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Abstract. North Caucasian Federal District is made up @Eseconstituent entities. In terms
of physical and geographical conditions predomigadéferentiated by the topography of an
area, the territory of the region is grouped arotwd large areas — plain and mountainous.
Most of the territory of the District is charactegd by slopes of up to 5°, which occupy an area
of 114,101 kri, or 66.9 %. The highlands of up to 500 m are nf@sbrable for agricultural
development in Stavropol Krai, Dagestan and Cheghriyhe large low-plain areas with
relatively high elevation points contribute to tf@mation of homogeneous microclimatic
factors, and, consequently, agricultural methods.

1. Introduction

At present, one of the most effective agricultanadl, in particular, crop production methods liethe
endeavors to adapt farming to local conditionsteeldo a spatial pattern of natural landscapes. The
latter is formed due to some zonal and azonal facemong which relief and climate are the most
crucial. According to N.A. Solntsev [1], relief,oalg with geology aspects and surface lithology, is
one of the most “strong” factors to affect the fatran and differentiation of natural-territorial
habitats (NTH). Terrain mega-features are the bBmisdifferentiting the territory into plain and
mountainous parts. Further local differentiatioiese on zonal-azonal conditions that create an
environment for the development of local processes.

The North Caucasian Federal District was split frim@ Southern Federal District by the Decree
#82 of the President of the Russian Federatioranfidry 19, 2010. It is located in the south of the
European part of Russia, in the central and eagi@ms of the North Caucasus. The North Caucasian
Federal District includes seven constituent erstitid the Federation (Stavropol Krai, Karachay-
Cherkess Republic — KCR, Kabardino-Balkarian ReippubKBR, Republic of North Ossetia-Alania —
North Ossetia-A, Republic of Ingushetia — RI, ChatRepublic — CR, Republic Dagestan — RD) with
an area of 170,440 km? (1 % of the territory of Ehessian Federation) and a population of 9,928,721
people. (6.77 % of the population of the RussiaseFation as of January 1, 2020).

In terms of physical and geographical conditioredpminately differentiated by the topography of
an area, the territory of the district is groupeduad two large areas — plain and mountainous. The
plain part is confined to the northern part of thstrict and is represented by different hypsometri
areas with relatively slight elevations and angleslopes within the Ciscaucasia. The mountainous
Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
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part is located within the Greater Caucasus anchéracterized by the highest elevation for the
country. The border between the mountainous antatmivparts touches the foothills of the Greater
Caucasus and is expressed both in terms of elavadimts and the angle of the slopes [2-5].

2. Materials and methods

One of the ways towards boosting national agricelis its optimal location in terms of geographical
conditions. In practical terms, this means defingepgraphical areas and territories (with specific
geosystems) for producing definite types of craps animal breeds (products). Earlier, this task was
solved through planning procedures that ended tip sdme progress. In recent decades, studies of
this kind have been aimed at certain regions. Hewethey form the basis for forecasting and
planning the structure and potential functioningnafional agriculture. Another prerequisite for new
methodological provisions to arise is the advensahe new sources of information and technical
capabilities for information processing. Comprelisamgnvironmental studies traditionally carried out
under a landscape approach primarily rely on margtdac analysis of the relief, in which the main
emphasis is on cartometric methods. The developwietitis approach was facilitated by the wide
application of digital elevation models (DEM).

Currently, there are a number of DEMs to providifedent resolution for a target area. ALOS
Global Digital Surface Model “ALOS World 3D — 30 rfAW3D30)", publicly available at
https://www.eorc.jaxa.jp/ALOS/en/aw3d30/ was usedcompute the areas occupied by different
heights and slopes. It is one of the latest ininbtg information, and its resolution is close et
maps with a scale of 1: 200000, thereby correspontti the regional level of research. DEMs were
processed based on the ArcGIS software packagpariicular, a Spatial Analyst tool that systomizes
DEMs and computes the area of objects.

In the context of elevation points, regions can faithin lowlands (up to 200 m), plains
(200-500 m), uplands (500-700 m), plateaus, higlslarand mountains (above 1000 m). To
distinguish the latter, besides the absolute heitjiet ruggedness of terrain is important, which is
expressed in a significant difference in elevatiaithin a relatively small area. The differences in
elevation points are also combined with significaantiations in the angle of slopes [5-6]

The cartometric activities encountered some chgdlerrelated to the border between the Chechen
Republic and the Republic of Ingushetia. They waue to the fact that by the time the paper was
initiated, the websites of both the North Caucadraderal District and these entities had no
comparable information on their areas. In this régaformation about the areas of the Republic of
Ingushetia and the Chechen Republic was basededRdbreestr data for 2019.

3. The effect of the relief on the spatial structure bagriculture in the North Caucasian Federal
District
The North Caucasian Federal District features #ieefrthat is most contrasting in the Russian
Federation with elevation differences of up to B, since it houses the highest point of the agunt
(Elbrus, 5642 m) and the Caspian lowland locatddvbsea level. However, regarding the elevation
points, the territory under consideration is dortedaby a level terrain with elevations of up to 00
which stretches over an area of 107,394 {@8.0 %). In a 500 to 1000 m height range, thettey of
the Ciscaucasia is represented by uplands (StayrSmnuk and others), foothill (forward) ranges
(Tersky, Kabarino-Sunjensky, etc.) and individuassifs (laccolith mountains in Pyatigory). They
account for 17,952 ki(10.5 %). Finally, regions with heights above D,0@ are traditionally
referred to as mountainous. Here, the altitudeasang to 2,000 m are referred to as midlands, and
above 2,000 m — high mountains. Subalpine andalgindscapes routinely used in transhumance and
pasture livestock breeding have become widespre#iteimidland and especially highland altitudinal
zones, above the forest zone. In addition, gardeaimd horticulture are advanced in mountain basins
and widened river valleys, especially in the InMountain Dagestan. The areas located in uplands
above 1,000 m in the North Caucasian Federal Bistonstitute 45,094 kin(26.5 %) (Fig. 1,
Table 1).
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Figure 1. Differentiation of the NCFD territory by elevati@oints

The overall picture showing the distribution of aloge heights and their areas on the territory of
the district is quite significantly different fasiindividual entities. Thus, lowlands and plains anost
widely represented in Stavropol Krai, Chechnya Badestan, where the proportion of elevations up
to 500 m is 93.9, 66.8 and 53.7 %, respectivelye Pphains are fairly represented in Karachay-
Cherkessia, where they account for just over 2 ¥heterritory. In other entities, they make upnfro
26 % (North Ossetia-Alania) to 36.8 % (Ingushetia).

As for the foothills, they are the least widely miegented in the topography of Stavropol (5.4 %),
Dagestan (7.0 %) and Chechnya (11.8 %). In othtiiesnthey make up from 16.7 % in Kabardino-
Balkaria to 35.7 % in Ingushetia. As for the moumgathey are under-represented in Stavropol Krai
(0.6 %). The most mountainous relief is presenKamachay-Cherkessia, 75.2 % of the territory of
which is accommodated in uplands above 1000 m Kahrdino-Balkaria, where mountains occupy
more than 50 %. In North Ossetia-Alania and Dagediaey account for 44.3 and 39.3 % of the
territory, respectively, and in Ingushetia and Glmg@a — 27.5 and 21.4 %.

In general, elevation points are most favorabletfa development of agriculture in Stavropol
Krai, Dagestan and Chechnya, where regions witghteiof up to 500 m occupy the vastest area,
largely with uplands, low-mountain ranges, and actaothills. The predominance of the territories
with heights above 1,000 m in Karachay-Cherkessi Kabardino-Balkaria, with the mountainous
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terrain to be most characteristic, limits the usafjethese territories for crop production, but
contributes to the development of transhumancepasture livestock breeding. The steepness of the
slopes, along with their hypsometry, are one ofithgortant morphometric parameters enabling to
divide the territory into mountainous and plain tparand to create farming conditions. The
differentiation of the territory of the North Cawtan Federal District depending on the angle
(steepness) of the slopes is illustrated in Fign@ Table 2.

The data provided illustrate that the steeper kbees the fewer the areas available. The angle of
the slopes as such is associated with absolutehtseigince a level terrain is characterized by
relatively small excesses, and, accordingly, slopesm this point of view, most of the territory thie
North Caucasian Federal District is characterizgdhle slopes of up to 5°, which occupy an area of
114,101 kr or 66.9 %. Moreover, the main part of this gramatarea is occupied by almost flat
surfaces (0-1°), widely represented on the teyitdrthe Caspian lowland and its parts, where the
topography is complicated by aeolian features.

Table 1.Differentiation of the NCFD territory by elevatigoints

Elevations . North
m ' Stavropol Krai KCR KBR OssAetla- RI CR RD NCFD
<0 0 0 0 0 0 483 15646 16129
0.0 0.0 0.0 0.0 0.0 3.1 31.1 9.5
0-100 16340 0 0 0 0 5187 7318 28845
24.7 0.0 0.0 0.0 0.0 33.2 14.6 16.9
100250 29723 0 1622 928 123 2806 1543 36745
44.9 0.0 13.0 11.6 34 17.9 3.1 21.6
250-500 16089 298 2462 1139 1213 1973 2502 25676
24.3 2.1 19.7 143 334 126 5.0 15.1
500750 3028 1639 1096 1541 993 1128 1971 11396
46 115 8.8 19.3 274 7.2 3.9 6.7
750-1000 560 1607 985 841 302 721 1540 6556
0.8 11.3 7.9 10.5 8.3 4.6 3.1 3.8
1000—2000 420 6252 2625 1461 599 2142 8957 22456
0.6 43.8 21.1 18.3 16,5 13.7 17.8 13.2
2000-3000 0 3798 2315 1443 303 985 8580 17424
0.0 26.6 18.6 18.1 8.4 6.3 17.1 10.2
> 3000 0 684 1364 634 95 222 2214 5213
0.0 4.8 10.9 7.9 2.6 1.4 4.4 3.1
Total 66160 14278 12471 7988 3627 15647 50271 170440

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Note: the area is in kAin the numerator, in percent — in the denominator
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Figure 2. Differentiation of the NCFD territory by the angléslopes

Similarly with absolute heights, the territoriesthwiminimal slopes in absolute and relative values
are the most widely represented in Stavropol K6&i488 km or 96.0 %), Dagestan (2,675 kor
53.2 %) and Chechnya (9,810 kmr 62, 7 %). In Kabardino-Balkaria, North Osseiiania and
Ingushetia, slopes with an angle of up to 5° actémman average of 45 % of the territory. Finatlye
smallest areas with a given gradation are presafaiachay-Cherkessia.

The slopes with an angle of 5-10° occupy 14,712 K86 %) in the territory of the North
Caucasian Federal District. They are least repteden Stavropol Krai (3.4 %) and Dagestan (8.6 %),
and as much as possible in Ingushetia (21.4 %)sdsopes largely correspond to uplands and
foothills. The slopes with an angle of more than®l@ccupy an area of 41,677 kif24.4 %). The
largest share of steep slopes is typical of Karga€tzerkessia (56.6 %), North Ossetia-Alania (44.2
%) and Kabardino-Balkaria (43.4 %). In Ingushetid ®agestan, this category of slopes accounts for
30 to 40 % of the territory, and in Chechnya — l&ss 30 %. Finally, in Stavropol Krai, the regions
with such an angle occupy less than 1 % of thé&aeyr
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Table 2.Differentiation of the NCFD territory by the angléslopes

North
Angle, ° Stavropol Krai KCR KBR Ossetia- RI CR RD NCFD
A
41525 816 3098 2170 381 7201 22401 77592
0-1 628 57 248 272 105 460 446 455
13756 755 950 650 409 1189 1478 19187
1-2 208 53 7.6 81 113 76 29 113
8207 1989 1354 740 766 1420 2846 17322
2-5 124 139 10.9 93 211 91 57 102
1350 1190 715 393 355 700 1909 6612
> 20 83 57 49 98 45 38 39
901 1453 944 501 421 1022 2859 8101
/=10 14 102 7.6 63 116 65 57 48
397 3638 2339 1221 604 2052 8251 18502
10-20 06 255 188 153 167 131 164 109
22 2736 1730 1198 342 1250 6653 13931
20-30 00 192 139 150 94 80 132 82
2 1643 1232 1051 332 797 3804 8861
30-45 00 115 99 132 92 51 76 52
45 and 0 58 109 64 17 16 70 334
above 00 04 09 08 05 01 01 02
ot 66160 14278 12471 7988 3627 15647 50271 170440
1000 100.0 1000 1000 100.0 100.0 100.0 100.0

Note: the area is in kAin the numerator, in percent — in the denominator

4. Conclusion

A comparison of regions with different absolutegi$ and angle of slopes shows that the lowest
elevation points are typical of the lowlands theg widespread in the northern parts of Dagestan and
Chechnya, as well as in the east of Stavropol. Wewea limiting factor for crop production here is
thought to be climate conditions rather than tecrln this regard, transhumance and pasture ligksto
breeding has gained significant momentum in thegmns.

The most favorable synergy of elevation points andle of slopes is typical of Stavropol Krai,
where a level relief with heights of up to 250 ™4.81%) and slopes of up to 5° is widely represented
Similar conditions are available in the northernpaf Kabardino-Balkaria and North Ossetia-Alania,
as well as in the central parts of Ingushetia ahdcinya, with piedmont sloping plains. As for the
mountainous part, where the angle of the slopagases as the absolute height rises, sheep breeding
is mainly developed in the highlands of all theutdirs of the North Caucasian Federal District.
Mountain agriculture is confined to the mildesteaen the wide river valleys and large mountain
basins.

Thus, being the most important element of the a&tenvironment, the relief has an impact on
agricultural production. Large areas of low-plagtief with relatively high elevation points contuie
to the formation of homogeneous microclimate fagtand, consequently, agricultural methods.
A slight angle of slopes (up to 5°) make it possitd widely use mechanic means in the region. These
factors encourage agricultural production, esplgoc@abp production [7-10].
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