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Abstract

The reaction of arid regions on global warming and anticipated process of desertification in
Eastern Georgia is investigated. The statistical qualities of the Alazani river are presented for the
vegetation period (April - September) along with runoff norms for hydrological section serving
main irrigation systems. By using their dynamics through years the trands and tendencies of the
changes have been identified. The figures are of scientific value and can by used indesigning and
economic organizations for calculating water resources.

By applying multifactorial model forecasting equations have been worked out for the Alazani
water flow for the whole vegetation period as well as for individual quarters. The long-term
prognosis allow rational and through planning of water resources utilization. Due to the warming
trend, water evaporation will increase and the river flow will decrease, which will ultimately lead to
the lack of water supply in irrigation period in summer. For the aim of mitigation of negative
consequences of drought, a set of measures is recommended.

Keywords: desertification, irrigation channels, water deficit, multifactorial model of
forecasting.

Introduction

The Earth as a whole or its individual regions climate change is a problem of modernity — one
of the most important problem and deserves proper attention. Global warming in light of the fact
certain regions of the Earth is experiencing a warming climate, but freezing.

In the last decades frequent and prolonged droughts against the background of hight
temperature and negative anthropogenic processes resulted in a series of aggravated ecological,
social and economic problems. On the background of this warming the intensity and frequency of
drought will raise in the regions of Eastern Georgia.

In recent years, natural disasters have become especially drastic in east Georgia with wide
valleys and fertile soils for agricultural crop production. In the vegetation period (IV-IX), number
of droughty months is 2-5 months. Kakheti region is specific in this regard and most vulnerable in
terms of drought. Due to lack of atmospheric precipitations, high summer temperatures and high
speed winds, droughts frequently occur here. This contributes to land erosion and desertification
process; and that water-demand phases of plants don’t coincide with the precipitation intervals,
also creates a problem. As a result, 200 thousand hectares of the territory is severely damaged
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already. In these conditions, if relevant measures are not timely provided, slowing down of the
desertification process in future will be more complicated and expensive.

Materials and Methods

Kakheti vast fertile valleys are irrigated from river Alazani water with the biggest irrigation
system constructed on it (in Georgia) and composed of two — upper and lower Alazani magistral
channels. The upper magistral canal takes start from the upper part of the river, near hydrological
post in village Birkiani, where natural river runoff used to be measured earlier. 76 thousand
hectares of land are attached to it for irrigation. The lower magistral canal begins at presently
operating post near village Shaqriani and it irrigates 262 thousand hectares of arable [1]. There bas
been ascertained the vegetation period of river according to individual months, quarters, maximum
and minimal water discharge, extremes, alteration and other statistical qualities — Table 1.

In order to evaluate the impact of climate warming and man-made factors, dynamics of
multi-year fluctuation of maximal and minimal runoff, also different intervals of annual and
vegetation period of river Alazani water have been studied. Relevant trends have been developed
and equations made reflecting their rectilinear approximation, parameters of which are provided in
table 2.

Table 1: Features of under discharges (Qma3/s) of the Alazani river

Months
IV-IX| IV | V | VI [ VII | VIII | IX | IV-VI] VII-IX
r. Alazani _ Birkiani F = 282 km2, H = 2200 m, Q, = 13.9m3/s

Estimated Period

Average 204 | 16.7 | 26.8 | 27.7 | 22.3 | 154 | 12.7 | 23.7 16.8
Part, % Qo 73.0 | 10.1 | 16.4 | 16.4 | 13.6 | 9.0 | 7.58 | 43.1 | 30.2
Greatest 32.0 | 27.6 | 42.7 | 57.2 | 51.1 | 31.0 | 26.2 | 39.4 27.1
Least 13.4 | 8.16 | 17.8 | 13.5 | 12.4 | 798 | 5.98 | 15.7 | 9.48
Amplitude 18.6 | 19.4 | 24.9 | 43.7 | 38.7 | 23.0 | 20.2 | 23.7 | 17.6
Average bend 4.50 | 4.1 | 6.37 | 8.51 |9.08 | 545 |4.82| 5.35 | 4.97
Variation Cv 0.22 | 0.24 | 0.23 | 0.31 | 0.40 | 0.36 | 0.38 | 0.22 | 0.30

Asimmetry Cs 0.94 | 0.42|0.50 | 1.24 | 1.34 | 1.05 | 0.71 | 0.86 | 0.57
r. Alazani _ Shaqgriani F = 2190 km2, H = 1260 m, Q, = 45.7m3/s

Average 62.0 | 70.3 | 94.0 | 80.2 | 52.4 | 37.0 | 37.6 | 81.5 42.3
Part, % Qo 69.4 | 129|173 | 151 | 9.9 | 6.9 | 7.0 | 45.4 | 24.0
Greatest 128 | 120 | 246 | 223 | 112 | 109 | 117 | 176 91.3
Least 36.5 | 25.0 | 324 | 31.3 | 15.8 | 5.72 | 9.25 | 40.4 14.4
Amplitude 91.5 [ 95.0 | 214 | 192 | 96.2 | 103 | 108 | 136 76.9
Average bend 18.5 | 23.1 | 37.9 | 31.1 | 24.1 | 20.2 | 21.3 | 26.3 16.3
Variation Cv 0.30 | 0.33 | 0.41 | 0.38 | 0.46 | 0.54 | 0.57 | 0.32 | 0.38
Asimmetry Cs 1.54 | 0.29| 1.74 | 1.86 | 0.77 | 1.25 | 1.44 | 1.46 | 0.60

Their analysis show that tendencies of the change in river Alazani water runoff vary at
different periods. This can be explained by diversity of watery tributaries (flowing into the river
before these cross-sections) and their regimes, conditioned by natural conditions in these basins.
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Table 2: Parameters (a and b) of trends’ equations (Tq = aN + b)
of river Alazani water discharge periods

vil. Birkiani vil. Shaqriani
Periods of the Months 1950 — 1996 1933 — 2010
water discharges

a b a b
Annual 1-X1I —0.002 13.98 0.050 43.79
Maximum max —1.079 98.42 —1.184 347.8
Minimum min 0.019 3.731 -0.126 20.44
Vegetation IV-1X —0.008 | 20.642 0.031 60.80
April I\Y 0.004 16.64 0.337 57.29
May \% —0.058 28.23 0.060 90.44
June VI —0.009 27.90 —0.015 80.79
July VII —0.041 23.30 —0.014 53.00
August VIII 0.094 13.13 —0.005 37.20
September IX 0.005 12.60 —0.036 39.01

Trend equation of descending (drop) tendency of natural runoff (Q m3/wm) of river Alazani
vegetation period is presented as follows:
Tq =-0,0084 N + 20,642, (1)
Maximal and summer months’ water discharges (table 3) drop here with higher intensity
(a > 1). Multi-year dynamics of water discharges in July (Qvir, m3/s) of river Alazani with relevant
trends is given on figure 1.
Qvir, m3/s A

60

ogemobiol mgol badygdo y=-0.0415x + 23.303

30 /\ R =0.0045
. A
' WW\]W

10

(0 I o o o o o o o e e S o e e e e B I e e B e B e e e e e e e e i e e e e e o o |

1 3 5 7 9 11131517 1921 23 25 27 29 31 33 35 37 3941 434547
Qvir, m3/s B
140
. y=-0.0143x+53.005
b botocgd Y

e ogmmobol mgol bodygdo R = 00002

100

o] YR |
|
[

40

. yv v IVVVV,

[ o o o o o o B R R R RN R R R R EEEEE R
1 4 7 1013161922252831343740434649525558616467 707376
Figure 1. Dynamics of water discharges (Qvir, m3/s) in July on r. Alazani
(A — Birkiani, B — Shaqriani)
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Discussion

Irrigation is considered the most effective measure taken against drought in Georgia from the
beginning of the II millenium A.D. About 50 thousand ha. of fruitful lands were irrigate with canals
in the Eastern Georgia. This area badly needs irrigation nowadays to.

Existing irrigation systems on river Alazani are operating on drift, surface irrigation,
accompanied by huge losses. Over the past years, they have been actually non-operating and out of
order. Though, presently, these systems are being restored and in general, revival Kakheti
agriculture is planned in the near future. This will require regular irrigation of agricultural arable
and precise definition of river Alazani water-supply regime.

In order to assess river Alazani water supply for irrigation, as a criteria, Table 2 gives
comparison of the water volume required for the target area irrigation and the river runoff in the
vegetation period for different supply gradations. It turns out that water deficit is 116 mln/ms3
during the irrigation water and 50 % supply of precipitations. Big part — 80 mIn ms3 is observed in
August; in the conditions of 75 % water supply, 87 % of 396 mIln m3 water deficit - 346 mln m3 fall
at active irrigation period of plants — in June, July and August; in case of 95 % water supply, water
deficit is the biggest — 729 mln m3, 91% of which - 662 mln ms3 is observed from May till August [2].

Table 3: River Alazani irrigation potential (mln ms3 water) for 50, 75 and 95 % supply
with irrigation water and precipitations

Water Annual Total water Actual water Water Remained
supply % runoff demand consumption deficit runoff
50 1804 731,5 615,8 115,7 1188,2
75 1535 1189,3 793,7 395,6 740,3
95 1209 1434,8 705,3 729,4 503,8

Along with such water deficit in the vegetation period, river Alazani runoff in fall-winter and
spring flooding periods is left unused, as water consumption is minimal in this period.
This remained water volume (table 3, last column) is big enough and its accumulation in specific
water reservoirs makes it possible to avoid deficit of irrigation water in the vegetation period.

In order to economically and rationally manage utilization of the existing water resources of
river Alazani in the vegetation period, their forecast is required for different time intervals.

River runoff is a complex dynamic process conditioned by multiple factors. But, for
forecasting purpose can be used only those that are subject to standard observations and provide
operative information. Accuracy of hydrological forecasts depends on the number of existing
observation points on hydrometeorological elements, their location, observation rows and quality.
In this regard, information on the runoff forming factors is quite limited in Georgia. That’s why, it
is impossible to reveal those conformities that enable development of modern mathematical
forecasting models. Majority of the elements cannot be measured in our conditions.

In our case, existing information on atmospheric precipitations (R mm), air temperature
(6, °C) and water-consistency of snow (W mm) have been used for forecasting of river water runoff
(Q m3/sec) in river Alazani basin and an enlarged forecast model has been developed, in which
separate previous period factors are broken down into different period indicators, thus, impact of
their dynamics is envisaged for future runoff. For example, precipitations at fall, winter and spring
have diverse impact on the vegetation period runoff. So, it is not expedient to imagine their total
sum in this forecast model [3, 4].

Based on the available data and correlation analysis, we revealed the most effectively
operating previous period factors and developed a multi-factor forecast model by using them. But,
many variables in the forecast model reduce sustainability of the equation, that’s why, by specific
mathematical criteria and multi-pitched screening method, we corrected the model based on the
principle: maximal accuracy with minimal factors [5]. Thus, we developed optimal forecast models
by taking into account up to 3-4 factors.

71




European Geographical Studies, 2015, Vol.(6), Is. 2

In the process of determination of numerical quality of forecast dependencies, two equation
systems are discussed by gradual adding of separate factors, when direct and reversed break down
of multi-factor equation is done [6]. This way, possibility of reduction of factors, boosting accuracy
and prolonging the forecast period (timeliness) is sinchronously explored. As a result, we receive
various forecast equations with different information, accuracy and timeliness. While development
of operative forecasts, this enables us to select a forecast model based on the existing information,
needed timeliness and accuracy. Besides that, interval of possible fluctuation of water runoff is
determined, while inter-control of the received results - done [2, 3].

In order to plan the rational use of existing water resources for the irrigated agriculture,
water discharge forecasts of the whole vegetation period (IV-IX) as well as of its separate quarters
(IV-VI and VII-IX) is required (table 4).

Table 4: Forecast equations of river Alazani water average discharge (Q, m3/sec)
of the vegetation period (April-September) and its separate quarter;
their assessment criteria

Assessment criteria
s/c|P%| r |9%

Forecast Equations

r. Alazani _ Birkiani F = 282 kmz2, H = 2200 m, Q, = 20.4 m3/s

Qv-ix = 0.04 Ry + 0.60 Qu — 0.75 Oy +10,52 0.72 | 61 | 0.72 | 61
Qmv-vi = 0.03 R; + 1.1 Qi + 0.10 Ryy +11,1 0.65| 73 | 76 | 68
Qvi-ix = 0.21 Qyr — 1.05 Ov1 + 25.3 0.79 | 60 | 0.63 | 65

r. Alazani _ Shaqgriani F = 2190 km2, H = 1260 m, Q, = 62.0 m3/s

Qwix =0.48 Qu + 0.27 Ry — 0.53 Qui + 0,09 Riv + 44.5 | 0.84 | 68 | 0.63 | 67

Qv-vi = 0.34 Rir — 3.36 Om + 0.12 Wi —-58,4 0.73 71 | 0.74 | 63

Quirix = 0.13 Qv+ 0.120y1 — 0.34 Qi + 0.19 Ryn + 22.4 | 0.73 | 75 | 0.71 | 69

Comment: s /o — correlation between the forecasts’ error and average square deviation of
the runoff; P % — forecast prediction reliability; r — correlation between the actual and forecast
meanings; 9 % — economic effectiveness of forecasts. Forecasts are permissible, when: (s / ¢) <
0.80; P> 60; r> 0.60.

Forecasts of II quarter (IV - VI) are exceptional by their accuracy, which is very important as
this is the quarter when biggest spring floods occur in this river and often create danger to the
environment and the population. That’s why, these forecasts have two-fold designation. The
economic effect received using the developed forecasts exceeds by 10-35% the effect received using
the forecast discharge norm. Now, we may say that their application in practice with the purpose to
serve irrigation systems and channels, gives possibility to rationally use and appropriately plan the
existing water resources of river Alazani — this will increase productiveness of agricultural crop.

Conclusion

Based on the forecast calculations, by the end of the 21t century, due to significant
temperature growth (up to 5 °C) as well as increased evaporation from the surface of river Alazani
basin, river runoff will decrease by 8,5% compared to the second half of the 20t century [7].
Similar conditions are favorable to frequent drought processes in Kakheti region and the
desertification process. For mitigation of negative results of the expected droughts, it is required to
use river Alazani runoff in an optimal regime without losses. This requires specific measures:
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« Rehabilitation and expansion of water systems, cleaning, restoration and reconstruction of
irrigation channels;

« Putting the pumping stations in operation for additional supply of channels with water;

« Development and introduction of optimal water distribution/utilization time-tables for
water consumers [8];

« Accumulation of unused water (of fall-winter and spring floods) in small reservoirs for
further utilization during the irrigation water deficit in summer;

« Creation of a drip irrigation network; this will increase yield and use less water compared
to surface irrigation [9];

« Introduction of a pivot irrigation with those equipment that can be used in huge
inclinations and complex relief [10];

 Restoration of windbreak lines in agricultural fields and introduction of drought-resistant
varieties;

« Planting of trees on slopes of river ravines;

» Introduction of an active impact on clouds, during which, atmospheric precipitations
increase and plants get protected from hail [11];

 Raising awareness of population and farmers to moderately and economically use water
resources;

« Annual longterm forecast of river Alazani water discharge for separate intervals of
vegetation period (quarters, months and decades). As a result of the planned water consumption
regime (and taking into account the water prognosis), the right time for river water irrigation will
be determined, as well as timeline for putting the pumping stations in operation, using pivot
irrigation systems or increasing precipitations by impact on the clouds.

Implementation of the mentioned measures will slow down and suspend desertification
process, fight against drought, increase crop productivity and improve economic condition of the
population.
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AnHoTamu#. VccemeoBaHa peakiiys KJIMMaTa 3acylUIUBBIX palioHOB BocTounoi I'py3uu Ha
I00aJIbHOE TOTeIUIeHue. JlaHbl CTaTUCTUUECKHE XapAaKTEPUCTUKY CTOKA BOJABI PeKU AJla3aHU 3a
rmepuoy, Bereranuu (ampesb-ceHTSIOpPh). Ha oOCHOBe MHOTOJIETHEH JUHAMUKHA YCTAHOBJIEHBI
TEHJIEHIITUH WX WU3MEHEHHUS W OIPeJIeJIEHbl COOTBETCTBYIOIHE TPEH/bl. OTH [JaHHBIE HUMEIOT
MIPAaKTUYECKOe Ha3HAUEHHUE JIJI1 BOJOX03SHCTBEHHBIX PACUETOB.

C ucnosib30BaHNEM MHOTO(AKTOPHOU CTATUCTUYECKOU MOJIeJIN MOJIydeHbl YPaBHEHUS I
IIPOTHO3UPOBAHUA CTOKA p. AJla3aHu 3a MEePHOJi BereTalluyd U OTAEeJIbHBIX KBapTajioB. Takumu
JIOJITOCPOYHBIMHU  IIPOTHO3aMHU BO3MOXKHO OCHOBATeJIbHOE IUJIAHUPOBAaHUE PAIOHAIBHOTO
HCII0JIb30BAHUS BOJHBIX PECYPCOB PEKH.

B pesysibTaTe Tekyiiero mnoTelsieHUsA KIMMaTa YBEJIWUYUTCA HCHapeHMe, YMEHBIIUTCA CTOK
BOZIBI, U PEKA y>Ke He CMOXKeT 00eCHeunTh BOJONOTPEOHOCTh OPOCHUTENIHBIX CHUCTEM B IEPHO/
AKTUBHOTO OpOIIEHUs pAcTeHUU. B 1esnsax cMArdyeHusl HeTaTHBHBIX Pe3yJIbTAaTOB OT OXKHU/IAEMBIX
3aCyX peKOMeH/I0OBaHbI KOMILIEKC Pa3HBIX MEPOIIPUATHH.

KiioueBble cJIOBa: OIYyCTHIHUBAaHWE, OPOCHUTEJIbHbIE KaHAIBL, JeDUIUT  BOJIHI,
MHOTO(AKTOPHAs MO/IEJIb TPOTHO3UPOBAHUS.
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