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Abstract—A method of simulating daily precipitation and daily mean surface air temperature is considered.
The proposed algorithm is based on the simulation of dry and wet periods and on the method of inverse func-
tions. The method is used to generate model time series of daily values of the precipitation amount and mean
air temperature on the basis of data from weather stations located in different natural climatic zones. The time
series of these climatic parameters simulated by the proposed stochastic generator are statistically adequate to

the observed data series.

INTRODUCTION

Some processes occurring in the Earth's climate
system have characteristic times that are much larger
than the lengths of the observed time series. In studying
such processes, the problem arises concerning the sim-
ulation of long time series of the parameters of these
processes from available observational data, because
the real time series are not long enough for a reliable
estimation of the probability of occurrence of a given
process. Model time series are also required to simulate
meteorological conditionswhen their statistical charac-
teristics change. These problems are solved using sto-
chastic weather models, also called weather generators.

Weather generators are most often used to forecast
major agroclimatic consequences of global warming
[1, 2], to assess the influence of possible climate
changes on land surface hydrology and water resources
[3-5], and to anayze the response of vegetation to
probable changes in the climatic parameters [6-8]. The
problem of supplementing experimental time series
with model values arises in the development of empiri-
cal climate models[9], in analysis of climatic variabil-
ity under conditions of a changing climate [10], in
study of the impact of global climatic changes on
regional climates[11, 12], and in arisk assessment of
carbon sequestration projects [13].

At present, several weather generators have been
constructed to simulate model time series of climatic
parameters from available data of weather station
observations. Short surveys of stochastic weather mod-
elsaregivenin[2, 11, 14]. Among the conceptual bases
of these generators, two major approaches are notewor-
thy. The idea of one of them is that the lengths of
sequences of consecutive dry or wet days (periods)
alternating within the year are model ed using long-term
observational data [15]. Dry days are those with no or

little precipitation, and wet days are with measurable
precipitation. Then, climatic parameters, such as the
amount of precipitation, temperature, solar radiation,
and vapor pressure, are determined for each day of the
indicated period depending on the length of a period
and a specified distribution of the climatic parameters.
The LARSWG wesather generator is based on this
method [14]. In the second simulation method, a
weather process is regarded as a first-order Markov
chain with two states: dry days and wet days. The con-
ditional transition probabilities are derived from the
local weather data. Climatic parameters are simulated
depending on the state and a given type of distribution.
This approach forms the basis of weather generators
such as WGEN [16], Met&Roll [2], CLIMGEN [17],
and GEM [18]. It should be noted that stochastic
weather models are usually local models and require a
calibration with respect to observed data for each geo-
graphic location.

For smulating precipitation amounts, many of the
weather generators employ a gamma distribution. This
is related to the use of a minimum number of easily
interpreted parameters of this distribution providing a
fairly good approximation of observed data[19, 20]. In
several works, precipitation amounts in the region are
modeled using other special distribution laws, such as
Pearson, Weibull, log-normal, mixed geometric, expo-
nential, and mixed exponential distributions [15, 19,
20]. It should be noted that often areliable estimate of
the parameters of these distributions is difficult to
obtain from available data. The values of air tempera-
ture are usually modeled by a normal distribution [15,
21]. However, some publications present the tempera-
ture distributions obtained by processing long-term
meteorological series that are non-Gaussian [21, 22].
Thus, the often-used hypothesis that distribution func-
tions for both precipitation and temperature are inde-
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pendent of the geographic location is quite controver-
sial.

The goa of this work is to develop a simulation
method for daily precipitation amounts and daily mean
surface air temperatures that is a priori independent of
either any certain preliminarily specified types of distri-
butions or any particular geographic location.

SIMULATION METHOD

In[11, 14], results are given of a comparison of the
climatic series produced by weather generators based
on the simulation of dry and wet periods and on the
Markov approach. These studies have shown that
weather generators based on the simulation of the
lengths of dry and wet periods generate model series of
climatic parameters that are more adequate to observed
data. The stochastic weather model discussed here is
based on the algorithm of anaysis of the lengths of dry
and wet periods alternating during the year.

Thefirst step in solving the formul ated problemisto
find the distribution of the lengths of dry and wet peri-
ods for each month at a given geographic location from
empirical data. For this, statistical series of the lengths
of periods of the two given types are constructed using
time series of observational data.

In analyzing period lengths, it is assumed that the
period belongsto the month in which it has started. The
length of a period is defined as the number of days for
which the period lasted. Let us denote the number of
periods of agiven type of length j for the ith month (i =
1,12) by k;, the number of periods of this typein the
given month by D', and the largest length of the period

in thismonth by L'. From k|, we obtain the frequencies
of periods of different lengths in the given month

ol = K/D'.

The set of j and corresponding frequencies p'j define
the statistical series of a given period type for the ith
month.

From the statistical series of the lengths of dry and
wet periodsfor theith month, it is possibleto determine
the distribution functions of the lengths of these peri-
ods. The empirical distribution functions of these

parameters at the pointsj = (ﬁ are specified as

F(0) =0,
F(j) = a, j=1L-1,
F(L') = 1,

where aij = zl‘( _, P, . Connecting the adjacent points

(s aij) and (j + 1, aij+l) by a broken line through the
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point (j + 1, aij ), we obtain an approximate empirical
stepwise distribution function for period lengths. Thus,
the distribution functions used here for the lengths of
dry and wet periods are written as

M x<1
l

F(X):Eaj jSX<j+11 j=1,|_—1 (D
Eﬂ x=L.

The next step in solving the problem is to find the
distributions of daily precipitation amounts and daily

mean temperatures for each month of the year. Let X,
and ximax denate the minimum and maximum values of

agiven climatic parameter for theith month (i = 1, 12).
Let N' denote the number of measurements of this
parameter in the given month. The range of variation of
the given parameter is partitioned into n equal parts
[Xmin» Xmac] = [17_,[%) Xj.1], and the number of
measurements of this parameter (mi]-) is counted for
each jth interval of this partitioning. From m'] we

obtain the occurrence frequencies for the correspond-
ing intervals

wij = mij/ N'.
The set of intervals [xij , xij +1] and corresponding fre-

quencies W, describe the statistical series of the ana-
lyzed climatic parameter for the ith month.
Suppose that the values of the climatic parameter for

the ith month are unlikely in the intervals [xil = ximm,
leax] =

[17210X), Xj.4] if thefrequency w; in any subinterval

i k=1rpi i i
X ] = j:1[x]-, Xj+1] and [X;, X, =

[xij , xij +1] of these intervals does not exceed 1/N'. The
values of the climatic parameter for the ith month will

be called regular if they lie in the interval [x,, %] =
L1 DX Xl -

There are not enough datato find an appropriate dis-
tribution of rare values of the given climatic parame-
ters. In this study, a uniform distribution of these tem-
perature and precipitation valuesis assumed asthe sim-
plest mathematical hypothesis.

From the statistical series of the climatic character-
istics for the ith month, one can obtain distribution
functions for their regular values. Without loss of gen-
erality, we assume that regular values, both precipita-

. . . N
tion and temperature, satisfy the equality =W = 1.
The empirical distribution functions for the analyzed
climatic parameters at the boundary points of the inter-
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Table 1. Natural and climatic characteristic of geographic locations

Wesather station Ko%ﬂer;m;t'rer%/\gtha Natural climatic zone Period
St. Petersburg (60° N, 30°21' E) Temperate continental Middle taiga 1900-1990
Magadan (59°32' N, 150°49' E) Subarctic continental Forest-tundra 1936-1990
Bezenchuk (53°12' N, 50°24' E) Temperate continental Temperate arid steppe 19551983
Orenburg (51°47' N, 55°08' E) Temperate continental Arid steppe 1900-1990
Irkutsk (52°28' N, 104°20' E) Temperate continental Southern taiga 1910-1990
Kamennaya Step (51°07' N, 40°50' E) Temperate continental Temperate arid steppe 1955-1986
Kompolt (47°42' N, 20°17' E) Temperate maritime Meadow steppe 1956-1985

vals [X, X}, ], which are present in the statistical
series for these parameters, are specified as

F(xy) = 0,
F(xi,-) = b', j =2,n=-1,
F(x) = 1,

where bij = zl'( _ lWL. Connecting the adjacent points

by a straight line, we obtain an approximate empirical
distribution function for a given climatic parameter.
Thus, the distribution functions used here for daily pre-
cipitation and daily mean temperatures are written as

E 0, x<Xx

O X—X S
F(x) = W, =2 4b ;X SX<X;,j=2,n

0 X—X-1 )

O

0 1, x=Xx,.

Hence, the problem is to simulate random variables
that fit the distribution functions (1) and (2). For this
purpose, the method of inverse functions will be used.
The method transforms the sequence of random num-
bers uniformly distributed on the interval (0, 1) into a
sequence of random numbers with a given distribution
function F(x). A substantiation of the method can be
found in [22]. According to the method of inverse func-
tions, for the indicated transformation, one must select
a random number y out of the set of random numbers
uniformly distributed on theinterval (0O, 1) and solvethe
equation

FX) =y
for x. The solution of this equation

X=F(Y) 3)

(where F! isthe inverse of the function F) isarandom
number from the set of random numberswith the distri-
bution function F(x).

Thus, according to (3), the sequence of random
numbers with distribution function (2) can be deter-
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mined from the sequence of random numbers uni-
formly distributed on the interval (O, 1):

x = F(Y) = (4 =X_)(y=b_)/wj+x_; (4
ifb_,<sy<bandb=Y]_,

If the sequence of random numbers has step distri-
bution function (1), formula (4) can be written as

X =min(j:y<a)
J

Wi .

ifg_;<y<aanda = z|j<=1pk-

RESULTS

The actual dataused in thisstudy were daily mean air
temperatures and daily precipitation from the following
weather stations. Bezenchuk, Irkutsk, Kamennaya Step,
Magadan, Orenburg, St. Petersburg (Russia), and
Kompolt (Hungary). The stations are located between
47°-60° N in different natural climatic zones (Table 1).

Analysis of the observed and model values of the
length of dry and wet periods has shown that the pro-
posed model satisfactorily simulates real weather
series. Figure 1 shows the actual and model monthly
mean values of the length of dry and wet periods. It fol-
lows from the graphs that the mean length of wet peri-
ods for the indicated geographic locations varies from
1 to 4 days; the mean length of dry periods lies in the
range from 2 to 8 days. As arule, the mean lengths of
dry periodsin each month are larger than the lengths of
wet periods during the year. Data for the northern taiga
are an exception. Analysis of St. Petersburg weather
station data shows that the mean length of wet periods
from September to March is larger than the length of
dry periods. Thus, it follows that the proposed method
adequately describesthe changein thelength of dry and
wet periods during the year. The differences between
the observed and model values average no more than
6% for dry series and up to 8% for wet series.

The lengths and probabilities of occurrence of dry
periods during the time interval under study are impor-
tant in problems connected with the assessment of con-
sequences of agroclimatic changes and with the fore-
cast of changes in hydrologic processes. Figure 2
depicts the probability of occurrence of dry periods
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Fig. 1. (1, 3) Observed and (2, 4) model values of monthly mean lengths of (1, 2) dry and (3, 4) wet periods for (a) St. Petersburg,
(b) Kompolt, (c) Bezenchuk, (d) Orenburg, (€) Irkutsk, (f) Kamennaya Step, and (g) Magadan.
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Fig. 2. Probability of occurrence (P) of adry period of length L during the year from observed (solid line) and model (dashed line)
datafor (a) St. Petersburg, (b) Kompolt, (c) Bezenchuk, (d) Orenburg, (€) Irkutsk, (f) Kamennaya Step, and (g) Magadan.
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Fig. 3. Probability of occurrence (P) during the year of a dry period with a length greater than L from observed (solid line) and
model (dashed line) data for (a) St. Petersburg, (b) Kompolt, (c) Bezenchuk, (d) Orenburg, (€) Irkutsk, (f) Kamennaya Step, and

(9) Magadan.

with different lengths during a year from the observed ods in the forest zone (Figs. 2a 2e), a smoother
and model datafor theindicated geographic sites. Itfol-  decrease in the steppe zone (Figs. 2b-2d, 2f), and the
lows that the model adequately simulates the sharp  probability of long dry periods in the Far East forest-
drop in the praobability of occurrence of long dry peri-  tundra zone (Fig. 2g). The probabilities of occurrence
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Table 2. Means (X, mm) and standard deviations (o) of actual (1) and model (2) daily precipitation in wet periods (estimate

from n time series)

Month
Weather station Data

Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec.
St. Petersburg 1 | x 17 | 18 | 21 | 27 | 36 | 44 | 49 | 52 | 39 | 34 | 25 | 19
n=91 o) 24 | 22 | 26 | 34 | 48 | 53 | 65 | 7.7 | 48 | 40 | 31 | 24
2 | x 17 | 18| 21 | 26 | 36 | 43 | 50 | 49 | 40 | 34 | 26 | 19
o 23 |1 22 | 28|31 |49 | 53| 64| 65| 51| 41| 32| 24
Magadan 1 | x 16 | 16 | 14 | 30 | 35 | 42 | 43 | 50 | 63 | 54 | 36 | 23
n=55 o 22 | 23| 30| 64 | 56 |66 | 70|90 | 91| 82| 57 | 34
2 X 1.7 1.7 14 | 34 | 34 | 44 | 41 | 51 | 57 | 52 | 37 | 23
o 24 |1 24 | 31|69 |57 |69 )| 70|96 |83]| 81| 65| 33
Bezenchuk 1 | x 25| 22 | 23 | 33 | 37 | 50| 48 | 44 | 42 | 35| 24 | 22
n=29 o 31|26 | 29| 46 | 49 | 71 | 73 | 56 | 57 | 42 | 31 | 28
2 | x 26 | 25| 22 | 35| 38| 49 | 50| 42| 43| 37 | 25| 20
o) 32 30| 29|51 |56 | 70| 78|56 | 58| 45| 31| 24
Orenburg 1 | x 15| 16 | 1.7 | 28 | 37 | 40 | 41 | 37 | 34 | 31 | 24 | 17
n=91 (o} 23 | 22 | 26 |41 | 52 |57 |59 |57 ]| 47| 40| 32 | 23
2 | x 16 | 16 | 1.8 | 27 | 36 | 38 | 42 | 37 | 34 | 31 | 24 | 17
o 23 | 22| 28 | 39|51 |58 |61 | 62|46 | 38| 32| 24
Irkutsk 1 X 0.9 1.0 14 | 22 | 31 | 58 7.3 6.1 | 40 | 25 14 | 11
n=81 o) 09 | 27 | 19 | 30 | 40 | 85 |101 | 90 | 58 | 41 | 1.7 | 14
2 | x 09 | 09|14 |22 |31 |58)|67]|60]| 38| 28| 14| 11
(o} 10| 21| 20| 32| 41|85 |96 |93 | 53| 53| 18| 15
Kamennaya Step 1 | x 20| 18 | 18 | 33 | 43 | 48 | 43 | 45| 40| 32 | 26 | 21
n=32 o 28 | 25| 24 | 43 | 57 | 68 | 64 | 64 | 61 | 43 | 34 | 30
2 | x 22 | 19 | 18 | 32 | 44 | 47 | 44 | 48 | 39 | 29 | 28 | 21
(o) 30| 28| 23|41 | 58|68 | 70|68)|63]|39]| 36| 31
Kompolt 1 | x 32 | 36 | 34|41 | 49 | 68 | 58 | 70| 51 | 55| 46 | 36
n=30 o 43 | 45 | 42 | 53 | 59| 90| 81|96 | 74| 75| 61| 50
2 X 34 | 40 | 36 | 39 | 48 70 | 57 72 | 55 | 55 | 47 | 33
o) 44 | 45 | 46 | 49 | 61 | 94 | 85 |104 | 75 | 77 | 60 | 44

during the year of adry period whose length is greater
than the given value are shown for the stations of inter-
estinFig. 3. Itisseen that deviations of the model prob-
abilities from the observed values are not large. Thus,
the proposed weather generator simulates well theindi-
cated extreme weather characteristics.

The values of daily precipitation and daily mean air
temperatures generated by the proposed simulation

IZVESTIYA, ATMOSPHERIC AND OCEANIC PHYSICS Vol. 40

method agree well with the observed data. The means
and standard deviations of the observed and model
daily precipitation in wet periods and daily mean air
temperatures, calculated from the corresponding time
series of daily datafor each month, are given in Tables 2
and 3. It can be seen that differences between the model
and observed values of these climatic characteristicslie
in the range of measurement accuracy.
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Table 3. Means (X, °C) and standard deviations (o) of actual (1) and model (2) daily mean air temperatures (estimate from
n time series)

Month
Weather station Data

Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec.

St. Petersburg 1| x 76| -75| 34 35| 10.2| 153 | 180 | 16.3| 11.0 51| -02| 438
n=91 o 20 19 20 23 35 4.1 49 6.0 4.0 35 2.7 21
2| x 76| -75| =34 36| 101 152 | 179 | 163 | 11.0 51| -02| 46
o 20 19 21 24 3.6 40 5.0 5.0 4.2 35 28 21
Magadan 1| x |-171|-159 |-125| 55 13 69| 11.2 | 117 71| 21 |-110 |-15.2
n=>55 o 6.2 6.0 55 38 29 28 21 19 2.7 4.9 52 59
2| x |-170]|-159 |-125| 55 13 69| 11.2 | 116 71| 22 |-11.2 |-154
o 6.3 6.1 54 38 2.8 2.8 22 19 2.7 4.8 53 5.8
Bezenchuk 1| x |-122(|-124| 59 6.7| 153 | 190 | 20.7| 191 | 128 47| 26| 87
n=29 o 7.8 7.8 6.6 55 4.7 44 35 39 4.7 48 51 7.0
2| x |-121|-124| 6.0 6.8| 153 | 189 | 20.7| 19.1 | 127 51| 27| 86
o 8.1 75 6.8 5.6 4.7 4.2 35 4.0 4.7 4.3 5.0 7.0
Orenburg 1| x |-141(-139| -70| 57| 153 | 202| 223| 201 | 133 | 44| -38|-10.7
n=91 o 7.5 74 6.6 6.3 49 4.5 38 4.1 49 4.8 5.9 7.1
2| x |-140|-139]| -7.1 59| 152 | 202 | 221 | 202 | 134 44| -3.8 |-10.6
o 7.6 7.3 6.6 6.3 49 45 39 4.2 49 48 6.0 7.1
Irkutsk 1| x |-200|-175| -89 14 90| 152 | 179 | 151 8.3 09| 99 |-17.9
n=2381 o 6.7 6.0 6.1 4.6 4.4 3.6 28 34 35 4.7 6.9 75
2| x |-200]|-174| 90 15 90| 151 | 179 | 150 8.4 0.9 [-10.1 |-17.9
o 6.9 5.9 6.1 4.4 4.4 3.6 2.7 34 3.6 48 6.9 7.5
Kamennaya Step 1] X 89| 88| 34| 75| 150| 184 | 199 | 190| 132| 59| -09| 56
n=232 o 7.0 6.9 5.6 51 47 4.0 34 4.0 47 4.6 5.0 6.3
2| X 90| -87| -34 73| 152 | 182 | 199 | 189 | 136 58| -09| 53
o 7.3 6.7 57 51 4.6 39 35 4.0 45 45 5.0 6.2
Kompolt 1|x | 22| 03| 47| 107| 156| 193| 209 | 203 | 162| 105| 49| 02
n=230 o 45 43 43 38 3.7 34 3.2 3.2 3.6 38 4.1 3.9
2| x -2.3 0.3 46| 108 | 157| 192 | 209 | 20.3| 16.2 | 10.8 4.7 04
o 47 4.2 44 39 3.6 3.2 3.2 3.2 35 3.6 41 39
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Table 4. Statistics (lower quartile Xy o5, median xg 5, upper quartile X 75) of actual (1) and model (2) distributions of daily pre-

cipitation (mm) in wet periods

Month

V;/;\itgﬁr Statistics| Jan. Feb. | Mar. | Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec.
1(2(1|2|1(2|1|2|1|2|1|2(1|2|1|2|1|2|1|2|1|2|1]|2

St. Peters- | Xp05 |0.3/0.3|0.3/0.3/0.3/0.4|0.5/0.4/0.6/0.5/0.8/0.8/0.7|{0.9/0.9/0.1|0.7|0.7]|0.6|0.5|0.4| 0.4/ 0.3| 0.4
burg X055 0.8(0.8]|1.0{10(11|11(15|14|19|1.8|26|26(|24|28|2.7|26(21|21|18(1.8{1.3|1.3{1.0(0.9
Xo75 |21]22]|25(25(2.7|2.8/3.6|3.6/4.8|/49|59|56(6.4|6.9/6.7|6.6/5.3/55|4.8/4.7|3.6/3.6|2.6(2.3

Magadan | X5 [0.3/0.2|0.3/0.3|0.2/0.2|/0.4/0.3|0.4/0.4/0.4|0.4/04/0.4|0.3|/05/0.7/0.1{0.6/0.7|0.5|04(0.4|04
X055 0.7/0.8|0.7/06/0.6|06(1.0{1.1|15|15(15|15(14|13|14|14|27|24|23|22|1.7|1.6{1.0(1.0

X075 |1.8[22(1.9]22]|15|15/3.1|3.0{4.3|41|5.0|50|51|4.8/55(5.9(8.2|7.9|6.1|58(4.6(4.4/3.2|2.9

Bezenchuk| X505 [0.5/0.4|0.4|04(04(04|0.7/0.9/0.6/0.6/0.8/0.8/0.9/0.8/0.7/0.6/0.8/0.7|0.7|0.8/0.4|0.4|04|04
X055 13|15(11|1.2|13|1.2|19(19|1.7|1.6|25(25|23(24|21({21|22|22(22|23|13|14[{12|11

X075 |3.1/34(3.0{34|3.0|30(4.1(4.3/4.8/46|65|6.2|52|6.0/5.9(5.2(4.7|4.8|44|44|3.2/3.2/129|25

Orenburg | Xp25 [0.3/0.2/0.3/0.3{0.2{0.2{0.4/0.4/0.5|0.5|0.6|0.6|0.6|0.6|0.5/0.5/0.6/0.6/0.5/0.6/0.4|/0.4|0.3/0.3
X055 0.7/0.8/0.8/0.8/0.8|0.8(1.3|1.3|1.7|16(1.7|16(1.8|18|1.7|1.7/16|1.6|16(1.7{1.1/1.1{0.8(0.8

X075 |1.8[20({21]2.0|20|2.1/34|3.3|45|4.6|5.0|4.8|51|52|45(4.2{41|42|42|43|3.0(3.3(22|2.2

Irkutsk X025 0.3/0.1/0.2/0.2{0.3{0.3/0.5|0.4|0.7/0.6|0.7|0.8/1.0|0.5|0.7|0.7|0.6/0.6|0.4|0.6|0.3| 0.3/ 0.3 0.3
Xo.5 0.6/05|0.6/06(0.7|0.71.1|1.1|1.7|1.7|26|26|3.2|3.1{25|25[|20(2.0|1.3(/1.4|0.8/0.8|0.6(0.6

X075 |12(13[1.2{12]|16|1.7(2.7(|2.7|42|4.0|7.3|7.4|19.7/9.3|8.0/7.9|5.0|4.7|32|34(19(18|13|14

Kamen- X025 10.3/0.2/0.2/0.2/0.3{0.4/05|0.6|0.6|0.6/0.5/0.4|0.6/0.5/0.5|/0.5|/05/05/0.4|/0.4(0.4/05/0.3{04
naya Step Xo.5 09(11/0.8/08(0.9|09(1.6|1.8|21|22(2.0|20(2.0|1.8{19|20({18(18|16(1.6{1.2(1.3{1.0(1.0
Xo75 |2.6(3.0(22]26|22|2.2|43|4.3|55|55|59|58|5.0/4.5/59(6.8/4.8|4.8|/4.2|/39(3.6(4.0/25|25

Kompolt X025 |0.4[03/05(05/05|05(0.7|0.7/0.8/0.9(1.2|1.0{0.9|0.7{1.0|1.1{0.7|0.7|0.8/0.7|0.6/0.5|0.4| 0.1
X055 16(20(18|22|18(18|21(21|25(26|36(3.7|3.0{28|35(34|23|25(24|2.7(23|22{1.7|17

Xo75 |44(45(55]6.2|145|49(55(58(6.7/6.1|95|9.8|7.4/7.1/9.1/9.2/16.2|69|6.4/6.6/5.9(6.0/5.1|4.9

The degree of coincidence of the experimental and
model distributions of daily precipitation and daily
mean air temperatures can be estimated from statistical
characteristics such as medians and lower and upper
guartiles. These numerical characteristics of distribu-
tionsgiveinsight into the position and scatter of theval-
ues being studied. For the stations of interest, Tables 4
and 5 show the medians and lower and upper quartiles
for each month obtained from the corresponding time
series of daily data. From these tables, it follows that
the distributions of the model and observed values of
the climatic parameters agree well with each other.
From Tables 3 and 5, it may be concluded that the dis-
tribution of daily mean air temperatures can in some
cases be described quite satisfactorily by anormal law,

IZVESTIYA, ATMOSPHERIC AND OCEANIC PHYSICS Vol. 40

e.g., daily mean air temperatures in August for the
Orenburg station, in May for Kamennaya Step, and in
September for Kompolt. At the same time, it is easy to
see that some of the distributions of this parameter are
asymmetric. For example, in the distributions of daily
mean air temperatures in November for the Orenburg
station, in January for Kompolt, and in March for
Bezenchuk, the means and the medians do not coincide,
which contradicts the properties of a symmetric distri-
bution.

Thus, the testing of the proposed method of simula-
tion of daily mean surface air temperatures and daily
precipitation, performed using the data of meteorologi-
cal observations of these climatic parameters, has dem-
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onstrated a good consistency between the empirical
data and model calculations.

CONCLUSIONS

The proposed weather generator is based on analy-
sis of the climatic parameters from the viewpoint of
modeling a sequence of dry and wet periods. The sto-
chastic generator of daily precipitation and daily mean
surface air temperatureisapriori not related to any cer-
tain preliminarily specified types of distributions or any
particular geographic location. This allows us to sug-
gest that the proposed method can be successfully used
to generate time series of the indicated climatic param-
eters from observational datain any geographic region.
The method has been tested on data from seven weather
stations located in different natural climatic zones.

Comparison of the experimental and model esti-
mates for the lengths of dry and wet periods and for the
probability of occurrence of dry periods with different
lengths has shown that the model adequately simulates
the dynamics of the lengths of dry and wet periods.

Anaysis of datistical characteristics, such as
means, standard deviations, medians, and lower and
upper quartiles, for distributions of daily precipitation
amounts and daily mean surface air temperatures shows
a good consistency of the model estimates and actual
values of the climatic parameters being studied. The
proposed method of simulating daily precipitation and
daily mean temperatures generates the series of these
climatic parametersthat are statistically adequate to the
original data.

Thus, the proposed method provides a fairly good
approximation of the climatic parameters to empirical
distributions. Theresults are indicative of thereliability
of this method and give grounds to suggest that the pro-
posed stochastic model can be successfully used in
prognostic ecoclimatic research to simulate time series
of the climatic parameters from avail able observational
data.
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