 21.9 18.7 28.3

12 26.8 27.9 11.1

mean 24.4 23.3 39.4

2015

2 20.9 20.3 23.1

3 26.2 21.7 13.5

4 21.0 22.9 22.3

5 24.2 16.4 23.4

mean 23.1 20.3 82.3

※. Qd : Quercus dentata Thunb. ex Murray, Pd : Pinus 
densiflora Siebold & Zucc., P : Accumulated Precipitation

Fig. 2.	� Change in average fuel moisture contents of two species 
leaves during three consecutives years. (QD FMC: Quercus 
dentata Thunb. ex Murray Fuel Moisture Contents.  PDFMC: 
Pinus densiflora Siebold & Zucc.   Fuel Moisture Contents.) 
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3.3. Relation between forest fuel moisture content 
and weather factors

We examined the relation between forest fuel mois-
ture content and various weather factors measured in 
both the forest and the CWS as shown in Table 4. 

We found significant relations between weather data 
and forest fuel moisture content.  In the case of the 
Pinus densiflora leaf, max temperature, relative humid-
ity, and daily precipitation observed in the CWS showed 
significant relationship with the dead leaf moisture con-
tent while max temperature and relative humidity meas-
ured within the forest showed significant relation.  Also, 
average temperature, relative humidity, and daily pre-
cipitation observed in the CWS had significant relation 
with the dead leaf moisture content of Quercus dentata 
while average temperature, max temperature, and rela-
tive humidity measured within the forest were closely 

related to the dead leaf moisture content of Quercus 
dentata. 

We also examined the seasonal relation between 
weather factors measured in both the forest and the 
CWS and the dead leaf moisture content (Table 5).  In 
the case of the CWS observation during the spring forest 
fire danger season, the dead leaf moisture content of 
Pinus densiflora was closely correlated with relative 
humidity and precipitation, while for Quercus dentata, 
the dead leaf moisture content was related to max tem-
perature, relative humidity and precipitation.  During the 
fall forest fire danger season, the moisture content in 
both leaf types did not show significant correlation with 
weather factors observed in the CWS, however two 
weather factors such as relative humidity and max tem-
perature measured within the forest were significant with 
the dead fuel moisture content.  These results showed 

Table 4.  Relation between forest fuel moisture contents and weather data with different weather measurements

Species 
Coefficient 

of 
correlation

CWS Forest land

T
(°C)

MA. T
(°C)

MI.T
(°C)

RH
(%)

P
(mm)

T
(°C)

MA. T
(°C)

MI.T
(°C)

RH
(%)

PD
Pearson 

coefficient
–.074 –.153* –.006 .161** .443** –.087 –.172** –.024 .215**

P .232 .013 .920 .009 .000 .163 .005 .699 .000

QD

Pearson 
coefficient

–.149* –.227** –.078 .168** .379** –.163** –.231** –.100 .231**

P .016 .000 .207 .007 .000 .008 .000 .105 .000

*  The correlation coefficient is significant at the 0.05 level
** The correlation coefficient is significant at the 0.01 level

※. QD : Quercus dentata Thunb. ex Murray, PD : Pinus densiflora Siebold & Zucc. T : Average Temperature, MA.T : Average 
Max. temperature, MI.T Average Min. temperature, RH : Average Relative Humidity,  P : Accumulated Precipitation

Table 5.  Relation between forest fuel moisture contents and weather data with different weather measurements by forest fire season

Fire 
danger 
seasons

Species
Coefficient 

of 
correlation

CWS Forest land

T
(°C)

MA. T
(°C)

MI.T
(°C)

RH
(%)

P
(mm)

T
(°C)

MA. T
(°C)

MI.T
(°C)

RH
(%)

Spring

PD

Pearson 
coefficient

–.062 –.128 .000 .186** .527** –.068 –.145* –.016 .179*

P .381 .071 .997 .008 .000 .340 .041 .824 .011

QD

Pearson 
coefficient

–.145* –.214** –.068 .252** .474** –.152* –.211** –.092 .232**

P .040 .002 .336 .000 .000 .032 .003 .193 .001

Fall

PD

Pearson 
coefficient

.044 –.138 .119 .022 .164 .007 –.191 .096 .255*

P .734 .289 .359 .869 .205 .957 .141 .463 .048

QD

Pearson 
coefficient

–.061 –.217 .000 –.050 .212 –.096 –.268* –.022 .169

P .638 .093 .998 .702 .101 .462 .037 .868 .193

*  The correlation coefficient is significant at the 0.05 level
** The correlation coefficient is significant at the 0.01 level

※. QD : Quercus dentata Thunb. ex Murray, PD : Pinus densiflora Siebold & Zucc. T : Average Temperature, MA.T : Average 
Max. temperature,  MI.T : Average Min. temperature, RH : Average Relative Humidity,  P : Accumulated Precipitation 
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that forest micrometeorological factors are critical for 
accurate measurement of forest fuel moisture content.  
Essentially, forest microclimate measurements can be 
used as a basis for more accurately predicting forest fuel 
moisture content. 

As for the weather data measured within the forest, 
the dead leaf moisture content of Pinus densiflora was 
correlated with max temperature and relative humidity 
during the spring season, while the dead leaf moisture 
content of Quercus dentata was highly correlated with 
average temperature, max temperature and relative 
humidity.  In the fall season, the dead leaf moisture con-
tent of Pinus densiflora had significant relation with 
the relative humidity and the dead leaf moisture content 
of Quercus dentata was highly correlated with max tem-
perature.  These results showed that more weather fac-
tors had significant relation in the spring season than in 
the fall season, indicating that weather data during 
spring were more sensitive to change in forest fuel mois-
ture content.  However, the fall measurement period was 
shorter than in the spring, caution should be excised to 
better understand these trends.  Especially, during the 
spring forest fire danger season, the dead leaf moisture 
content of Quercus dentata showed significant relation 
with weather factors measured in both the forest and 
the CWS, representing the dead leaf moisture content of 
Quercus dentata had more close relation to changes of 
the forest fuel moisture content resulting from weather 
factors than that of Pinus densiflora.  This result was 
responsible for different physical characteristics of the 
leaves as they had different surface/ volume ratio and 
the fallen leaf position in the forest floor, etc.). 

3.4. Changes in forest fuel moisture content after 
precipitation

Precipitation is one of major factors affecting changes 
in moisture content of the forest litter layer and it has 
been shown that rainfall intensity and rainfall frequency 
were closely related to the forest fuel moisture content 
(Sérgio et al., 2014).  The results showed that after aver-
age daily precipitation of 9.2 mm, Pinus densiflora 
(49.3%) had less average dead leaf moisture content than 
that of Quercus dentata (53.3%), and 3 days after pre-
cipitation both dead leaf moisture contents drastically 
fell to below 20% (Table 6).  Figure 3 shows changes in 
the forest fuel moisture content after daily precipitation 
event of 19 mm.  During the precipitation event, the dead 
leaf moisture content was 87.4% (Quercus dentata) 
and 62.7% (Pinus densiflora), respectively.  However 2 

days after precipitation, it drastically fell to 13.3% for 
(Quercus dentata) and 17% (Pinus densiflora).  The 
rate of reduction in the dead leaf moisture content was 
higher for Quercus dentata than for Pinus densiflora.  
This result is responsible for differences in physico-
chemical and physiological characteristics between the 
two leaves (Simard, 1968). 

CONCLUSION

The present study examined changes in forest fuel 
moisture content for two tree species (Quercus dentata 
leaves and Pinus densiflora leaves) associated with two 
different weather measurements during three consecu-
tive years including the Korean forest fire danger sea-
sons.  The weather data from in–situ measurement within 
the forest and the CWS had different patterns in that 
average temperature and max temperature tended to be 
higher in the forest, while min temperature had lower in 
the forest.  These different patterns affected the dead for-
est fuel moisture content thereby causing differences in 
the forest fuel moisture content among species.  Changes 
in weather factors after precipitation (daily average tem-
perature, hourly temperature changes, accumulated rain-
fall, rainfall intensity, etc.) can have various effects on for-
est fuel moisture content.  The present study revealed 
significant relation between precipitation and forest fuel 
moisture content indicating forest fuel moisture content 
decreases significantly after precipitation events during 
both seasons.  Hence, it is necessary to conduct future 
research which comprise comparative analysis of various 

Fig. 3.	  �Change in fuel moisture contents after precipitation event 
during the fall forest fire danger seasons.

Table 6.  Change in fuel moisture content of two species leaves with time after precipitation

Days after 

precipitation
1 2 3 4 5 6 7 8 9 10

FMC (%)
PD 49.3 28.9 23.4 20.9 17.8 17.6 16.6 19.5 16.9 16.4

QD 52.3 30.6 21.3 20.7 19.4 15.7 14.4 16.7 11.9 11.0

※. Qd: Quercus dentata Thunb. ex Murray, PD: Pinus densiflora Siebold & Zucc. FMC: Fuel Moisture Contents. 
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leaf types based on dynamic changes in weather factors 
and monitor precise moisture content changes by leaf 
type after precipitation in order to ensure the accuracy 
of forest fire prediction systems during the forest fire 
danger season.  The present study suggests that weather 
data within the forest which can reflect regional weather 
characteristics must be acquired to more accurately 
determine the forest fuel moisture content.  Especially 
in Korea where most of the land consists mainly moun-
tainous forestland, it is important to acquire in–situ meas-
urement data within the forest settings.  Understanding 
forest fuel moisture content is crucial for implementing 
the forest fire climate index as part of creating regional 
forest fire prediction system.  Because forest moisture 
content closely reflects the regional weather characteris-
tics, it should consider change in forest weather factors 
resulting from the physical environment (slope, altitude, 
gradient, etc.) surrounding the forest and forest stand 
characteristics (tree types, tree density, tree age, etc.).  
As such, our results can be used as basic data to predict 
regional forest fuel moisture content, and to develop 
more structural and systematic techniques for under-
standing relationship between forest weather factors and 
forest fuel moisture content in order to create regional 
forest fire prediction system.  
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