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Ab stract—Urgent cur rent prob lems, namely, the cli mate change and its ef fects on river run off are con -
sid ered. The re gional cli mate change at dif fer ent al ti tudes and in sep a rate re gions of Azerbaijan is stud -
ied us ing long-term data of hydro meteoro logi cal ob ser va tions. The trend to wards the de crease in an nual 
river run off and peak flood dis charge as well as to wards the in crease in win ter (low-water) run off is
observed due to the in flu ence of re gional cli mate change.   
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IN TRO DUC TION

Ac cord ing to the data of World Me te o ro log i cal Or ga ni za tion (WMO), 80–85% of nat u ral haz ards in the
world are re lated to hydro meteoro logi cal pro cesses [1]. Since the cli mate of the Re pub lic of Azerbaijan is a
com po nent of the global cli mate sys tem, pro cesses in this sys tem af fect the cli mate con di tions in the coun -
try with dif fer ent in ten sity in dif fer ent time pe ri ods. So, the dy nam ics of var i ous nat u ral haz ards as so ci ated
with hydro meteoro logi cal pro cesses in creased on the ter ri tory of the re pub lic that has com plex cli mate con -
di tions. This cor rob o rates that cli mate changes are real nat u ral haz ards and re quire the in te grated ap proach
of sci en tists, pol i ti cians, and re lated in ter na tional or ga ni za tions. 

At pres ent  the av er age long-term air tem per a ture rise as com pared with the norm (com puted for the
30-year pe riod of 1961–1990 rec om mended by WMO) is about 1.0°C. How ever, this rise is dif fer ent for
the North ern and South ern hemi spheres and is spe cific in dif fer ent re gions of the world. 

RE GIONAL CLI MATE CHANGES

To in ves ti gate the re gional cli mate change in Azerbaijan, the data of 55 weather sta tions are used which
are lo cated in dif fer ent phys io graphic re gions and have long-term ob ser va tion se ries in clud ing 21 Vaisala
weather sta tions. Three of these sta tions, namely, Shahdag (2712 m), Kabash (3700 m), and Tufandag
(4172 m) are among the high est-altitude weather sta tions in the world [5].

The estimation of the anomalies of major indicators of climate change (air temperature and rainfall) in
Azerbaijan for the long-term period was carried out for different altitude zones (below the sea level, 1–200 m,
201–500 m, 501–1000 m, and >1000 m above the sea level) and for the separate physiographic regions (the
Greater Caucasus, Lesser Caucasus, Nakhichivan, Lankaran–Astara, Kura-Aras Lowland, and Apsheron–
Gobustan) as compared with the norm for 1961–1990. Of course, data from the weather stations located in
the mentioned regions and at the mentioned altitude are used. 

Table 1 presents the values of average annual temperature for the periods of 1991–2006 and 2007–2014
and its anomalies as compared to the norm for the quantitative estimation of air temperature rise in different 
periods and at different altitudes. As compared with the first period (1991–2006), the air temperature rise in 
the second period (2007–2014) is more significant at all levels. The increase in average annual temperature
in the whole republic was 0.6°C in 1991–2006, whereas it was equal to 0.8°C in 2007–2014. The most
significant temperature rise was observed in 2010 and 2012 (1.3°C in both cases), and the minimum one
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(0°C) was registered in 2011. The temperature anomaly is positive at all levels; however, the maximum rise 
is observed at the altitude of >1000 m above the sea level (Fig. 1).

The analysis of temperature trends at different altitudes revealed that the air temperature rise was observed 
in all altitude ranges in 1991–2014. The maximum amplitude of temperature was registered at the altitude
of >1000 m (Table 2). The analysis demonstrates that in 1991–2014 the minimum value of annual
temperature at all levels was observed in 1993 and the maximum value was registered in 2010 and 2012. At
the same time, as clear from Table 2, the highest amplitude of actual values of air temperature for that
period was observed at the altitude of 201–500 m (3.1°C) and >1000 m (3.6°C). The estimate of the trend
indicating the temperature rise is, of course, smaller than the amplitude of actual temperature, and its
maximum value for the period under consideration is registered at the same altitudes of 201–500 m (1.7°C)
and >1000 m (2.2°C).

Table 3 presents variations in air temperature in 1991–2014 as compared with the norm (1961–1990).
Several regions of Azerbaijan differing from each other in climate conditions are described. As clear, the
maximum increase in air temperature was observed in the Lesser Caucasus (1.2°C) and Nakhichivan
(0.9°C) located in the continental climate zone, and the minimum increase in air temperature in these years
was registered in the Greater Caucasus (0.4°C).

Table 4 presents variations in average long-term rainfall (1991–2014) as compared with the norm
(1961–1990) at different altitudes in Azerbaijan. The rainfall variations as compared with the norm are
insignificant for the whole republic territory: in 1991–2014 the observed rainfall increase is 11.0 mm only.
The maximum decrease in rainfall (–71 mm) was registered at the altitude of 201–500 m, and the maximum 
increase (77 mm) was observed at 501–1000 m. During the flood in 2010 which caused great economic
damage in the lower reaches of the Kura River, the rainfall exceeded the norm by 232 mm in the same
altitude range of 501–1000 m.

RUSSIAN METEOROLOGY AND HYDROLOGY   Vol. 41   No. 9   2016

636 MAKHMUDOV

Table 1. Variations in average annual air temperature (°C) at different altitudes in Azerbaijan

Pa ram e ter
Des ig -
na tion Pe riod

Al ti tude, m
Av er age for
the coun try

£0 1–200 201–500 501–1000 >1000

Norm
Av er age
long-term value
Dif fer ence       
T1 – N
Av er age
long-term value
Dif fer ence      
T2 – N
Av er age
long-term value
Dif fer ence 
T3 – N

N
T1

T2

T3

1961–1990
1991–2006

2007–2014

1991–2014

14.6
14.8

0.2

15.4

0.9

15.1

0.5

14.3
14.8

0.5

15.3

1.0

15.4

1.1

13.3
13.5

0.2

14.2

0.9

13.8

0.5

11.9
12.0

0.1

12.4

0.5

12.3

0.4

7.8
8.0

0.2

8.8

1.0

8.5

0.7

12.3
12.9

0.6

13.1

0.8

13.0

0.7

Ta ble 2. The am pli tude of tem per a ture vari a tions (°C) at dif fer ent al ti tudes and its trends in Azerbaijan

in 1991–2014

Am pli tude      
of tem per a ture

Al ti tude, m
Av er age              

for the coun try
<0 1–200 201–500 501–1000 >1000

Ac tual
Trend

2.3
1.3

2.2
1.1

3.1
1.7

2.6
1.6

3.6
2.2

2.4
1.1



EFFECTS OF CLIMATE CHANGES ON RIVER RUNOFF

To study the effects of regional climate changes on the river runoff in the republic and on its major
characteristics (the maximum Qmax, minimum Qmin, and annual Qan water discharge), the data were
analyzed of long-term observations on the main rivers located in different physiographic regions. The
long-term analysis of trends in the maximum, minimum, and annual values of river water discharge
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Fig. 1. Long-term vari a tions in av er age an nual air tem per a ture at dif fer ent al ti tudes in Azerbaijan in 1991–2014. The
straight lines are trends. (a) Av er age for the coun try; the trend equa tion: y = 0.0533x + 12.243; (b) al ti tude of <0 m; y =
= 0.0577x + 14.312; (c) 0–200 m; y = 0.0531x + 14.411; (d) 201–500 m; y = 0.0763x + 12.824; (e) 500–1000 m; y = 0.0727x +

+ 11.119; (f) >1000 m; y = 0.0956x + 6.7708.

Ta ble 3. Tem per a ture vari a tions (°C) in dif fer ent nat u ral re gions of Azerbaijan

Pa ram e ter
Des ig -
na tion Pe riod

Re gion
Av er age
for the
coun tryApsheron– 

Gobustan
Lankaran– 

Astara

Greater 
Cau-   
ca sus

Lesser
Cau-   
ca sus

Kura–
Aras

Low land

Nakhi-  
chivan

Norm
Av er age
long-term
value
Dif fer ence
T3 – N

N
T3

1961–1990
1991–2014

14.5
15.1

0.6

12.9
13.4

0.5

10.7
11.1

0.4

9.2
10.4

1.2

14.3
14.8

0.5

12.4
13.3

0.9

12.3
13.0

0.7



demonstrates that the maximum and annual runoff values decrease and the winter minimum runoff
increases for the majority of Azerbaijan rivers (Fig. 2). 

The anal y sis of dif fer ent cli ma tic sce nar ios dem on strates that the ob served de crease in an nual run off of
the rivers in Azerbaijan will con tinue [4, 5]. Such trend is reg is tered for a num ber of rivers in the world in -
clud ing the south ern rivers of Rus sia. The de crease in spring flood peak dis charge (by about 20–40%) is
ob served on West ern Eu rope rivers [2]. 
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Fig. 2. Tem po ral vari a tions and trends (the straight lines) in (a) the max i mum Qmax, (b) an nual Qan, and (c) min i mum Qmin

river dis charge in Azerbaijan. (a) the Vilyashchai River–Shykhlar; (b) the Kura River–Surra; (c) the Kudialchai River–
Kyupchal.

Ta ble 4. Rain fall vari a tions (mm) at dif fer ent al ti tudes in Azerbaijan

Pa ram e ter Desig-   
na tion  Pe riod

Al ti tude, m
Av er age        

for the coun try
£0 1–200 201–500 501–1000 >1000

Norm
Av er age
long-term
value
Dif fer ence   
X – NX

NX

X
1961–1990
1991–2014

334
369

35

327
336

9.0

478
407

–71

534
611

77

639
644

5.0

462
473

11.0



The in crease in min i mum river run off in win ter is particularly re lated to the or i gin of cur rent cli mate
change [3]. The most sig nif i cant tem per a ture rise is ob served in winter; it increases the con tri bu tion of
melt wa ter to the wa ter in flow to the rivers and, at the same time, af fects spring flood run off: flood du ra tion,
run off vol ume, and the peak dis charge de crease. 

CON CLU SIONS

Thus, the anal y sis of the ob ser va tional data re vealed the fol low ing. 
In Azerbaijan in 1991–2014 the av er age long-term air tem per a ture rose by 0.7°C as com pared with the

norm for 1961–1990. The max i mum in crease in tem per a ture oc curred at the al ti tude of 1–200 and >1000 m
above the sea level. In 2007–2014 the tem per a ture anom aly in creased still more and was 0.8°C. The anal y -
sis of sea sonal vari a tions dem on strated that tem per a ture rises in all sea sons ex cept spring. The warm est
years in the re pub lic were 2010 and 2012. In both cases the tem per a ture anom aly as com pared with the
norm was equal to 1.3°C. 

As to the re gions, the max i mum tem per a ture rise in 1991–2014 was ob served in the Lesser Cau ca sus
(1.2°C) and the min i mum one was reg is tered in the Greater Cau ca sus (0.4°C).

The de crease in an nual river run off is ob served. The flood peak dis charge de creases and the win ter min i -
mum run off in creases. 
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