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ABSTRACT 
 

According to the forecasts of The Voyeykov Geophysical Observatory, the additional 
increase in temperature by 0.6°C should be expected in the South of Russia by the 
end of the XXI century (http://rosnauka.ru/publication/844). In the case of the 
aggressive anthropogenic scenario the average-temperature will rise by 5-8°C in all 
parts of our country (Ivanov, A. L., 2003). Climate change directly affects agriculture 
and it is one of the serious constrains to the prosperity of the country. Temperature 
growth will lead to the increased areas of agricultural land. The increasing frequency 
of extreme weather events, changing rainfall and temperature leads to lower yields 
and decreases agricultural sector in GDP. 

 
To ensure the adaptation of agriculture and reclamation under changing climate, 
irrigation plays a significant role. Irrigation was developed in the South of the 
European part of Russia with the aim of providing the population with rice, 
vegetables, cereals and fodder crops. However, since the early 90-s the reduction of 
irrigated area was caused by the processes of the national economy restructuring. 
According to the land reclamation cadaster of the Ministry of Agriculture, the area of 
irrigated land has decreased by 32%. This was caused by the deterioration of the 
irrigation systems and land reform.  

 
In productive years more than 20% of all agricultural commodities of Russia are 
produced in the Southern Federal district (SFD), a major part of the irrigated lands 
being located there too.  Water consumption in agriculture is stable and ranges from 
30 to 55% of total water consumption in the country over the last 15 years, which 
should be considered when evaluating water availability and water pollution caused 
by drainage flow and runoff from irrigated agricultural lands. Therefore it is important 
to estimate the impact of the global warming and especially the adaptation of 
agriculture and irrigation under changing climatic conditions in this region. This 
requires valid prediction of changes in water availability of the territory on the basis of 
existing models of soil – climatic zoning and the possibility of crop productivity control 
for major crops. 

 
Keywords: global climate change scenarios, humid, arid, precipitation evaporation 
ratio, productivity, irrigation, drainage. 

 

1. INTRODUCTION 
 
Agricultural production obtained in the irrigated land which occupies 17% of the 
arable land provides with food almost half of the world population. In the late 80s 15-
17% of the gross output of crop production was obtained within the reclaimed land, 
which comprised 7, 9% of the arable land In the Russian Federation. Most of the 
agricultural land of the Russian Federation is located in the area of risky agriculture - 
about 80% of arable lands are located in the zone of insufficient moisture, and more 
than 10% are in the zone of excessive moisture.  In dry years it is almost impossible 
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to realize the potential of high-yielding crop varieties, intensive agricultural 
technologies and adaptive-landscape systems of agriculture without carrying out 
hydrotechnical reclamation.  The situation is dramatized by the frequent natural 
disasters in the form of droughts and extreme temperatures that have been observed 
in the recent years. Global warming is the most obvious in the territories between 40-
70 degrees of the northern latitude (Ivanov, 2003; Kiselev, 2011). According to some 
climatic models global warming by 1.4 to 5.8°C is expected by 2100 (IPCC, 2007). 
Global processes are accompanied by the changes in precipitation, which may cause 
deteriorated moisture mode in the soil and more frequent droughts in Russia (Ivanov 
2003).  
 
According to the observation data of the Russian meteorological stations, average 
annual air temperature has increased by 1° C in the last 100 years and by 0.4° C in 
the last decade of the 20th century (it is significantly higher than the world average). 
According to the forecasts if the growth of the temperature remains the same the 
climate of Russia will become warmer by nearly 2 degrees by the middle of this 
century. There is an increase in the number of days with abnormally high rainfall (> 
10 mm) in winter, and on the contrary their reduction in summer in most parts of the 
North Caucasus and southern Federal districts in Russia.  The number of days 
without precipitation in winter is increasing in most parts of the country (Natural 
Resources of Russia, 2014).  
 
While, the growth of the average annual temperature is common to all regions of 
Russia, climate change is uneven for different regions and seasons due to the large 
territory and the diversity of the natural conditions. Average mean annual air 
temperatures in Russia are shown in the figure 1.  
 

 
 

Figure 1. Averaged anomalies of mean annual air temperature in Russia 
(http://rnns.ru/176117-anomalnoe-leto-2010 beda-tolko-nachinaetsya.html) 

 
The change in the average annual surface air temperature in Russia is shown on the 
chart. The thin line shows the results of observations, the thick line - a gradual course 
of the air temperature. There are considerable inter-annual fluctuations in average 
temperature against the background of a steady rise in temperature over the past 35 
years.  
 
Forecast of the climate changes in Russia [A1FI scenario (HadCM3 model], proposes 
fast increase of CO2 in the atmosphere. The duration of the vegetation will be 

http://rnns.ru/176117-anomalnoe-leto-2010
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prolonged by 26 days; some climatic parameters will be increased: precipitation - by 
26 mm, evaporation - by 40 mm, evapotranspiration - by 141 mm. Regional climate 
scenario on the Main Geophysical Observatory in St. Petersburg describes the 
possible climate changes according to the humid scenario (model MRK GGO).  The 
difference in the air temperature increase in January is 0.40 oC for the compared 
scenarios, whereas the increase in the July temperatures is 5.1 - for the arid scenario 
and it is 1.30oC - in the case of the humid scenario.   
     
Climate change has a direct effect on the agriculture. The increasing frequency of the 
extreme weather events leads to the lower yields and the weaken role of agricultural 
sector in GDP. In 2010 during the unprecedented drought a decrease in production 
led to the slowdown in the development of the rural economy in Russia. A total 895 
areas in 43 regions in Russia suffered. Crops were damaged over more than 13, 3 
million hectares (Mha), which are 29 % of the area of crops in these regions. 
Production of grain fell by 35 %; the country lost almost 15 M tons of grain, fodder - 
36 M tons of feed units (hereinafter - t. f. u.), 1.9 M tons of vegetables. At the same 
time, fodder crops productivity under irrigation has decreased by 12 % only. 
 
Irrigation and drainage projects play an important role in providing planned crop yield.  
Nowadays reclamation and water economy of Russia is presented as: 9.1 Mha of 
reclaimed land, including 4.3 Mha of the irrigated and 4.8 Mha of drained land.  
Reclaimed land occupies only 5% of the total arable land; they produced 70% of 
vegetables, more than 20% of coarse and succulent fodder, all rice, a significant 
amount of other plant products. The distribution of the reclaimed lands in the 
administrative districts of the Russian Federation is shown in the Figure 2. 
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Figure 2.  The distribution of the  reclaimed land in the territory of the Russian Federation [5]  
(ДФО - Far Eastern Federal district; СФО - Siberian Federal district ;  УФО - Ural 
Federal district ; ЮФО - Southern  Federal district; ВФО – Volga Federal district; 
СЗФО - North-Western Federal district; СКФО – North Caucasus Federal district; 
ЦФО - Central Federal district) 

 
The objective of the study is to estimate the probable climate changes, their impact 
on crop productivity, agricultural sector adaptation to the climate changes and the role 
of reclamation in the ensuring of food security in the changing climatic conditions. 
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Figure 3. Yield of grain crops in Russia in comparison with other countries of the world 

[Deptt. of Amelioration, 2013, Russian Academy of Agric. Sciences, 2014.] 

 
Figure 3 shows that the yield of grain crops in Russia is lower than in many countries 
in 1.5-2 times in average. Climatic changes may deteriorate the existing status. 
 

2. METHODS 
 

2.1. Mathematical models and approaches on the accounting of the climatic 
factors when estimating requirements in land reclamation development 

 
The technology has been proposed to estimate possible climate changes and the 
probability of the requirements in the development of land reclamation.  Figure 4 
shows the block diagram of the used models, which allows carrying out the above 
estimations. 
 
2.2  Calculation of the productivity of agricultural crops depending on the soil 

moisture to according the phases of plants development 
 

At the first stage the change in the productivity of agricultural crops depending on the 
soil moisture according to the phases of plant development on the model of 
Shabanov V. V. is calculated. [11]  





n

i

WiW i
kUU

1

max  ,   (1) 

 
where: UW – crop productivity at the given soil moisture; Umax – maximum possible 

crop productivity at the optimum moisture content in the root zone;   - contribution of 

the ten-day period   into crop productivity (depends on the stage of crop growth); n – 

the number of the ten-day periods in the vegetation period;   - coefficient, determining 

productivity reduction due to soil moisture deviation from the optimum value in the 

given ten-day period  i: 
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Wi – mean soil moisture in the root-inhabited zone for the given ten-day period ; Wopti
 

- optimum moisture content in the root zone; m – soil moisture which is appropriate to 

the total moisture capacity; WZ - wilting point;  - coefficient , taking into account crop 
reaction to the soil moisture deviation from the optimum. 
 
The requirement in the different types of land reclamation is defined using the bio-
climatic technique based on the comparison the need of agricultural plants for soil 
moisture over the phases of development of plants in the estimated years for the 
different scenarios of climate change. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 4.  Block diagram of the applied models on accounting climatic parameters to 
estimate the necessity of the land reclamation development 

     
2.3.  Techniques on the estimation if the precipitation-evaporation ratio  
 
The second step is estimation of the moisture ratio (Kу), which is one of the main 
criteria affecting the productivity of agricultural land. The areas of land reclamation 
under climate change are defined using this ratio.  Precipitation-evaporation ratio is 
the ratio between the amounts of precipitation falling in a given area which is divided 
by evaporation or air temperature, which determines evaporation.[8] 
 
 Ку=О/ Е То,        (3) 
 
where  О – sum of the precipitation for the period of crops vegetation mm; То – sum 
of the average daily temperatures (above 0о С); Е - empirically determined coefficient 

Unit 1. Scenarios of the climatic-changes 
Models of climate change 

Unit 4.  Model of agricultural plants requirements 
to environment on the soil moisture and the 
temperature according to the phases of plant 
development (Shabanov V. V.) 

Unit 3. Model on the changes of 
the environmental parameters 
Model on the agro-climatic zoning 
and prediction (Panko V. A.) 
The calculations of the 
precipitation-evaporation ratio on 
the base of the water balance in 
the area (Excel) 

Unit 6. Estimation of the water availability for 
development of irrigation on the basis of the water- 
economic balances as a part of the schemes on 
integrated water resources management. 

Unit 2. The initial data for the 
estimation of the agro climatic 
resources under climate 
change for the various natural 
zones of Russia 

Unit 5. Model on the water mode in the soil and 
plant productivity (Golovanov A. I.) 
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0,177 using to convert heat energy into evaporativity (degrees of temperature  into 
mm of evaporativity).  
 
Precipitation-evaporation ratio is calculated in relation to the climatic optimum which 
corresponds to the maximum productivity of the grass-forb crops in chernozem soils, 
or to the relative optimum in agriculture (Kу земл opt), corresponding to the maximum 
productivity of agrocoenosis. 
 
Productivity of the zonal soils and crop yields, expressed in the grain equivalent (t. 
g.u/ha) are calculated at the nest step by the formula (Ponko, 2012): 
 

 

   (4) 

 
where  Kt– heat provision factor weighted with the factor of the photosynthetic active 
radiation  Kfar; Kh – humidity factor relatively to the natural optimum, which 
corresponds to the maximum natural soil productivity at Kh =1,0; constants e = 
2,718…,  = 3,14…; coefficient of development ko which equals  1,0507 or (1,0166)3. 
(Ponko, 2012). 
 
The change in the precipitation-evaporation ratio according to the scenarios of the 
climate change for the southern part of Russia calculated by different techniques as 
well as production potentials of crops are given in table 1.  
 
Table 1. The estimated and forecast values of the precipitation-evaporation ratio for 

the South of Russia 
 

Estimation techniques Without 

climate 
change 

Humid 

scenario of 
the changed 

climate 

Climate 

change 
scenario 

Technique 1 ( PonkoV.A., 2012) 

Ку 0,6-0,8 0,73-0,97 0,52-0,7 

V, t.g.u. /ha 3,6 3,63 2,03 

Technique 2 ( Ivanov A.L., 2003) 

Ку 0,6 0,62 0,42 

V, t.g.u. /ha 3,2 3,6 1,99 

The required value of the precipitation-
evaporation ratio 

1,4-1,5 

The required production potential, t.g.u. /ha 6,2 

Actual mean productivity of cereals 2006 по 2014 2,15 

Note: V –production potential, Kу – precipitation-evaporation ratio, t.g.u. /ha (tons of grain units per hectare). 

 
As can be seen from the table 4, forecast values of precipitation-evaporation ratio and 
the productivity of cereals, which were calculated by the model of Ponko V. A, and by 
the formula of Ivanov A. L., are decreased in the arid scenarios of climate change. In 
arid scenarios of climate change the precipitation-evaporation ratio is reduced by 12-
36%, while the productivity of grain is reduced up to 37% compared to the current 
level. 
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3. RESULTS 
 
3.1 Productivity of crops and probability of the necessity of the land 

reclamation development  
 
Calculations of productivity of agricultural crops were carried out for two scenarios of 
climate change according to the phases of plant development. To estimate the 
necessity for land reclamation the corresponding values of soil moisture were shown 
on the integral curves of the normal distribution of soil moisture, both actual and 
projected for the arid and the humid scenarios of climate change. The calculations 
were fulfilled for the Southern part of Russia. 
 
3.1.1 Arid scenario 
 
The results obtained on the estimation of the probability of reclamation development 
in the case of arid climate change scenario are shown in table 2. 
 
Table  2. The probability of the optimal conditions and the need for reclamation for 

the   current conditions (P1) and the arid scenario  (P2) according to the 
phases of plant growth and in average for the vegetation period 

 

Phases of the plant growth 1 2 3 In 
average   

Optimal Р1
opt 22 57 32 37 

Р2
opt 11 47 39 32 

Irrigation Р1 78 28 0 35 

Р2 89 46 8 48 

Drainage Р1 0 15 68 28 

Р2 0 7 53 20 

 
When estimating the probability of the optimal conditions and the reclamation the 
probability of the  optimal conditions is reduced (up to 11 %), the probability of  
irrigation development  is increased (up to 18 %), however,  the probability of 
drainage is reduced (up to 15 %). This may change the water-economic balance, 
because the frequency of irrigation, and therefore volumes of the water withdrawals 
will be increased. 
 

 
 
Figure 5. The Integral curve of probability change of the reclamation requirement in the 

cultivation of grain crops in the humid scenarios of climate change 
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3.1.2 Humid scenario 
 
To estimate humid scenario of the climate change actual data which correspond to 
the expected Kу in the Central part (Station Kaluga) 0.87 were taken. Appropriate 
statistical analysis of the meteorological parameters (precipitation, air temperature, air 
humidity deficit) and evaporation for 47-year period (1966-2012.) were done. 
(Poddubskii, 2015) 
 
At minimum optimal level of productive moisture in the soil probability of irrigation is 
16%, while the maximum values in the optimal range of greater than 89 mm drainage 
probability is 23%. Irrigation probability for spring wheat is up to 16...22%. In average 
at the cultivation of spring wheat the probability of irrigation is 19...22%, and drainage 
is 6-10% according to the humid scenario of the climatic changes. 
 
3.2  Substantiation of the required levels of moisture for different zonal-

provincial soils of the Southern part of the Russian Federation 
 
Having calculated the probability of the irrigation development in the arid scenarios of 
the climate change and the decrease in grain crops productivity depending on the 
precipitation-evaporation ratio the required soil moisture for the different zonal-
provincial soils in the Southern part of the Russian Federation was estimated (Fig.6).  
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Figure. 5. The required values of precipitation-evaporation ratio in the zonal soils of the 

Southern part of the Russian Federation (note: Кh nature. – humid scenario , Kh 
req - required values 

 
In the case of climate change in the Southern part of Russia according to the arid 
scenario, it will be necessary to increase the area of irrigated land up to 213940 
hectares, which is by 18% more than the existing area – 180924 hectares. 
 

4. RESULTS AND DISCUSSION 
 

To ensure food security of Russia in conditions of climate change under different 
scenarios the development of land reclamation is required. The Federal Program of 
reclamation development in agriculture is to settle the issues by integrated land 
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reclamation for the efficient and sustainable use of agricultural land and natural 
resources regardless of climate change and anomalies. 
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