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Abstract. A study of the regularity of precipitation distribu-
tion at the airdromes of Azerbaijan Republic was carried out
for the purpose of defining the basic parameters of the cli-
matic peculiarity that have an impact on the activities of civil
aviation. For calculation of the key parameters, mathemati-
cal analysis methods are applied on the long-term statistical
data.

1 Introduction and data

For the study of the level of impact of the climatic factors
on aviation maintenance, one of the basic issues that should
be investigated is the distribution of precipitation at the air-
dromes. Precipitation is an important climatic variable and
has special value in working out aviation-climate relation-
ships of the airdromes.

For the purpose of studying the nature of precipitation
distribution at the airdromes of Azerbaijan Republic, the
monthly and annual amounts of raingauge measured pre-
cipitation within the period 1955–1999 were utilized. The
data were collected at the following airdromes: Baku/Heydar
Aliyev, Nakhchivan, Ganja, Yevlakh and Lenkoran.

2 Results

Table 1 shows that the smallest amount of precipitation was
observed at Baku and Nakhchivan, while the largest was
at Lenkoran. Precipitation at the Nakhchivan airdrome re-
sults mainly during intrusions of cold air masses. At the
Nakhchivan airdrome the annual average is 271 mm. Ac-
cording to the basic seasonal feature, the maximum precipi-
tation occurs during the cold half of the year.
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Because of the mountains near Nakhchivan, a minimuml
amount of precipitation occurs at the airdrome. This area
is open to the dry air masses flowing in from semi-deserts.
For the period of review, the mean long-term value of the
annual amount of precipitation at the airdrome “Baku” was
272 mm. The airdrome is located in a semiarid zone. The
minimum annual amount of precipitation (131 mm) was ob-
served in 1983, and the maximum (434 mm) – in 1969. The
amount of precipitation essentially less than the norm was
observed in 1960, 1986, 1989 and 1998. On the contrary,
the largest amount of all precipitation was observed in 1963,
1973, 1982 and 1999.

Furthermore, the norm of the annual amount of precipi-
tation was researched for the period 1961–1990 as recom-
mended by the World Meteorological Organization. Within
this period the amount of precipitation, in comparison with
the period of 1955–1999 (272 mm) changed insignificantly.
It rose to 277 mm. Within the examined period the amount
of precipitation increased for 5 mm only.

For the last 5 years of the observation period (1995–1999),
the annual amount of precipitation in comparison with the
period of 1955–1999 decreased by 22 mm and was 255 mm.

The calculation of two parameters of the annual amount
of precipitation with a temporary variability was carried out
with the mean quadratic deviation (σ) and factor of a varia-
tion (Cv). These parameters were calculated with:

σ =

√√√√√ n∑
i

(xi − x)2

n
(1)

Cv =

√√√√√ n∑
i

(ki − 1)2

n
(2)
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Table 1. Long-term mean values of monthly and annual precipitation amounts (in mm).

Airdrome Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

Baku 28 24 27 24 21 9 2 8 22 40 38 34 277
Nakhchivan 25 23 33 40 40 23 8 6 8 20 26 19 271
Ganja 14 15 20 30 41 39 25 16 24 24 21 13 282
Yevlax 22 27 37 31 35 31 15 13 25 34 31 22 323
Lenkoran 87 87 128 71 41 40 42 84 235 276 201 110 1402

Fig. 1. Long-term trend of annual amounts of precipitation.

xi annual precipitation
x the norm of precipitation
n the period of observation
ki ratio

Here, for the whole reviewed periodσ=76.5 mm,
Cy=0.28, and for the period of 1961–1990–σ=82.4 mm and
Cy=0.30.

Thus, it is concluded that the values of these statistical pa-
rameters for the analyzed periods have not essentially varied.

An analysis of a long-term trend of the annual sums of
precipitation was carried out. For defining the directional
deviations in long-term precipitation the method of a linear
trend was used. The trend shown through a long-term course
of measuring the annual amounts of precipitation is shown in
Fig. 1.

The following equation was used to calculate the linear
trend:

X = −0.2433· N + 277, (3)

X Annual precipitation amount
N Consecutive number in line

According to Fig. 1 and Eq. (3), the negative trend for
long-term trend of annual amounts of precipitation is defined.
However, a non-significant statistical difference is inferred
by this reduction of precipitation, sinceR2

=0.0017.

Table 2. Mean values, mean square deviation (σ ), coefficient of
variation (Cv) of seasonal precipitation sum for various observation
periods.

Period Parameter Winter Spring Summer Autumn

1955–1999 Mean value
σ

Cv

84.6
38.1
0.45

64.6
36.8
0.57

17.8
15.4
0.87

103.8
53.2
0.51

1961–1990 Mean value
σ

Cv

85.6
41.0
0.48

71.6
39.1
0.55

18.7
17.4
0.93

100.4
50.5
0.50

1995–1999 Mean value 84.8 31.6 13.8 130.0

The intra-annual distribution of precipitation is considered
in two ways: by calendar months and by seasons of the year.

Mean annual rainfall is defined specifically for each month
of the whole observation period.

The analysis of the long-term data shows, that intra-annual
distribution of precipitation at the airdrome at Baku is very
irregular. In the summer period, especially in July, the min-
imum precipitation was observed. For some years (1956,
1962, 1971, 1980, 1995, etc.) in July precipitation wasnot
observed at all. In 1978, even in September, no precipitation
was observed.

Within the long-term period, the maximum precipitation
was registered in November. However, in 1983 the maximum
was registered in September, and in 1969, in January.

At the airdrome of Nakhchivan, within the annual trend of
precipitation, the basic maximum was registered in spring
(April–May) and the secondary was registered in autumn.
The basic minimum precipitation was registered in summer,
and in the beginning of winter. In some years, the signifi-
cant deviation of the monthly and annual sum of precipita-
tion compared with the average over the long-term was reg-
istered. The cause was attributed to the character of the de-
velopment and intensity of atmospheric processes. In some
cases, the one month amount of precipitation exceeded the
monthly long-term norm by 2–3 times. Thus, in July of 1997
at the airdrome of Nakhchivan, 62 mm of precipitation were
registered. This is nine times the climatic norm. The vari-
ability of the amount of precipitation is great.
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Table 3. Mean values of maximum daily amount of precipitation(X), their factors of a variation(Cv) and asymmetry(Cs).

Parameter
Month

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year

X, mm 9 7 10 11 7 5 3 5 9 12 13 10 13
Cv 0.81 0.68 0.91 1.01 1.31 1.12 1.40 1.56 0.94 0.87 0.83 0.68 0.47
Cs 2.05 0.83 1.65 2.27 3.45 2.31 2.74 2.51 1.39 2.06 2.05 1.04 1.37

The mean values of the precipitation for each month were
calculated for the period of 1961–1990 and 1995–1999 (Ta-
ble 2).

In Table 2, the mean quadratic deviation and coefficient
of monthly variation of precipitation are shown. The range
of valueCv changes from (February, 0.64) to (August, 1.53).
As a whole, the minimum valuesCv were registered in the
winter months, and the maximum in the summer months, as
well as in May.

The seasonal distribution of precipitation was also irreg-
ular. The maximum amount of precipitation fell in autumn
(September, October, and November) at 104 mm (38.3% of
annual). As it was already shown in Table 2, the minimum
amount of precipitation was registered in summer−18 mm
(6.5%). In the winter months, the amount of precipitation
was greater, than in the spring months. The average long-
term value of precipitation in a winter season was 85 mm
(31.2%), and for a spring season−65 mm (24.0%).

The distribution of the annual amount of precipitation dur-
ing the seasons of year for the period of 1961–1990 is similar
to the dates shown in Table 2.

For the last 5 years (1995–1999), in comparison with the
long-term period, the amount of precipitation for the spring
season decreased by 50%, and for summer season – by 24%.
In autumn, on the contrary, the amount of precipitation in-
creased by 25%. Winter precipitation barely changed.

In Table 2, the long-term deviation and variation for all
seasons of the year, during all observation periods and during
1961–1990 are also shown. Apparently, the maximum value
of the factor of variation is typical for the summer season
(Cv=0.87), and the minimum value, for the winter season
(Cv=0.45). For the spring and autumn seasons, the values
are 0.57 and 0.51, respectively.

For the definition of trends in a long-term period of the
seasonal sums of precipitation, the method of linear trend
was adopted. For this purpose, the middle months of each
season were chosen: 4 January, 5 April, 6 July and 7 October.

X = −0.1774· N + 30, (4)

X = −0.2914· N + 28, (5)

X = −0.1095· N + 3, (6)

X = −0.195· N + 39 (7)

For April and January, the negative linear trend is de-
fined i.e. in a long-term period, the amount of precipita-
tion decreased;R2 for April is 0.0436 and for January is
0.0142. The trend for October is statistically insignificant
(R2=0.0068); for July the trend is not registered at all.

In a long-term period, only 7% of the total amount of pre-
cipitation within one year fell as snow and snow grouts, 12%
– as mixed (sleet, snow with rain), and 81% – as rain. The
largest amount of firm precipitation was observed in Febru-
ary (26%), and mixed was shown in March (39%). In some
years, snow with rain can be observed in the first half of
April. From May till October, precipitation falls only as rain.
In November and December, rain is 80% of all precipitation.

In Table 3, the mean values of maximum daily amount of
precipitation, their factors of a variation and asymmetry are
shown. The analysis of the table shows that the maximum
values of the average maximum daily amount of precipita-
tion was registered in October through to November (12–
13 mm) and March and April (10–11 mm), and the minimum
was shown in June–August (3–5 mm). The maximal values
of factor of a variation (Cv) are typical for daily precipitation
during April through to August (1.01–1.56) and the mini-
mum values ofCv are 0.68 for February and December. The
maximal values of the factor of asymmetry for April through
to August 2.31–3.45, and minimum for February and Decem-
ber: 0.83 and 1.04 accordingly.

The duration of precipitation is one of the major charac-
teristics of atmospheric precipitation. During autumn-winter
season the rainy periods have endure from 1 to 3 days.
Longer rainy periods are seldom observed. Rains falling in
spring and in summer, as a rule, have a short-term shower-
like character.

The average duration of annual precipitation is 618 h for
Baku, with a maximum in January (95 h) and a minimum
in July and August (7–8 h). Total duration of precipitation
for the warm period (March through to October) is 2.5 times
less, than for the cold period. At the same time, the total
amount of precipitation in summer was 11% less than in the
winter period.

For every calendar month the value of the maximum dura-
tion of precipitation exceeds the corresponding mean values
by 2–3 times.

The maximum duration of precipitation at the airports
Nakhchivan and Ganja was observed during the autumn and
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winter period (51–56 h); in Lenkoran during the spring and
summer periods (64–68 h); in Yevlakh during the autumn
and winter period (42–49 h). As a whole, the annual trend of
the duration of precipitation correlates well with the annual
trend of their amount.

3 Conclusions

As a result of this statistical analysis, the following charac-
teristics of precipitation at the airdromes of the Azerbaijan
Republic were determined:
1) Mean values of the monthly and annual sums;
2) Seasonal description of precipitation;
3) Norms of annual amounts for the periods 1955–1999,
1961–1990 and 1995–1999;
4) Parameters of time variability of annual, monthly and
seasonal amounts;
5) Long-term trend of the annual sums;
6) The ratio of precipitation types;
7) Seasonal duration and annual trend of duration.
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