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INFLUENCE OF COMPOSITION OF ATMOSPHERE 
OVER BULGARIA ON SURFACE RADIATION FLUXES 

AND AIR TEMPERATURE

Peter Nojarov1

This study determines the influence of greenhouse gases and aerosols in the atmosphere 
over Bulgaria on different radiation fluxes at Earth‘s surface, and on near surface air tem-
perature. The research period is 09.2002 – 12.2015. Data for observed air temperature in 
Bulgaria, specific humidity at different levels, content of CO2 and CH4 in atmosphere, aerosol 
optical depth and different radiation fluxes at surface level were processed using statistical 
methods. The results show that air temperature in near surface layer is determined mainly by 
upward longwave radiation. This radiation flux in turn depends on downward shortwave and 
longwave radiation fluxes. Greenhouse gases determine downward longwave radiation flux 
and aerosols – the two shortwave radiation fluxes (downward and upward). The influence 
of aerosols on air temperature is complex and greater than assumed so far, their effect being 
prolonged in time covering a period of at least two months. Thus, aerosols are the second most 
important factor that influences air temperature. The main greenhouse gas is water vapor, 
but based on the available data it is difficult to estimate how much it affects air temperature 
and how much air temperature affects water vapor content in atmosphere. The second most 
important greenhouse gas is CO2, but it is the third factor influencing air temperature. The 
role of CH4 in the greenhouse effect remains difficult to assess due to the revealed significant 
inversely proportional relationship between this gas and water vapor. Increased content of 
water vapor leads to an increased content of hydroxyl radical in atmosphere, which in turn 
significantly reduces the content of CH4 in the air.
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ВЛИЯНИЕ НА СЪСТАВА НА АТМОСФЕРАТА НАД БЪЛГАРИЯ 
ВЪРХУ ПРИЗЕМНИТЕ РАДИАЦИОННИ ПОТОЦИ 

И ТЕМПЕРАТУРАТА НА ВЪЗДУХА

Петър Ножаров

Настоящото изследване има за цел да определи влиянието на парниковите газове и 
аерозолите в атмосферата над България върху различни радиационни потоци при земната 
повърхност и върху температурата на въздуха. Периодът на изследване е от 09.2002 до 
12.2015 г. Данните за температурата на въздуха в България, специфичната влажност 
на различни нива, съдържанието на СО2 и СН4 в атмосферата, оптичната дебелина на 
аерозолите и различните радиационни потоци при земната повърхност са обработени 
чрез статистически методи. Резултатите показват, че стандартната температура на 
въздуха (измерена на 2 m над земната повърхност) се определя основно от излъчваната 
от земната повърхност дълговълнова радиация. Този радиационен поток от своя страна 
зависи от насочените надолу (към земната повърхност) късовълнов и дълговълнов 
радиационeн потоu. Парниковите газове определят насочения надолу дълговълнов 
радиационен поток, а аерозолите – двата късовълнови радиационни потока (насочени 
съответно надолу и нагоре спрямо земната повърхност). Влиянието на аерозолите 
върху температурата на въздуха е комплексно и по-голямо от предполагаемото досега, 
като ефектът им се удължава във времето, обхващайки най-малко два последователни 
месеца. По този начин аерозолите са вторият по важност фактор, който влияе върху 
температурата на въздуха. Основният парников газ е водната пара, но базирайки се 
на наличните данни, е трудно да се оцени доколко той влияе върху температурата 
на въздуха и доколко температурата на въздуха влияе върху съдържанието на водна 
пара в атмосферата. Вторият най-важен парников газ е CO2, но той е третият по 
важност фактор, влияещ върху температурата на въздуха. Участието и делът на CH4 
в парниковия ефект остават трудни за оценяване поради разкритата статистически 
значима обратнопропорционална връзка между този газ и водната пара. Повишеното 
съдържание на водна пара води до повишено съдържание на хидроксилен радикал в 
атмосферата, което на свой ред значително намалява съдържанието на СН4 във въздуха.

Ключови думи: парникови газове, аерозоли, температура на въздуха, радиационни 
потоци, България

INTRODUCTION

One of the main factors influencing air temperature in near surface layer is the 
gas composition of the atmosphere. More precisely, this influence on temperature is 
exerted by certain gases, which are in small quantities in the atmosphere but have 
large variability in time and directly influence radiation fluxes. These gases are re-
sponsible for so-called greenhouse effect and therefore are called greenhouse gases. 
Water vapor in the atmosphere is the gas that has the greatest greenhouse effect. 
However, there is a problem that its amount in the air is heavily dependent on air 
temperature, this dependency being directly proportional. This leads to large regional 
variations in the content of water vapor in the atmosphere - it may constitute 0.1% 
of the volume of air in polar regions to about 4% of the volume of air in equatorial 
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regions. Accordingly, its greenhouse effect (positive water vapor feedback) will be 
much higher in low latitudes compared to high latitudes (Dessler et al., 2008). Also 
the amount of water vapor in atmosphere is mainly determined by natural process-
es and anthropogenic factors have a very small role (IPCC 2013). Other gases that 
exert greenhouse effect are carbon dioxide, methane, nitrous oxide, hydrofluorocar-
bons, perfluorocarbons and sulfur hexafluoride. Among these gases the greatest is 
concentration in atmosphere of CO2 (400 ppm), followed by CH4 (approximately 
1800 ppb) and N2O (approximately 325 ppb). Other greenhouse gases are in very low 
concentrations and accordingly their greenhouse effect is very small. All three of the 
above mentioned greenhouse gases with a relatively greater concentration in the at-
mosphere are influenced largely by anthropogenic factor which leads to a continuous 
increase in their content in the atmosphere. According to IPCC AR5 (IPCC 2013), 
the rate of increase of CO2 globally is 1.7 ppm/year for the period 1980-2011 and 2 
ppm/year for the period 2001-2011. The rate of increase of CH4 is variable over time, 
as sources (natural and anthropogenic) of CH4 are more diverse both spatially and 
temporally. In recent years (after 2007) the rate of increase of CH4 varies between 5 
and 10 ppb/year. The rate of increase of N2O from the late 70s of the 20th century 
until now is about 0.75 ppb/year and is relatively stable in recent years. Available 
datasets for the atmosphere over Bulgaria will allow studying the greenhouse effect 
of only the three most important greenhouse gases - water vapor, carbon dioxide and 
methane. Another important factor that determines near surface air temperature is the 
content of aerosols in the atmosphere, expressed through their optical depth. Greater 
aerosol concentration results in a decrease of the temperature and vice versa. IPCC 
AR5 (IPCC 2013) states that definition of long-term trends in aerosols with natural 
origin is difficult. Anthropogenic sources of aerosols are studied better. Trends in the 
content of aerosols in atmosphere are strongly regionally dependent on the respective 
sources, and it is concluded that transparency of the atmosphere over Europe and the 
eastern United States has increased since the mid-90s of the 20th century.

Measurements of the amount of greenhouse gas, that is considered to have a 
major influence on observed in recent years climate changes (CO2), have begun in 
the late 50s of the 20th century (Keeling 1976). The main gases that have a green-
house effect and that their increase is due to anthropogenic factors were identified by 
the end of the 20th century. In this century the monitoring of greenhouse gases has 
expanded, both with on ground and satellite observations. Special attention is paid to 
the sources and sinks of greenhouse gases, especially CO2 (Keeling et al., 2011; Bal-
lantyne et al., 2012). It is noted that in recent decades anthropogenic factor increases 
its share in emissions of greenhouse gases. The main way, by which greenhouse gases 
affect air temperature, is through their impact on downward longwave radiation flux. 
Various studies have attempted to assess the influence of greenhouse gases on this 
radiation flux. It has been found that the most strong is the influence of water vapor, 
followed by CO2, O3, N2O, CH4, etc. (Ramanathan and Coakley, 1978; Hansen et 
al., 1988; Kiehl and Trenberth, 1997; Philipona et al., 2005; Ruckstuhl et al., 2007; 
Schmidt et al., 2010; Zhong and Haigh, 2013).

However, there are no regional studies for Bulgaria which assess the influence 
of greenhouse gases and aerosols on various radiation fluxes and on air temperature. 
Only the study of Topliisky (2005) has made an attempt to link air temperatures in 
Bulgaria and CO2 content in the atmosphere, but carbon dioxide data used were from 
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the observatory Mauna Loa, Hawaii. This is due to the lack of measurements and 
respectively quantitative data for the territory of Bulgaria.

The aim of this study is to determine the influence of atmospheric greenhouse 
gases and aerosols on different radiation fluxes at Earth‘s surface, and hence on near 
surface air temperature over the territory of Bulgaria. In order to achieve this aim 
connections of each factor - gas or aerosols - with different radiation fluxes and air 
temperature are studied. Correlations between the different factors are also studied, 
because they provide a better picture of identified interactions as well as of causal-
ities. Multiple Linear Regression (MLR) models are constructed in order to reveal 
how each factor contributes to variations of the dependent variable. An evaluation of 
the observed trends in different climatic elements is also made in order to see how 
each factor contributes to the trends in the dependent variables.

DATA AND METHODS

This research uses data for air temperature at 2 m above surface from 15 meteo-
rological stations located relatively evenly across the territory of Bulgaria (Figure 1). 
The meteorological stations are: Vidin, Vratsa, Pleven, Veliko Tarnovo, Razgrad, 
Varna, Burgas, Sliven, Kazanlak, Plovdiv, Rozhen, Kardzhali, Sofia, Kyustendil, 
Sandanski. The period of study is in relation with the available data from satellite ob-
servations of atmospheric composition and that is why it is from 09.2002 to 12.2015. 
Average monthly values of air temperature are seasonally decomposed and then 
an average value of all 15 stations (conditionally called low stations) is calculated 
to get the average air temperature for the entire territory of Bulgaria. All data has 
been collected from statistical yearbooks of Bulgaria. Homogeneity of the data was 
checked in three ways - by the method of differences, by the non-parametric test of 
Mann-Whitney (Wilks 2006) and by examination of the history of each station. The 
check has revealed that during the research period the data from all meteorological 
stations are homogeneous.

The data for two of the greenhouse gases in the Earth‘s atmosphere - CO2 (car-
bon dioxide) and CH4 (methane) are provided by the instrument AIRS (Atmospheric 
Infrared Sounder), operating on board of NASA‘s satellite Aqua. The satellite was 
launched on 05.04.2002, and started to transmit data since 09.2002, which defines the 
studied period. Its orbit is near polar, sun synchronous at height above Earth’s surface 
of 705 km and it has an orbital period of 98.8 minutes, which is about 14.5 orbits 
per day. Equatorial crossing of the satellite is at 1.30 p.m. local time in ascending 
node and 1.30 a.m. local time in descending node. Thus, there are nightly and daily 
measurements during a day. AIRS instrument is hyperspectral and performs mea-
surements in 2378 infrared channels and 4 visible, near infrared channels. Methane 
content is measured in the entire atmospheric column from the ground to the upper 
atmosphere. The study uses average monthly methane data, which have a spatial 
resolution of 1˚x1˚ (AIRS Science Team/J. Texeira 2013). Only those cells that cov-
er the territory of Bulgaria (43-44˚N and from 22 to 28˚E; 42-43˚N and from 22 to 
28˚E; 41-42˚N and from 23 to 26˚E; overall 15 cells) are used. Seasonally decom-
posed monthly values of these cells are then averaged to obtain the average values for 
Bulgaria. Carbon dioxide is measured only in the free troposphere. Data on carbon 



61

Fi
g.

 1
. L

oc
at

io
n 

of
 m

et
eo

ro
lo

gi
ca

l s
ta

tio
ns



62

dioxide are different from the standard resolution of the monthly data, covering 2.5˚ 
longitude and 2˚ latitude (AIRS Science Team/J. Texeira 2008). Thus, the territory 
of Bulgaria is covered by cells 42-44˚N and from 22.5 to 30˚E; 40-42˚N and from 
22.5 to 27.5˚E; overall 5 cells. Then again seasonally decomposed monthly values are 
averaged to obtain the average values for the territory of Bulgaria.

The total amount of aerosols over Bulgaria is expressed by aerosol optical depth 
at a wavelength of 0.55 microns; data are collected by the instrument MODIS (Mod-
erate Resolution Imaging Spectroradiometer) on board of NASA‘s satellite Terra. 
The satellite was launched on 18.12.1999 and transmits data since 03.2000. Its orbit 
is sun synchronous, near polar at height above the Earth’s surface of 705 km and it 
has an orbital period of 99 minutes. Equatorial crossing of the satellite is at 10.30 a.m. 
local time in descending node. Thus, this satellite has only one daily measurement 
over a certain area. MODIS instrument collects data in 36 spectral bands covering 
wavelengths from 0.4 to 14.4 μm. This study uses average monthly data for aerosol 
optical depth over Bulgaria with a spatial resolution of 1˚x1˚ latitude and longitude 
(Platnick et al. 2015). Data were seasonally decomposed and then the values of the 
15 cells (already described in details above) were averaged to obtain the average 
values for Bulgaria. One very important advantage of MODIS instrument is that it 
measures aerosols over land. The period of study here is consistent with other data - 
from 09.2002 to 12.2015.

Monthly data for specific humidity at levels 1000 hPa and 700 hPa, and various 
surface radiation fluxes (downward shortwave radiation, upward shortwave radia-
tion, downward longwave radiation and upward longwave radiation) for the territory 
of Bulgaria were taken from the European Centre for Medium-Range Weather Fore-
casts (ECMWF) ERA-Interim reanalysis. It covers the period from 1979 to 2015, 
which includes the study period from 09.2002 to 12.2015. Data resolution is 1˚x1˚ 
latitude and longitude. The data assimilation system used to produce ERA-Interim is 
based on a 2006 release of the Integrated Forecasting System‘s (IFS) cycle CY28R2. 
The system includes a four-dimensional variational analysis (4D-Var) with a 12-hour 
analysis window. The spatial resolution of the data set is approximately 80 km (T255 
spectral) on 60 vertical levels from the surface up to 0.1 hPa (Dee et al., 2011; Berris-
ford et al., 2011). Data for specific humidity and various radiation fluxes are seasonal-
ity decomposed and then the values of the 15 cells that cover the territory of Bulgaria 
(as already explained in details above) were averaged.

Statistical methods of investigation (Wilks 2006) are used in this study. The 
level of significance everywhere is p = 0.05. The data were seasonally decomposed 
using a model with addition of the trend, seasonal and irregular components (ad-
ditive seasonal model, 12 months seasonal lag). Thus, the trend of the series was 
maintained, which eventually permitted conducting a trend analysis to reveal statis-
tically significant trends in studied climatic elements. The trend analysis was done 
by means of linear regression. The linear regression models the relationship between 
independent variable (time) and dependent variable (climatic elements such as air 
temperature, radiation fluxes, etc.) through a linear equation based on observed val-
ues. Spearman correlation was also used as a major tool to discover the relationships 
between studied climatic elements. In some cases, in order to obtain a clearer correla-
tion, seasonally decomposed data were also cleared from the trend by using residuals 
(based on linear regression model). Then, the residuals were correlated using Spear-
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man correlation. This study uses also cross-correlation between different climatic 
elements to determine whether there is any time lag in the relationship between two 
particular climatic elements. In order to achieve comparability between the trends in 
different climatic elements seasonally decomposed series of data were converted into 
dimensionless values using the following method. Average value for the entire series 
of data was calculated. Then, the deviation of each monthly value from this average 
value is calculated, and this deviation is divided by the standard deviation for the 
entire series of values. Obtained in this way data makes it possible to determine the 
contribution of each climatic element to trends in another climatic element if there is 
a relationship between them. A similar result can be achieved through incorporating 
individual climatic elements as predictors in a MLR model. Statistics adjusted R2 
provides information which predictors significantly affect the dependent variable and 
the extent to which their aggregate describes the dependent variable.

RESULTS AND DISCUSSION

RELATIONSHIPS BETWEEN GAS AND AEROSOL COMPOSITION OF THE ATMOSPHERE 
OVER BULGARIA AND SURFACE RADIATION FLUXES

Table 1 shows Spearman correlations between the different studied elements 
(monthly values) of the climatic system for the period 09.2002-12.2015. The correla-
tion is done using residuals in order to clear the trend, which affects correlation val-
ues. The idea is to reveal the „clean“ links between different elements and the trends 
will be studied subsequently. The first radiation flux is downward (in respect to the 
ground) shortwave radiation coming from the Sun (total radiation, including direct 
and diffuse shortwave radiation fluxes). The table shows that there is a statistically 
significant negative correlation between this radiation flux and specific humidity at 
both studied levels (1000 hPa and 700 hPa), the correlation being stronger at level 
700 hPa. In general, specific humidity represents the amount of water vapor in the 
atmosphere and the greater it is the greater is the possibility of formation of clouds. 
Clouds are a major factor which reduces the total radiation. The proof of this rela-
tionship is the fact that the correlation is stronger at level 700 hPa (which is normally 
a height of about 3 km above ground), which is usually the place of formation of 
clouds. There is also a significant positive correlation between this flux and methane 
in the atmosphere, but this relationship is not direct and will be discussed hereinafter. 
Also, the total radiation has a statistically significant positive correlation with the 
reflected from the ground shortwave radiation (upward shortwave radiation), which 
should be the case, because the greater amount of shortwave radiation reaches the 
surface, the greater amount will be reflected (assuming that the reflectance of the 
surface is the same). The relationship between total shortwave radiation and down-
ward longwave radiation is inversely proportional and statistically significant. This 
relationship is actually an indirect one since downward longwave radiation is higher 
in the presence of cloud cover and correspondingly of high values of specific humid-
ity, and as already mentioned above, higher values of specific humidity lead to lower 
values of total shortwave radiation. Correlation between the total shortwave radiation 
and emitted from Earth‘s surface longwave radiation (upward radiation) is positive 



64

T
ab

le
 1 Sp

ea
rm

an
 c

or
re

la
tio

ns
 b

et
w

ee
n 

di
ffe

re
nt

 c
lim

at
ic

 e
le

m
en

ts
 fo

r t
he

 p
er

io
d 

09
.2

00
2 

- 1
2.

20
15

. A
O

D
 –

 A
er

os
ol

 O
pt

ic
al

 D
ep

th
; 

SD
SR

 –
 S

ur
fa

ce
 D

ow
nw

ar
d 

Sh
or

tw
av

e 
Ra

di
at

io
n;

 S
U

SR
 - 

Su
rf

ac
e 

U
pw

ar
d 

Sh
or

tw
av

e 
Ra

di
at

io
n;

 S
D

LR
 - 

Su
rf

ac
e 

D
ow

nw
ar

d 
Lo

ng
w

av
e 

Ra
di

at
io

n;
 S

U
LR

 - 
Su

rf
ac

e 
U

pw
ar

d 
Lo

ng
w

av
e 

Ra
di

at
io

n.
 S

ta
tis

tic
al

ly
 si

gn
ifi

ca
nt

 n
um

be
rs

 a
re

 b
ol

de
d

 
Sp

ec
ifi

c 
hu

m
id

ity
 

at
 1

00
0 

hP
a

Sp
ec

ifi
c 

hu
m

id
ity

 
at

 7
00

 h
Pa

C
O

2
C

H
4

A
O

D
SD

SR
SU

SR
SD

L
R

SU
L

R

Sp
ec

ifi
c 

hu
m

id
ity

 a
t 1

00
0 

hP
a

 
0.

69
0.

14
-0

.4
2

0.
00

-0
.2

7
-0

.3
2

0.
76

0.
55

Sp
ec

ifi
c 

hu
m

id
ity

 a
t 7

00
 h

Pa
0.

69
 

0.
10

-0
.5

3
0.

00
-0

.5
4

-0
.3

8
0.

76
0.

34

C
O

2
0.

14
0.

10
 

-0
.4

0
-0

.0
9

-0
.0

2
-0

.0
5

0.
15

0.
09

C
H

4
-0

.4
2

-0
.5

3
-0

.4
0

 
0.

25
0.

31
0.

23
-0

.4
0

-0
.2

1

A
O

D
0.

00
0.

00
-0

.0
9

0.
25

 
-0

.0
6

0.
07

0.
00

-0
.1

6

SD
SR

-0
.2

7
-0

.5
4

-0
.0

2
0.

31
-0

.0
6

 
0.

59
-0

.4
0

0.
27

SU
SR

-0
.3

2
-0

.3
8

-0
.0

5
0.

23
0.

07
0.

59
 

-0
.3

6
-0

.0
7

SD
LR

0.
76

0.
76

0.
15

-0
.4

0
0.

00
-0

.4
0

-0
.3

6
 

0.
66

SU
LR

0.
55

0.
34

0.
09

-0
.2

1
-0

.1
6

0.
27

-0
.0

7
0.

66
 



65

because the primary heating (basic income term) of the Earth‘s surface is done by 
the total shortwave radiation. Overall, it can be concluded that downward shortwave 
radiation depends on the water vapor content in the atmosphere and on the other hand 
it determines reflected from Earth‘s surface shortwave radiation and emitted from 
Earth‘s surface longwave radiation.

With regard to the above conclusion, reflected by Earth‘s surface shortwave ra-
diation displays corresponding correlation coefficients shown in Table 1. There is 
a statistically significant negative correlation with water vapor in the atmosphere 
which relationship is a consequence of the relationship between total radiation and 
water vapor. The same is true for the positive and significant correlation coefficient 
between upward shortwave radiation flux and methane. Overall, this radiation flux 
has a small role since almost all of its relationships are realized through another cli-
matic element. The only relationship that is direct is between upward shortwave ra-
diation and emitted from Earth‘s surface longwave radiation.The correlation is nega-
tive because larger amount of upward shortwave radiation will lead to less net income 
of shortwave radiation to the ground, which will lower its temperature, and hence 
emitted longwave radiation. However, as can be seen in the table, this correlation is 
not statistically significant.

The most important, in terms of the greenhouse effect, is downward (to the sur-
face) longwave radiation flux. Correlation between this flux and specific humidity at 
both studied levels is positive and statistically significant. These are the highest val-
ues of correlation coefficient among all studied elements. In general, water vapor is 
the main greenhouse gas and it is known that the relationship is directly proportional. 
The square of this correlation coefficient shows that water vapor alone determines 
about 58% of the variations in downward longwave radiation. Ruckstuhl et al. (2007) 
showed that specific humidity is a major factor in determining downward longwave 
radiation in the middle latitudes of the northern hemisphere and in fact it is enough to 
quantify this type of radiation flux. Carbon dioxide also has a positive but statistical-
ly insignificant correlation with this radiation flux. In comparison with water vapor, 
CO2 has a considerably smaller contribution to the increase in downward longwave 
radiation flux (2.3 %). The observed statistically significant negative correlation be-
tween methane and downward longwave radiation is not direct and will be explained 
hereinafter. The relationship between downward longwave radiation flux and emit-
ted from Earth‘s surface longwave radiation is positive and statistically significant. 
The larger income of longwave radiation from the atmosphere leads to an increased 
heating of the Earth‘s surface, thus increasing its radiation in longwave spectrum. 
Overall, it can be concluded that downward longwave radiation is influenced mainly 
by water vapor in the atmosphere and in turn it affects emitted from Earth‘s surface 
longwave radiation.

Emitted from Earth‘s surface longwave radiation is the one, which most largely 
determines air temperature of a place, because the standard measurement of air tem-
perature is at 2 m above the ground. In this context, determination of the factors that 
influence this radiation flux is essential. In Table 1 it could be seen that water vapor 
has a positive statistically significant correlation with this radiation flux, but the values   
are lower compared to those of the correlation with downward longwave radiation. 
This is due to the fact that downward longwave radiation contributes only partially 
to the radiation balance of the Earth‘s surface. Another consequence of this is statis-

5 Проблеми на географията, 4/2017 г. 
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tically insignificant positive correlation between CO2 and upward longwave radiation 
flux. Connection of methane with this flux is not direct, and this will be explained 
hereinafter. What is important to note here is that aerosol content in the atmosphere is 
in inversely proportional statistically significant relationship with this radiation flux. 
The causes for this are the influence of aerosols on both shortwave fluxes. Aerosols 
are in negative correlation with total radiation and in positive correlation with upward 
shortwave radiation as both values are not statistically significant. However, if we 
consider the cumulative effect it can be seen that both relationships act in one direc-
tion. Higher content of aerosols in the atmosphere reduces incoming to the ground 
shortwave radiation and on the other hand it increases upward shortwave radiation 
flux. All this leads to a total higher decrease of the shortwave radiation balance at 
Earth‘s surface, which in turn has a significant influence on the heating of this surface 
and thus on the amount of emitted longwave radiation. Another important point relat-
ed to the data used should be noted here. Upward shortwave radiation flux is a flux, 
which is directed upward from the ground, but aerosol optical depth is a measurement 
of the content of aerosols in the atmosphere, not at the ground. Aerosols scatter, but 
also reflect some of the incoming downward shortwave radiation. In this sense, the 
data for upward shortwave radiation flux include also the radiation flux reflected by 
aerosols in atmosphere. This explains the positive (although insignificant) correlation 
between aerosol optical depth and upward shortwave radiation flux. Generally, it can 
be concluded that emitted from Earth‘s surface longwave radiation depends mainly 
on the content of water vapor and aerosols in the atmosphere, as well as on incoming 
to the ground shortwave and longwave radiation fluxes.

Table 1 shows that CO2 and water vapor in the atmosphere are relatively indepen-
dent of each other and can be used successfully as predictors in MLR models. There 
is a statistically significant negative correlation between water vapor and methane in 
the atmosphere. As it is known the main chemical reaction that reduces the amount 
of methane in the atmosphere is with the hydroxyl radical (OH), which chemical 
reaction results eventually in production of CO2 and H2O (Wuebbles and Tamaresis 
1993). More water vapor in the atmosphere increases the amount of hydroxyl radicals, 
which in turn contributes in reducing the amount of methane in the atmosphere. That 
is why this inverse relationship between these two gases (H2O and CH4) exists. In this 
sense, all correlation coefficients of methane with the four studied radiation fluxes at 
Earth‘s surface are heavily dependent on the relationships of water vapor with these 
radiation fluxes. When water vapor has a positive correlation, methane has a negative 
one and vice versa, as in all cases the values of correlation coefficients are statistically 
significant. Thus, defining the contribution of methane to the greenhouse effect is 
hampered considerably, because the presence of water vapor (which is also the most 
powerful greenhouse gas) leads to a loss of methane in the atmosphere. In this case the 
contribution of methane to the greenhouse effect could be assessed only at low levels 
of water vapor in the atmosphere, which could be the case in certain geographic areas 
or in specific time intervals, which meet the above conditions. One of the end products 
of the above mentioned chemical reaction is CO2. This explains to a large extent the 
observed negative correlation between this gas and methane because reduced amounts 
of methane lead to increased amounts of CO2 and vice versa.

The statistically significant positive correlation between the methane and aero-
sol optical depth is likely due to their common sources. As it is known wildfires, in 
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which plant biomass burns, are a significant source of methane in the atmosphere. On 
the other hand, they are also one of the main sources of aerosols in the atmosphere. 
Thus, the observed relationship between the two elements is also not direct.

In order to see if there are any interactions between studied climatic elements 
which do not happen within one specific month but have a certain time lag, cross-cor-
relations between these elements were calculated. Residuals were used again to clear 
the trend that affects cross-correlation values. The most of the climatic elements have 
the strongest relationship within the particular month, i.e. there is no time lag. Only 
the cross-correlation of aerosol optical depth and specific humidity shows a time lag 
of one month. Calculated cross-correlation coefficients between aerosol optical depth 
and specific humidity at level 700 hPa over Bulgaria for the period 09.2002-12.2015 
are shown in Figure 2. It could be seen that the largest coefficient of correlation which 
is statistically significant is observed at one month time lag. The value is negative, 
which means that higher amount of aerosols in a given month, results in a lower 
values of specific humidity in the next month and vice versa. The relationship with 
specific humidity at level 1000 hPa is the same. This process may be explained by 
the mechanism of removal of aerosols from the atmosphere. Besides purely grav-
itational movement of aerosol particles downwards due to their own weight, they 
are also condensation nuclei for the water vapor in the atmosphere. More aerosols 
will favor the condensation of a greater quantity of water vapor on them. The newly 
formed particles of aerosol and water vapor are heavier and thus move more quickly 
downwards and are deposited on the ground. On the other hand, this process requires 

Fig. 2. Cross-correlation coefficients between aerosol optical depth and specific 
humidity at level 700 hPa over Bulgaria for the period 09.2002-12.2015
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a certain amount of time which is the cause for the observed one month time lag. It 
can be concluded that higher amount of aerosols in the atmosphere removes higher 
amount of water vapor in the next month, resulting in lower values of specific humid-
ity. The opposite is also true – less aerosols in the atmosphere lead to higher values 
of specific humidity in the next month. A statistically significant negative correlation 
between the amount of aerosols in the air and relative humidity (without time lag) 
was revealed in measurements at peak Musala (Nojarov et al. 2014). This indicates 
that the above described mechanism is observed both at regional and at local level, 
and at local level it happens quicker.

The revealed dependency could be seen clearly also in longwave radiation flux-
es because water vapor is the main greenhouse gas and is very well correlated with 
these radiation fluxes. Figure 3 shows cross-correlation between aerosol optical depth 
and downward longwave radiation flux for the territory of Bulgaria for the period 
09.2002-12.2015. The value of correlation coefficient at one month time lag is neg-
ative and statistically significant. The higher content of aerosols in the atmosphere 
leads in the next month to lower values of downward longwave radiation and vice 
versa. This is due to the lower values of specific humidity, which is the main factor 
defining downward longwave radiation flux. Figure 4 shows cross-correlation be-
tween aerosol optical depth and upward longwave radiation flux for the territory of 
Bulgaria for the studied period. Again at one month time lag there is a statistically 
significant negative correlation and the causal connection is more aerosols - lower 
specific humidity in the next month - lower downward longwave radiation flux - less 

Fig. 3. Cross-correlation coefficients between aerosol optical depth 
and downward longwave radiation flux for the territory of Bulgaria 

for the period 09.2002-12.2015
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Fig. 4. Cross-correlation coefficients between aerosol optical depth 
and upward longwave radiation flux for the territory of Bulgaria 

for the period 09.2002-12.2015

income of longwave radiation to the ground - weaker emission of longwave radiation 
from the ground and vice versa. It should be pointed out also that this effect of aero-
sols is slightly stronger than the direct effect which takes place within a month and 
explained above. Overall, it can be concluded that the effect of aerosols on longwave 
radiation fluxes in atmosphere (and hence on air temperature) is more complex, more 
robust and is carried out for a longer period of time (about 2 months).

MLR models were constructed in order to see what is the role of studied gases 
and aerosols in atmosphere for different radiation fluxes. The highest value of statis-
tics adjusted R2 was used to obtain information which predictors (gases and aerosols) 
significantly affect the dependent variable (radiation fluxes) and to what extent their 
aggregate describes the dependent variable (radiation fluxes). Here, the calculations 
were made using only seasonally decomposed series of values, because the trend is 
an important feature and should be taken in consideration. MLR model for downward 
shortwave radiation showed that three predictors have a statistically significant influ-
ence - specific humidity at level 700 hPa, aerosol optical depth and specific humidity 
at level 1000 hPa. While this was expected for the first predictor (correlation coef-
ficient in Table 1 is very high), the presence of the second is surprising considering 
the values in Table 1. This shows that despite the weak direct correlation when using 
an aggregate of factors the amount of aerosols in the atmosphere has (albeit small) 
influence on the values of downward shortwave radiation flux. Connections of both 
predictors with this radiation flux are inversely proportional. Correlation of specific 
humidity at level 1000 hPa with downward shortwave radiation has a positive sign, 
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due to the fact that the larger is this flux, the higher is near surface air temperature, 
leading to higher levels of water vapor content in the air. In this case, the direction 
of influence is opposite – downward shortwave radiation affects the amount of water 
vapor. The value of adjusted R2 is 0.250. This shows that a relatively small part of 
the total radiation is described by these three factors and there are also other factors 
which have a significant influence. If the above statistical model is used as a source of 
the weight of each predictor and of the sign of the relationship of each predictor with 
the dependent variable and these values (with the respective signs) are multiplied 
by the respective trends (calculated based on dimensionless values) of each of the 
predictors, a value for a trend in the downward shortwave radiation, which is deter-
mined only by these predictors, will be calculated. Trends (based on dimensionless 
values) in the different greenhouse gases, aerosol optical depth, radiation fluxes and 
air temperature in Bulgaria for the studied period are shown in Table 2. Calculated 
in the way, described above, value of the trend is -0.00433 per month, while the 
trend based on observations of this radiation flux for the period 09.2002-12.2015 is 
-0.00243 per month and it is not statistically significant. The value according to MLR 
model is much greater than actually measured, which means that other factors that 
have influence on total shortwave radiation (such as astronomical factor for example) 
determine much lower negative trend. This should be so, because the geographic po-
sition of Bulgaria does not change over time, which means that astronomical factor is 
constant and its trend should be 0.

Predictors which are included in the MLR model for upward shortwave radia-
tion flux are specific humidity at levels 1000 hPa and 700 hPa, and aerosol optical 

T a b l e  2
Trends (dimensionless value per month) in different climatic elements for the period 

09.2002 – 12.2015. AOD – Aerosol Optical Depth; SDSR – Surface Downward Shortwave 
Radiation; SUSR - Surface Upward Shortwave Radiation; SDLR - Surface Downward 

Longwave Radiation; SULR - Surface Upward Longwave Radiation. 
Statistically significant numbers are bolded

 Trend

Specific humidity at 1000 hPa +0.00477

Specific humidity at 700 hPa +0.00494

CO2 +0.02148

CH4 +0.0194

AOD -0.00569

SDSR -0.00243

SUSR -0.00170

SDLR +0.00535

SULR +0.00415

Air temperature +0.00524
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depth. The influence (having negative correlation coefficient) of specific humidity is 
predominant, but here, as in the previously discussed radiation flux, aerosols have 
their part with a positive relationship with this flux. The value of statistics adjusted 
R2 is 0.136, which shows that this statistical model describes a small part of upward 
shortwave radiation. This is due largely to the fact that the model does not include 
downward shortwave radiation. If it is included the value of adjusted R2 reaches 
0.330 and downward shortwave radiation becomes the leading factor. If the second 
(which includes downward shortwave radiation flux) statistical model is used as a 
source of the weight of each predictor and of the sign of the relationship of each 
predictor with the dependent variable and these values (with the respective signs) 
are multiplied by the respective trends (calculated based on dimensionless values) of 
each of the predictors, a value for a trend in the upward shortwave radiation, which 
is determined only by these predictors, will be calculated. In this case, the value is 
-0.00291 per month while the calculated trend in the period 09.2002-12.2015 on the 
basis of observational values is -0.00170 per month and it is not statistically signif-
icant. Thus, predictors in the MLR model give a slightly larger negative trend com-
pared to the observed one, which means that other factors (such as reflectivity of the 
Earth‘s surface), determining upward shortwave flux, cause less negative trend. This 
should be expected, since, for example, the reflectivity of the Earth‘s surface is more 
temporally conservative element, it does not change its properties rapidly and hence 
it is not a prerequisite for the existence of any significant trend.

Predictors that are included in the MLR model for the downward longwave radi-
ation are specific humidity at levels 1000 hPa and 700 hPa, and aerosol optical depth 
of the previous month. The strongest is the influence of specific humidity at level 700 
hPa (the region of formation of clouds) which explains 62.4% of the variance of the 
dependent variable; following by the influence of specific humidity at level 1000 hPa 
(explains 33.5% of the variance of the dependent variable), and aerosol optical depth 
of the previous month (explains 4.1% of the variance of the dependent variable). The 
first two predictors are positively correlated with downward longwave radiation flux 
while aerosols have a negative correlation. This is due to already mentioned strong 
inversely proportional relationship between water vapor and aerosol optical depth 
of the previous month. The predictors used describe very well downward longwave 
radiation flux (the value of adjusted R2 is 0.666). In the article of Zhong and Haigh 
(2013) it is stated that value of the relative influence of water vapor on downward 
longwave radiation at Earth‘s surface is about 62.5% and relative influence of CO2 is 
about 4.8%. It should be noted that the greenhouse effect of water vapor is carried out 
in the lower layers of the atmosphere (mainly in troposphere), where its concentration 
is highest, while the greenhouse effect of CO2 is more evenly distributed in vertical 
direction. This means that if the entire atmosphere is considered, the role of H2O in 
the greenhouse effect will be less, while that of CO2 will be higher. In the following 
cited papers, the results refer to longwave radiation in the entire atmosphere, not at 
surface level. In order to be comparable with the values obtained in this study, the 
values from the other cited studies were adjusted using a coefficient based on data 
from the article of Zhong and Haigh (2013) for the relative participation of different 
gases in the entire atmosphere greenhouse effect and for the downward longwave 
radiation flux. The paper of Schmidt et al. (2010) reveals that the main factor that 
affects downward longwave radiation is water vapor with a relative share of 54.2%; 
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followed by CO2 with 4.1%, O3 with 0.5%, N2O with 0.2%, CH4 with 0.2%, etc. 
Ramanathan and Coakley (1978) assessed the effect of different gases on longwave 
radiation under conditions of clear sky, the relative values being 48.6% for water 
vapor, 3.6% for CO2 and 0.5% for O3. Hansen et al. (1988) show that the influence of 
CO2 on longwave radiation constitutes 4.4% of total variance. Kiehl and Trenberth 
(1997) give a relative influence of various factors on longwave radiation of 57% for 
water vapor and 5.3% for CO2. The study of Philipona et al. (2005), which has results 
only for the territory of Europe, reveals that water vapor determines about 70% of the 
variation of the downward longwave radiation. In summary, the results of previous 
studies and the results of this study (with the proviso that this study is done only for 
the territory of Bulgaria) show that water vapor influences the most downward long-
wave radiation flux, determining between about 48% and about 62% (70% in some 
regions of the Earth) of variations of this radiation flux. CO2 ranks second having an 
influence that determines from about 3.6% to about 5.3% of variations.

If the above statistical model is used as a source of the weight of each predictor 
and of the sign of the relationship of each predictor with the dependent variable and 
these values (with the respective signs) are multiplied by the respective trends (calcu-
lated based on dimensionless values) of each of the predictors, a value for a trend in 
the downward longwave radiation, which is determined only by these predictors, will 
be calculated. These calculations give a value of the trend of +0.00492 per month, 
while calculated trend based on observational data for the studied period is +0.00535 
per month and it is statistically significant. It could be seen that theoretically calculat-
ed trend based on the MLR model is lower than actually observed, which means that 
other factors (mainly CO2), which are not included, lead to an even higher positive 
trend in downward longwave radiation.

Predictors that are included in the MLR model for upward longwave radiation 
are specific humidity at level 1000 hPa, aerosol optical depth and aerosol optical 
depth of the previous month. Specific humidity is again the leading factor because it 
determines downward longwave radiation flux, which is an important income com-
ponent in heating the Earth‘s surface. Next in importance is aerosol optical depth and 
the least important is aerosol optical depth of the previous month. Correlation of spe-
cific humidity with upward longwave radiation is positive, while correlations of aero-
sol optical depth (with and without time lag) with this radiation flux have negative 
values. The value of statistics adjusted R2 is 0.329. This indicates that there are other 
important factors that affect upward longwave radiation. These are downward long-
wave radiation flux and received by the Earth‘s surface shortwave radiation (down-
ward minus upward shortwave radiation). If these predictors are also included in the 
MLR model the value of adjusted R2 increases to 0.892 and the leading factor now 
becomes radiation balance in shortwave spectrum, followed by downward longwave 
radiation flux. The connection of both new predictors with upward longwave radia-
tion is directly proportional. Overall, this statistical model with 5 predictors describes 
quite well variations of upward longwave radiation flux, which in turn determines 
near surface air temperature. If the above statistical model is used as a source of the 
weight of each predictor and of the sign of the relationship of each predictor with the 
dependent variable and these values (with the respective signs) are multiplied by the 
respective trends (calculated based on dimensionless values) of each of the predic-
tors, a value for a trend in the upward longwave radiation, which is determined only 
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by these predictors, will be calculated. Calculations based on the theoretical model 
show a value of the trend of +0.00181 per month, while the trend based on actual 
measurements has a value of +0.00415 per month and it is statistically significant. 
It could be seen that theoretically calculated value is much lower than actually ob-
served, which means that there are unaccounted factors that contribute significantly 
to the increase in upward longwave radiation. The most important of these factors 
is likely to be human activity (anthropogenic factor), mostly by steadily increasing 
production of energy of any kind, which ultimately is emitted into the atmosphere as 
heat (radiation in the longwave spectrum).

RELATIONSHIPS BETWEEN GAS AND AEROSOL COMPOSITION OF THE ATMOSPHERE 
OVER BULGARIA, SURFACE RADIATION FLUXES AND AIR TEMPERATURE

Table 3 shows Spearman correlations between average air temperature at the 
15 low stations in Bulgaria and other studied elements of the climatic system for the 
period 09.2002-12.2015. Residuals are used in calculating correlation coefficients 
in order to clear the trend which affects the values of correlation. The table clearly 
shows the strong correlation between upward longwave radiation and air temperature 
- the correlation coefficient is statistically significant and has a value of 0.87. In this 
sense, the correlations of air temperature with other elements are similar to those of 
upward longwave radiation with these elements as shown in Table 1. The strongest 
is the relationship of air temperature with specific humidity, especially that at level 
1000 hPa. The mechanism of this positive correlation has already been discussed in 
the preceding section in connection with upward longwave radiation. Overall, water 

T a b l e  3
Spearman correlations between different climatic elements and air temperature 

for the period 09.2002 - 12.2015. AOD – Aerosol Optical Depth; SDSR – Surface 
Downward Shortwave Radiation; SUSR - Surface Upward Shortwave Radiation; 

SDLR - Surface Downward Longwave Radiation; SULR - Surface Upward Longwave 
Radiation. Statistically significant numbers are bolded

 Air temperature

Specific humidity at 1000 hPa 0.56

Specific humidity at 700 hPa 0.31

CO2 0.14

CH4 -0.25

AOD -0.22

SDSR 0.36

SUSR -0.07

SDLR 0.49

SULR 0.87
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Fig. 5. Cross-correlation coefficients between aerosol optical depth 
and air temperature in Bulgaria for the period 09.2002-12.2015

vapor in the atmosphere increases downward longwave radiation flux, which is an 
important income component to the heating of the Earth‘s surface, and hence to the 
emission in longwave spectrum, which in turn determines air temperature in the near 
surface layer. The relationship of air temperature with CO2 is directly proportion-
al, but it is not statistically significant, since CO2 defines a relatively small part of 
downward longwave radiation and accordingly the influence of this gas on upward 
longwave radiation and on air temperature is small. The study of Topliisky (2005) has 
revealed that there is a statistically significant positive correlation between CO2 and 
air temperature in Bulgaria only in summer months, the period of study being from 
1965 to 2000; average annual temperatures show statistically significant positive cor-
relation with CO2 only in some Bulgarian stations, which are representative of a small 
part of the country. The negative statistically significant correlation of air temperature 
with methane is entirely predetermined by the relationship of methane with water 
vapor in the atmosphere, which mechanism has already been explained above. The 
influence of aerosol optical depth on air temperature is statistically significant and has 
a negative sign, following the mechanism of influence of aerosols on upward long-
wave radiation flux, which has also been explained above. Previously, a secondary 
effect of aerosols in atmosphere on upward longwave radiation, which is carried out 
at 1 month time lag, has been revealed. In order to see if there is such an influence on 
air temperature, a cross-correlation between aerosol optical depth and air temperature 
in Bulgaria was conducted. The results are shown in Figure 5. It could be seen that 
the strongest is the relationship that occurs within a given month, but the correlation 
at 1 month time lag is also statistically significant, which means that it must be taken 
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into account. Thus, the effect of aerosols on air temperature is cumulative and is car-
ried out within 2 months. Returning again to correlations in Table 3 it could be seen 
that besides upward longwave radiation, statistically significant relationships with air 
temperature show also downward longwave and downward shortwave radiation flux-
es. Their influence is not direct, but occurs through their influence on emitted from 
Earth‘s surface longwave radiation.

After the revealed interactions a MLR model was constructed in order to see 
what is the complex role of studied gases, aerosols in atmosphere and radiation fluxes 
for air temperature. The highest value of statistics adjusted R2 was used to obtain in-
formation which predictors (gases, aerosols, radiation fluxes) significantly affect the 
dependent variable (air temperature) and to what extent their aggregate describes the 
dependent variable (air temperature). Series of only seasonally decomposed monthly 
values were used in calculations, because the trend is an important feature and should 
be accounted for. Predictors that were included in the MLR model of air temperature 
using only greenhouse gases and aerosols in the atmosphere are specific humidity at 
level 1000 hPa (positive correlation, leading predictor determining about 80% of the 
variance of the dependent variable), aerosol optical depth without time lag (negative 
correlation, the predictor determines about 19% of the variance of the dependent vari-
able) and CO2 (positive correlation, the predictor determines about 1% of the vari-
ance of the dependent variable). Overall, the content of water vapor and aerosols in 
the atmosphere according to this model are the main factors determining near surface 
air temperature. The value of statistics adjusted R2 is not very high reaching 0.403. 
The study of Yamada et al. (2012) reveals that in cloudless conditions the contribu-
tion of water vapor to near surface air temperature is between 60 and 70% in different 
parts of the Earth. However, their model does not take into account the influence of 
aerosols, but on the other hand it takes into account the influence of cloudiness. The 
contribution of CO2 to near surface air temperature is estimated to be from 0 to 20% 
in different studied regions under cloudless conditions. The presence of clouds makes 
them the leading factor for near surface air temperature as they determine about 10 to 
40% of its variations; the contribution of water vapor is about 10%, and that of CO2 
is in the range from 0 to 3%.

If the above statistical model is used as a source of the weight of each predictor 
and of the sign of the relationship of each predictor with the dependent variable and 
these values (with the respective signs) are multiplied by the respective trends (cal-
culated based on dimensionless values) of each of the predictors, a value for a trend 
in air temperature, which is determined only by these predictors, will be calculat-
ed. Calculations which follow the described above way give a value of the trend of 
+0.00513 per month, and the trend for the period 09.2002-12.2015 calculated on the 
base of dimensionless values of observed air temperature is +0.00524 per month and 
it is statistically significant. It could be seen that both values are pretty similar, but the 
statistical model does not include all possible factors (astronomical, circulation, etc.) 
affecting air temperature, which might have mixed or no trends.

The problem of the relationship between specific humidity, and each radiation 
flux and air temperature is that there is a feedback mechanism between water va-
por content in the air and its temperature. On one hand, water vapor is the main 
greenhouse gas, which determines the increase (or decrease) of air temperature, by 
increasing (decreasing) downward longwave radiation, but on the other hand, in-
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creased air temperature leads to a higher content of water vapor in the air and vice 
versa. Both relationships are directly proportional, which makes it very difficult to 
differentiate both effects. A correlation coefficient will include both relationships. 
In this case, the effect of water vapor on air temperature is overestimated, because 
it also includes the effect of air temperature on water vapor content. This increased 
effect masks the influence of other studied factors, which is probably underestimat-
ed. In this sense, the obtained result that water vapor determines about 80% of the 
variation of air temperature (taking into account only studied here greenhouse gases 
and aerosols in the atmosphere) is not accurate. The study of Prata (2008) reveals 
that there is a 25% increase in downward longwave radiation flux, which is due to 
the increased amount of water vapor in the atmosphere resulting solely from the in-
crease of air temperature. Thus, it can be stated that 75% of the observed correlation 
between air temperature and water vapor in the atmosphere is due to the influence 
of water vapor on air temperature and 25% of this correlation is due to the influence 
of air temperature on water vapor. A more realistic assessment of the influence of 
water vapor, and other gases and aerosols in the atmosphere should be possible in 
a period when there are opposite trends in air temperature and water vapor content 
in the atmosphere. Unfortunately, there is not such a period in the studied period 
09.2002-12.2015.

CONCLUSION

Air temperature in the near surface layer is determined mainly by upward long-
wave radiation. This radiation flux in turn depends on incoming to the ground, short-
wave and longwave radiation fluxes. Greenhouse gases determine downward long-
wave radiation flux and aerosols – the two shortwave radiation fluxes (downward 
and upward). Although the disclosed correlation between aerosols and these short-
wave radiation fluxes is weak, the influence of aerosols on upward longwave flux and 
respectively on air temperature is much greater for three reasons. Firstly, aerosols 
reduce downward shortwave radiation and at the same time they increase upward 
shortwave radiation, which leads to an overall increase of the net effect in shortwave 
spectrum. Secondly, the influence of net incoming to the ground shortwave radiation 
on upward longwave radiation is greater than the influence of the downward long-
wave radiation on upward longwave radiation. Thirdly, it was revealed that there is 
statistically significant influence at a lag of one month of aerosol optical depth on 
specific humidity, and respectively on downward longwave radiation flux, upward 
longwave radiation flux and air temperature. All this leads to the main conclusion 
that the influence of aerosols on air temperature is complex and greater than assumed 
so far, the effect being prolonged in time. Results of this study show that aerosols are 
the second most important factor that has influence on air temperature after the water 
vapor.

Greenhouse gases affect downward longwave radiation, but they have a smaller 
role in variations of upward longwave radiation and therefore in variations of air 
temperature. The main greenhouse gas is water vapor, but based on the available 
data it is difficult to estimate how much it affects air temperature and how much air 
temperature affects water vapor content in the atmosphere. The second most import-
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ant greenhouse gas is CO2, but it is the third factor influencing air temperature. The 
role of CH4 in the greenhouse effect remains difficult to assess due to the revealed 
significant inversely proportional relationship between this gas and water vapor. In-
creased content of water vapor leads to an increased content of hydroxyl radical in 
atmosphere, which in turn significantly reduces the content of CH4 in the air. In this 
sense, the observed in recent years positive trend in CH4 is somewhat lowered by also 
positive trend in the amount of water vapor in the atmosphere. Data from the period 
1979 - 2002 show that there was not any significant trend of specific humidity over 
Bulgaria from 1979 to mid 90s of the 20th century. After that there is a significant 
increase of specific humidity. This may partly explain the fact of the lack of any pos-
itive trend in CH4 in the period from late 90s of the 20th century to 2006.
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