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Article presents a number of equations which were developed
basing on Gauss method for spatial interpolation of air temperature and
precipitation over wheat-sowing area of the Northern Kazakhstan. The
meteorological values are considered as input data for agrometeorologi-
cal models. The researches were implemented within the framework of
Kazakhstan- American partner project from the International Scientific
and Technology Center (ISTC).

For the modeling of agrometeorological conditions of growing and
yield formation of spring wheat in the Northern Kazakhstan the most important
are air temperature and precipitation. Since air temperature and precipitation
are measured on the limited number of observation stations they do not fully
reflect actual distribution of meteorological values throughout the territory.
Particularly it applies to precipitation fallen within short period of time. It hap-
pens because fields of air temperature and precipitation are not homogeneous
and isotropic. It was revealed that spatial distribution of these meteorological
values depends upon altitude, longitude and latitude. Besides that, precipitation
measured at the meteorological stations does not conform to the actual values.
The difference in measured and actual precipitation depends on the type, inten-
sity and wind speed. Unbiased data on air temperature and precipitation can be
obtained by modeling and further adjustment.

Air temperature modeling

As the result of studies based on the sifting method V.V. Golubtsov
and V.I. Lee [1] obtained the following equation for the modeling of air tem-
perature averaged for the day or longer periods:

0(p.1.2)=Ap* +B,p+C, A +D,;A+E,2* +Fz, (1)
where 6 (o, A, z) — air temperature, °C; ¢ — latitude, radian; A — longitude, radi-
an; z — altitude, km; A,, B, C,, D, E;, F;, — parameters.
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Gaussian method and using expansion of function & (¢, 4, z) about a point (¢,
Ao, Zo) into Taylor’s series [2] were applied to identify parameters in the equa-
tion]. The following equation comes out:
0p.2.2)= 00y Ao 20)+ 72000+ 7 (2= 10+ 7= 20 )+ 75— f 4 75— 20 f + 12 (2= 20 (2)
where 0(p,1,2) and 6(p,,4.2,) — daily temperatures in the points (¢, A, z)
and (g, Ao, Z0). Correspondingly: » = 2A, @ +B, 1 = 2C Ak + D,
m=2Ez0+F, s=A, %=Cs y»=E.
Annual course of % (i = 2...7) parameters can be approximated through
equation bellow:
¥ = 74 C0s[27(t — 7, )/ 365], ©)
where i — average value of » parameter; A, — half of the oscillation amplitude
of parameter x; t — current time from the beginning of the year, days; zi — time
from the beginning of the year corresponding to the maximum of y, days.
The value of 8(g,,4,2,) can be derived from data of meteorological

stations located in Northern Kazakhstan through the following equation:
3(%,}/0,20):%%{9(40. PSR XTSRS TRNCRUR PO VO MG FUR PR A 5 L )
where n — number of meteorological stations; H(qoi A ,zi) — change in daily air

temperature at station with coordinates (¢;,4,z;).

Equations (2)...(4) allow calculation of daily air temperatures for any area in
Northern Kazakhstan during the year. Basing on the results equations were deduced for
modeling of maximal and minimal air temperatures also. Table 1 presents parameters
of equation for modeling of air temperature for Northern Kazakhstan.

Table 1
Parameters of equation for modeling of air temperature for Northern Kazakhstan

‘ Yai ‘ A;fi ‘ Tai l ¥ max ai ‘ Aymax i ‘ Tmax i ‘ ¥ min ai ‘ Aymin i ‘ Tminii
» -2155 -27,14 155 -3579 -32,45 166 -13,47 -22,26 100
5 116,51 255,40 155 -2,78 -1,87 140 -0,75 1,76 180
m -42 -1450 150 -2,62 -6,84 166 -0,14 -4,70 166
»n -2,15 -2632 166 178,42 -2125 170 42517 -264,0 205
»w -1,037 -2,89 145 5,63 -5,66 166 2,50 152 190
v =2,15 3,04 145 -2,83 -6,69 170 -0,35 -11,75 166

Modeling of precipitation

The following equation was deduced for the modeling of precipitation
in Northern Kazakhstan for the day or longer periods. Equation have the fol-
lowing form:
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X(9.2.2)= X0y 0 201+ (9= 90 ) + K3 (= 20 )+ kg (2 20+ 50— )+ i (A= 20 (22 10 (B)
where x(p,4,2) and x(¢,,4,,2,) — precipitation in the points with coordinates
(p,2,2) and (p,,4,,2,), correspondingly; ko = (2 A, @ + By,) / x(¢, Ao, Z0),
ks = (2Ci40 + D2)  x(go, Ao, Z0), ka = (2 Ezizo + F2) [ x(g0, Ao, Z0), Ks = Ay [ x( g0,
ﬂ,o, Zo), ke = Cg/x((ao, ﬂ,o, Zo), k7 = Ez/x((oo, ﬂo, Zo).

The annual course of k; (i = 2...7) parameters as curves approximated through
the equation below:

k; = kg + A, cos[2z(t —z,;)/ 365], (6)
where ki — average value of k; parameter; A,i — half of the oscillation amplitude
of parameter ki; t — current time from the beginning of the year, days; =i — time
from the beginning of the year corresponding to the maximum of k;, days.

Table 2 presents values for ki, Ax, =i parameters. The value
x(gp0 Ao ,zo) in the equation (5) can be calculated basing on data of meteorolog-

ical stations in the area through the equation below:
v o)=L E0(0, 22l ~00) s~ =) sl = =2 2o 1y ()
where n — number of stations; x(¢;,4,,z;) — measured precipitation at the sta-

tion i with coordinates (¢;,4,z;).

Table 2
Parameters of equation for modeling of precipitation for Northern Kazakhstan
| ki | A
k2 2,25 7,89 180
ks -28,21 127,89 210
Ka 0,4 6,35 180
Ks 3,8 8,88 166
Ke 0,27 -1,12 166
kz 0,61 -0,88 180

Equations (5)...(7) allow modeling precipitation for the day or longer
period on the on the territory of Northern Kazakhstan starting from any time t. It
is advisable to use the equation below in order to eliminate differences between
measured and actual precipitation when modeling:

x:(h;,t)=x(hy )+ m, 7, (g 1 ®)

Xf(hj ,t): Xl(hj 't)"' m /[ Xl(hj ,t)] ", 9)

where X:(hj ,t), Xf(hj ,t) — actual solid and liquid precipitation, mm; xs(hj ,t),
Xy (h i ,t) —measured solid and liquid precipitation, mm; ms, my, ns, N — parameters.
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Parameters of equations (8) and (9) were calculated basing on the
method provided by A.P. Broslavsky and S.P. Chistyaeva [3] and long-term
data from meteorological stations. Table 3 provides parameters ms, ns, my, n; for
several meteorological stations in Northern Kazakhstan.

Table 3

Parameters of equation for correction of precipitation for several stations in
Northern Kazakhstan

Station | m, | n | ms | n
Akmola 0,82 0,86 1,52 0,44
Atbasar 0,78 0,82 1,27 0,52
Alekseevka 0,77 0,83 1,58 0,47
Balkashino 0,79 0,83 1,15 0,75
Esil 0,85 0,92 1,32 0,64
Zhaltyr 0,81 0,87 1,11 0,67
Kazgorodok 0,78 0,84 1,98 0,46

In order to distinguish precipitation by phase state (snow or rain) the meth-
od by G.E. Glazyrin [4] was used that suggests identification of critical values of air
temperature 6, and 6, by altitude. When average daily air temperature 8> & precip-
itations are considered to be liquid, when &< 6, —solid, and if & < €< & — precipi-
tation is mixed. The amount of liquid (xi) and solid (xs) precipitation can be estimat-
ed using the following equations, correspondingly:

X if 6>0,

x =1x(0-6,)6,-6,) if 6,<0<86,, (10
0 if 6<é,

Xg = X=X, (11)

where x — total amount of precipitation, mm.

As it is shown in Glazyrin’s studies [4], critical value of the temperature
6 changes slightly with the altitude. This change can be taken as equal to mi-
nus 1,25 °C. Dependence of parameter & upon the altitude derives from:

0, = O, + (O — Oin)/[Exp@ + b2) + 1], (12)
where 6nin = 4 °C — temperature, to which & approaches to if z < 0 km;
Gnax = 10 °C — temperature, to which & approaches to if z — « ; a = 4,61 and
b =-1,42 — empirical parameters.
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Figure 1 — Simulation of daily temperature of air ( <C) for July 11, 1998(1) and
for June 20, 1999 (2) on area of the Akmolinskaya oblast.
Practical using of the results
The derived equations were used for modeling of daily average, maximal
and minimal air temperatures, as well as daily precipitation in Northern Kazakh-
stan in various agrolandscapes. Data of meteorological stations for 1971...2000
ere attracted for calculation of parameters of the equations. Figures 1 and 2 show
the examples of maps with calculated air temperatures and precipitation in vari-
ous landscapes of Akmola oblast for different days in June July 1998 and 1999.
Analysis of these maps showed that equations satisfactory reflect the distribution
of air temperature and precipitation in Northern Kazakhstan.
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Figure 2 — Simulation of precipitations (mm) for June 19, 1999 (1) and for June
20, 1999(2) on area of the Akmolinskaya oblast.

Authors of the article used these data as input information for the modeling of soil mois-
ture dynamic [5], modeling of spring wheat yield and distribution of diseases of the
sowing in various agrolandscapes and for solving other agrometeorological tasks also.
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MOJEJIMPOBAHUE NTIPOCTPAHCTBEHHOI'O U3BMEHEHUS
METEOPOJIOI'NMYECKHUX BEJNYUH JJIs1 PEHIEHUS
ATI'POMETEOPOJIOTHYECKHUX 3AJAY

Kann. reorp. Hayk B.B. I'ory610B

Kann. Texs. Hayk B.M. JIn
Kanz. reorp. Hayk JL.B. Jlebenn
JoxTop Hayk P.C. JlopancBamu

B cmamve npedcmagnenvt mamemamuyeckue ypasHerus, paspaoo-
manHvle Ha 6ase memoda Iaycca Ons1 NPOCMPAHCIMBEHHOU UHMEPNONAYUU
memnepamypuvl 8030yxa u ammocpephvix ocaoxkos na meppumopuu Cesep-
Hoeo Kazaxcmana. Omu ocrHogHble Memeoponocudeckue Geiututbl sI6IsIIoN-
€51 6XOOHBIMU OAHHBIMU 8 A2POMEMEOPONIOSUYECKUX MOOETSIX YPOIHCAUHOCU
3epHOBLIX Kyibmyp. Hccnedosanus GbiNOIHEHbl 8 PAMKAX KA3AXCHAHCKO-
AMEPUKAHCKO20 ~NAPMHEPCKO20 npoekma  Medcoynapoonozo  HayuHo-
mexuuueckozo yeumpa (MHTL]).

ATPOMETEOPOJIOTUAJIBIS M...CEJIEJIEP| LHEIY |IIIH
METEOPOJIOTI'USJIBIS LIAMAJIAPABIH KEHICTIKTE {3rEPYIH

MOJIEJIBJIEY
I'eorp. JeumbpiM. KaH]I. B.B. I'ony6110B
TexH. JouibIMa. KaHI. B.M. JIn
I'eorp. JeubIMI. KaH. JI.B. JleGenn
CpLIBIM JTOKTOPBI P.C. Hopaucamu

Majanaoa ConmlIcmik Sazajcman meppumopusicol 60tiviHwa aya
MeMnepamypacsin dic,, He ammocepanblj HeaybiH-wabinobl keYicmix-
me unmepnonayusanay Twin, Iayce ,,0iciniy nezisinoe jaiima scacarJan
Mamemamuxanwyj meYoeynep xenmipineen. brn nezizel memeoponoeusiij
wamanap 0,,noi oajuindapouly acmeyj FHimoiticiniyY aspomemeoponozu-
Anvlj modenvoepinde Heeizel m,,aimemmep 60bin mabwviiadvl. 3epmme-
yrep  Xanwijapaneyj — Joueimu-mexnuxanvj — opmansyjmely  (X2ATO)
Jazajcman-amepuxansij scobacwinnty K freminde opvinoanan.
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