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GEOMORPHOLOGICAL ANALYSIS OF THE ILI RIVER BASIN
CATCHMENT AREA FOR INTEGRATED DEVELOPMENT

Abstract. Based on long-term informational and analytical materials of the World Meteorological Organization
(WMO), the Weather and Climate reference portal and stationary meteorological stations of the RSE Kazhydromet
located in the catchments of the Ili River basin, which cover the Almaty region (Narynkol, Tekes, Sumbe, Dobyn,
Aydarly, Kapshagay, Usharal, Bakanas, Kokzhide, Kuigan) of the Republic of Kazakhstan, Xinjiang Uygur
Autonomous Region (Tekes, Xinyuan, Tokkuztara, Yamata, Kuldzh) of the People’s Republic of China and using
the law of geographic vertical zoning, the energy resources of river basins and groundwater, the climatic potential of
natural systems that characterize the heat and moisture supply of natural landscapes and ecological and
hydrogeochemical indicators showing the direction and intensity of the hydrogeochemical process on a spatial scale,
which allowed for geomorphological zoning, are determined catchments of the Ili river basin, characterizing the
natural functions of the river basin, to have runoff and environment formation, which are the basis for environmental
management and environmental engineering.

Key words: climate, nature, resources, river, pool, environment, landscape, catchment, system, heat, moisture,
security, potential, process, nature management, environmental management, function.

Relevance. The general current situation of the catchment of the basin of the transboundary Ili River,
located on the territory of the People’s Republic of China and the Republic of Kazakhstan, is characterized
by a rather intense geoecological state. This situation is caused by the progressive involvement and
development of the natural resource potential of vast territories (in our case, watersheds), the increase in
technogenic impact on them and the disruption of the relationship between natural components in
geosystems and in the human-nature system.

Therefore, to solve the geoecological problems of the watersheds of the transboundary river basin, it
is necessary to consider and study them in the form of geosystems of a certain rank, including an
interdependent set of components and developing as a whole on the basis of geomorphological
schematization, describing the main processes of the functioning of watersheds with a possibly large set of
parameters that take into account changes in the components of geosystems catchment areas.

The main natural function of the river basin is, firstly, drainage, secondly, peculiar combined
geosystems (the principle of unification here is the unity of hydrogeochemical flows having one object for
their discharge) and, thirdly, this is a spatial basis for nature management (allocation of land for various
purposes ) and environmental management, that is, objects of a comprehensive arrangement of their
watersheds.

With a comprehensive arrangement of the catchments of the river basin, the catenary approach is the
basis of the geomorphological schematization of the catena, which consists of four facies with different
altitudinal positions. The eluvial facies represents a hill near the dividing line, the transeluvial facies
represent the slope to the inflection point, the transaccumulative facies represent the slope after the
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inflection point, and the supersquale is the lowland of the floodplain terraces. The floodplains of the
rivers, despite their significance, were not considered in the work. The transeluvial and transaccumulative
facies form the transit facies of the slope, and the supequal facies adjoins the watercourse.

Purpose of the study — based on geomorphological schematization of catchments of river basins
using the catenary approach, zoning of the landscape system of catchments of the Ili River basin to
identify regional differences and the need to accurately determine their economic and economic
capabilities.

Object of study - The Ili River, which originates in the Central Tien Shan on the territory of the
People’s Republic of China (PRC) after the confluence of three tributaries - the rivers Kash, Kunes and
Tekes, with the latter having a large tributary - the Koksu River and its flow formation zone (Halyktau and
Narat) is characterized by the largest layer of precipitation - more than 1300 mm / year. The sources of the
Tekes river are located on the territory of Kazakhstan on the Muzart glaciers and their length is 438 km,
the catchment area is 28100 km” (within the Republic of Kazakhstan, respectively, 218 km and 4250 km?).
The river, high in the upper reaches, at the intersection of the Tekes Depression loses a significant part of
its flow for water consumption in the branches of the economy, but after the confluence of the tributaries
Kokpak, Bayankol, Narynkol, which feed on meltwater from the Khan-Tengri glaciers, the water content
of the river increases significantly. Then it flows through the territory of the People’s Republic of China
(East Turkestan), where it merges with the Kunes and Kash rivers, and at the 250-th km from their
confluence enters the territory of Kazakhstan with the Ili river with many waters. After exiting the
Kapshagai Gorge, the Ili River flows through the deserted Balkash plain to Lake Balkhash. Downstream
the riverbed is unstable, replete with elders and islets. When it flows into the lake, the river forms a
delta with an area of about 9000 km®, which is divided into three systems of branches - Topar, Ili and
Zhideli [1].

Research Methods and Materials. The work used information and analytical materials of the World
Meteorological Organization (WMO), the reference and information portal «Weather and Climate» and
stationary meteorological stations of the RSE «Kazhydromet» located in the catchments of the Ili River
basin, which cover the Almaty region (Narynkol, Tekes, Sumbe, Dobyn, Aydarly, Kapshagay, Usharal,
Bakanas, Kokzhide, Kuigan) of the Republic of Kazakhstan, Xinjiang Uygur Autonomous Region (Tekes,
Xinyuan, Tokkuztara, Yamata, Kulja) of the People’s Republic of China [2]

By the methodology of the comprehensive arrangement of the catchments of river basins, given the
multidimensional nature of the problem, the whole set of methodological approaches that exist in
environmental management, that is, the geosystem and catenary approaches, has been adopted.

The catenary approach is the basis of the geomorphological schematization of catenas when
substantiating the need for a comprehensive arrangement of catchments of river basins [3,4,5].

In the geomorphological schematization of landscape catenas of catchment areas, in order to justify
the need to equip river basins, each catchment within the same physical and geographical area is
represented by a catena consisting of four facies with different altitude positions, determined by the depth
of the relief: eluvial, transit, superaqual and subaquatic. If the watersheds have extended slopes, the transit
facies 1s divided into the transeluvial and transaccumulative facies [5].

Thus, the basis of geomorphological schematization of watershed landscapes based on the geosystem
approach, based on the excess of the earth's surface over the watercourse, makes it possible to more
objectively differentiate the zones of facies locations.

However, in the quantitative description of the hydrogeochemical processes of catchments of river
basins, the main integral factor is the energy of the groundwater flow, that is, the speed of their movement,
the mass of water, depending on the thickness of the aquifer, filtration energy, and evaporation energy,
which are not taken into account when using the excess of the earth’s surface over the watercourse as a
criterion for geomorphological schematization of river basins, i.e¢ A; and AH characterize the excess of the
carth’s surface over the watercourse, then you can imagine the energy or work performed by the flow of
groundwater in the following form [4]: AE = A; = m;-g-AH = m;-g-A;, where AE — change in
energy at the site dx, kJ; 4, — work performed in an elementary volume by the flow of groundwater in the
area dx, kJ; m; — groundwater mass; A; u AH — height exceeding the Earth's surface above the bank of the
watercourse, m.
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Construct geomorphological circuit landscape catenas possible using hydrogeochemical potential
groundwater flow river basin (M), characterizing work (A,),committed by a liquid in the process of
precipitation to the ratio of the concentration of soil solution (C,).that is, they can be considered as the
ability of the soil cover to be released from readily soluble salts from the upper to the lower reaches of the
river basins: M = A, / C,,, where: M — hydrogeochemical potential of river basins; A, — work performed in
an elementary volume by the flow of infiltration water in the soil layer of river basins; €' — average salt
concentration in groundwater flow [4]: 2

A= 0/[F--D2a-B)] ¢ =|c,+0-021-8)C/O|/ Com,

where: R — radiation balance; O, — precipitation; 1. — latent heat of vaporization; C, — initial
concentration of soil solution in the soil layer; - permissible concentration of salts in the soil solution,
which corresponds to the parameter of non-saline soils; C. — salt concentration in groundwater;
(1 — H — infiltration action time (¢ = 1/365), T — duration of the biological active period; A = A/Ay,,
A — groundwater depth: Ay, — critical groundwater depth.

Research results. For the geomorphological zoning of the watershed territories of the Ili River basin,
a catenary approach was used, which involves a geomorphological schematization of landscape catenas of
the watersheds of river basins characterizing landscapes in the mountain class (cluvial facies), piedmont
landscape subclass (transelyuvial facies), foothill plain landscape subclass (transaccus) flat class of
landscapes (super-aquatic and sub-aquatic facies).

Based on the above methodological approach, the energies and work performed by the groundwater
flow in the catchments of the Ili River basin are determined (table 1).

Table 1 — Energy resources of the catchments of the Ili River basin

Natural and climatic zones The absolute height AH Groundwateli Jﬂ OW ehietey.
Weather stations of the earth’s surface, >
landscape faci m
acies m A XA
class
Basuarkor 4059,0 - - -
Mount Eluvial Narynkol 1806.,0 1797.0 17628.6 319613
Tekes 1766.,0 40,0 3924 14333,3
Sumbe 12320 5340 5238.5 13940,3
] ] Tekes (China) 1203.0 29,0 2845 87018
Piedmont Trans-eluvial - -
Xinyuan (China) 9470 2560 25114 84173
Tokkuztara (China) 7730 1740 1707.0 5905.9
Yamato (China) 7230 50,0 4905 41989
Gulja (China) 663.0 60,0 588.6 3708.4
Piedmont Trans Kokdala (China) 6270 36,0 3532 3119.8
lowland accumulative Dubyn 596,0 31,0 304,1 2766.6
Aydarly 576,0 20,0 1962 24625
Kapshagay 540,0 36,0 3532 22663
it 4900 50,0 4905 1913.1
Bakbakty 459.0 31,0 304,1 1422.6
Usharal 3970 62,0 6082 11185
Super aqual
Bakanas 396,0 1,0 9.8 510,3
Plain Akdala 390,0 6,0 58,9 500,5
Akkol 3840 6,0 58,9 441,6
Araltobe 3570 27,0 2649 3827
Subaquatic Kokzhide 3500 7.0 68,7 117.8
Kuigan 3450 5.0 49,1 49.1
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As can be seen from table 2, in the catchment areas of the Ili River basin in the territory of the
Raiymbek district of Almaty region, that is, the zone of runoff formation, where the mountain class of
landscapes with eluvial facies is located, has rather high energy resources of river basins and groundwater,
which are 23259.5 kJ. At the same time, in the watershed territories of the Ili River basin, which pass
through the borders of the Xinjiang Uygur Autonomous Region of the People’s Republic of China, are
located in the piedmont class of landscapes with transeluvial facies, the energy resources of river basins
and groundwater are reduced to 8034 .4 kJ. The energy resources of river basins and groundwater in the
foothill lowland class of landscapes with a transaccumulative facies of catchments of the Ili River basin,
which cover part of the territory of the Xinjiang Uygur Autonomous Region of the People’s Republic of
China and the Uyghur District of the Almaty Region of the Republic of Kazakhstan, amount to 2285.8 kJ.
At the same time, in the territories of the catchment part of the Republic of Kazakhstan, covering from the
Dobyn hydrological post to the city of Kapshagai, it amounts to 500.3 kJ, that is, the energy resources of
the river basin and groundwater are sharply reduced. In the territories of the flat class of landscapes with
superaqual facies, covering the Ili and Balkhash districts of the Almaty region, the energy resources of the
river basin and groundwater are reduced to 1530.3.1 kJ, and in the zone of the subaquatic facies it
decreases sharply to 333.6 kJ.

Thus, in accordance with the principle of geographical zonality existing in energy and groundwaters,
from 31,961.3 to 49.1 thousand catchment arcas of the Ili River basin (table 2).

Table 2 — Geomorphological schematization of landscape catenas in the catchment areas
of the Ili River basin according to the energy resources of the river basin and groundwater

Natural Geomorphological
and climatic zones indicator
Landscape Facies The absolute height Groundwater flow energy,
class of the earth's surface, m kJ

Mount Eluvial <1800 <175000
Piedmont Trans-eluvial 800-1800 8000-17500
Piedmont lowland Trans accumulative 540-800 5500-8000

Super aqual 350-540 3500-5500
Plain

Subaquatic >350 >3500

The natural heat and moisture supply of the active surface is the most important constituent element
of the complex of natural productive forces, that is, natural landscapes that are actively involved in the
biological process in general and in the formation of natural-technogenic complexes, especially the
catchments of river basins [6,7.8].

Based on the long-term information and analytical materials of the located meteorological stations in
the catchments of the Ili River basin, their average long-term energy resources and natural and climatic
potentials are determined, that is (table 2): the sum of the air temperature for the biologically active period
of the year (3 £,°C), amount of precipitation (O,, mm), evaporation level (£,, mm), and photosynthetically
active radiation (R, kJ/cm®) (table 3).

As can be seen from table 3, the energy resources of the watersheds of the Ili River basin from the
mountainous class of landscapes (eluvial facies) to the plain class of landscapes (subaquatic) increase, the
sum of the biological active air temperature from 2338.0 to 3800.0 ° C, volatility from 844, 0 to
1472.0 mm and the radiation balance from 134.0 to 182.0 kJ / cm?, and precipitation decreases from 433.0
to 144.0 mm. Under these conditions, landscape-geochemical catenes are formed in the catchment areas of
the river basin, that is, the simplest cascade landscape-geochemical system, characterized by the intensity
of hydrogeochemical flows, which largely depend on their energy resources.
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Table 3 — Natural and energy resources of the catchments of the Ili River basin

Natural and climatic zones Weather stations Absolute Natural and climatic indicators
(landscape class, facies) height (H), m O,mm | Yt,°C E mm | R klem?

Mountain class of landscapes Narynkol 1806.,0 4330 28050 1001,0 1490

(eluvial facies) Tekes 17660 4210 23380 8440 1340

Piedmont subclass Sumbe 1232.0 377.0 30740 1122.0 1580

of landscapes Tekes (China) 12030 2590 3100,0 9540 1590

(transeluvial facies) Tokkuztara (China) 773.0 2480 | 35790 | 8940 175.0

Yamato (China) 7230 252.0 3130,0 1269.0 162,0

Gulja (China) 663,0 2480 3800,0 1284.0 182,0

Piedmont lowland subclass Zharkent 641,0 2130 | 39500 | 16610 1870
of landscapes

(trans accumulative facics) Dobyn 596.0 2260 41000 1748.0 192,0

Aydarly 576.0 364.0 43050 1247.0 199.0

Kapshagay 5400 370,0 3750,0 1528.0 180,0

Plain class of landscapes Usharal 397.0 354.0 36220 1168.,0 176,0

(superaqual facies) Bakanas 396,0 273.0 3700,0 1527.0 179,0

Plain class of landscapes Kokzhide 3500 2240 3700,0 14740 1790

(subaquatic) Kuigan 3450 144.0 3800,0 14720 182,0

At the same time, the energy resources of river basins and groundwaters of the natural system are
additionally characterized by hydrogeochemical processes of groundwater, which are characterized by
ecological and hydrogeochemical parameters of landscape of river basins, which are extremely important
in the ecological and hydrogeochemical zoning of landscape and geographical zones and water

management assessment of catchments of the Ili River basin (table 4).

Table 4 — Environmental-hydrogeochemical indicator

of the landscape system of the catchment area of the Ili River basin

: : Indicators
Natural and climatic zones Weather stations Hm _ _
(landscape class, facies) C, ol C, g/l A A c I7i
Mountain class Basuarkor 4059,0 0.30 1.00 10.0 0,73 0,60 | 121
of landscapes Narynkol 1806.0 0,30 1,00 10,0 0,79 0,60 1,32
(cluvial facies) Tekes 1766.0 0,30 1,00 100 | 060 | 060 | 1,00
Piedmont subclass Sumbe 1232,0 0.40 1.20 10.0 0.60 0,80 | 0,75
of landscapes Tekes (China) 1203.0 0.40 1.30 10.0 041 0,80 0,51
(transeluvial facies) Tokkuztara (China) | 7730 0.40 130 | 100 | 035 | 080 | 044
Yamato (China) 723,0 0.50 1.50 6.0 0.39 1,00 | 0.39
_ Gulja (China) 663,0 0.50 1.50 6.0 0.29 1,00 | 0.29
Piedmont lowland subclass

of landscapes Zharkent 641,0 0,50 1,50 6,0 0,34 1,00 | 0,34
(trans accumulative facies) Dobyn 596,0 0,50 1,50 6,0 0,29 1,00 | 0,29
Aydarly 576,0 0,50 1,50 6,0 0,46 1,00 | 0,46
Kapshagay 540,0 0,50 1,50 6,0 0,51 1,00 | 0,51
Plain class of landscapes Usharal 3970 0,90 3,50 3,0 0,50 1,50 0,33
(superaqual facies) Bakanas 396,0 0,90 3,50 3,0 038 | 250 | 025
Plain class of landscapes Kokzhide 350,0 1,50 6,00 3,0 0,31 1,80 | 0,17
(subaquatic) Kuigan 3450 1,50 6,00 3,0 0,20 1,80 | 0,13
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In this case, the work, as can be seen from table 4, performed in an elementary volume by a flow of
infiltration water in the soil layer (4,) from the mountain side (eluvial facies) to the lowland (subaquatic)
zones gradually decreases from 0.73 to 0.20, and the average salt concentration in surface water - soil —
“sroundwater" system (C"), on the contrary, increases from 0.60 to 1.20. Consequently, the ecological-
hydrogeochemical potential or soil-reclamation indicator of the landscape (M), obeying the law of vertical
zonality, decreases from 1.21 to 0.13, which characterizes a saline collection basin in the area of
hydrogeochemical flow stacking. This regularity shows the available possibilities for the formation of
hydrogeochemical processes in the catchment areas of the Ili River basin, which are damaged by the
spread in the flat class of landscape with superaqual and suaqual facies, where salinization of soils with
low ecological productivity are widespread [57], which are estimated using integrated criteria for
environmental and climatic productivity natural landscapes (table 5):

- humidification coefficient (K, = O, / E,), where O, — precipitation, mm; £, — volatility over the
biological active period of the year, mm: E, = 0.0018 - (25 + £)*(100 — @), where ¢ — is the average monthly
temperature °C; a — monthly average relative humidity, % [9];

- dryness index (R = R/LO,, where L — specific heat of vaporization, assumed constant and equal to
2,5 kl/em®); R — photosynthetically active radiation, kJ/cm’[10]: R = 13.39 + 0.0079 - ¥t > 10°C, here
> t,°C — the sum of the air temperature for the biological active period of the year [11].

At the same time, under natural conditions, the formation of landscape hydrogeochemical facies
largely depends on the heat and moisture supply of the catchment arcas of the Ili River basin, since the
natural humidity coefficient decreases from 0.50 from the mountain class of landscapes (eluvial facies) to
the Plain class of landscapes (subaquatic) to 0.10, and the "dryness index", which characterizes the degree
of balance of moisture and heat, rises from 1,273 to 5,056, which show the presence of sufficiently high
energy resources.

Table 5 — Geomorphological schematization of landscape catenas of catchments of the Ili River basin

Humidity Indicators of heat and moisture The absolute height of the

7Zones Woeather stations K, R earth's surface, m

Administrative districts

Mountain class of landscapes (eluvial facies)

. Narynkol 0,43 1,370 1806.,0 )
Wet mountain Raiymbek
Tekes 0,50 1,273 1766.,0

Piedmont subclass of landscapes (transeluvial facies)

Sumbe 0,34 1,676 12320 Raiymbek
Arid mountain Tekes (China) 0,27 2,456 1203,0 1li Kazakh Autonomous
Tokkuztara (China) 0,29 2,822 773,0 Prefecture
Piedmont lowland subclass of landscapes (trans accumulative facies)
Yamato (China) 0,20 2,571 723,0 Ili Kazakh Autonomous
Gulja (China) 0,19 2,935 663,0 Prefecture
o Zharkent 0,13 3,510 641,0 Panfilov
Arid piedmont -
Dobyn 0,13 3,398 596,0 Uigur
Aydarly 0,29 2,187 5760 Kerbulak
Kapshagay 0,24 1,946 540,0 Kapshagay city
Plain class of landscapes (superaqual facies)
) ) Usharal 0,30 1,988 397,0 Il
Arid plain
Bakanas 0,18 2,622 396,0 Balkhash
Plain class of landscapes (subaquatic)
i Kokzhide 0,15 3,200 350,0
Very arid n Balkhash
desert Kuigan 0,10 5,056 345,0
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WM TIOYBEHHO-MEIHOPATHBHBIN MOKa3aTe b naHmmadra (M), MOTIMHSACH 3aKOHY BEPTHKAJIBHOH 30HATBHOCTH,
yMmenpmaercs oT 1,21 mo 0,11, yro xapakrepusyer B 00JaCTH MAra3MHHPOBAHMS THAPOTCOXMMHYECKOTO IMOTOKA
(dopmupyeTcs conecOOpHBIN OacCeiiH, TO €CTh 3Ta 3aKOHOMCPHOCTH MOKA3BIBACT HMMCIOMIMCCA BO3MOKHOCTH
(HOpMHUPOBAHHS THAPOTCOXHMHUCCKUX MPOICCCOB B TCPPUTOPHAX BomocOopa OacceiHa peku Moam, 4T0 MOBPEK-
JTAFOTCS PACTIPOCTPAHCHUEM B PABHHHHOM KJIacce JaHAmadTa ¢ CynepakBaIbHOH M CYaKBATBHOM (DaHsIMH.

[Tpu 3TOM B €CTECTBEHHBIX YCIOBHAX (POPMHPOBAHES JaHIIAPTHO-THAPOTCOXHMHICCKIX (hanuii BO MHOTOM
3aBUCAT OT TEIUIO- M BIAro00ECICUCHHOCTH TEPPUTOPHIT BoJOCOOpOB OacceriHa pexu Mim, Tak Kak OT TOPHOTO
Kimacca maHamadToB (IIOBHANBHASA (haIud) A0 PABHHHHOTO Kiacca JaHAMA(PTOB (CyOakBambHASA) KOI(D(DUIIHCHT
€CTECTBEHHOIO yBIaOKHEHHA yMeHbmaerca oT 0,50 mo 0,10, a «MHOEKC CYXOCTH», XapaKTEPH3YIOIIUH CTEICHBb
COATAaHCHPOBAHHOCTH BJIATH W TCILIA, MOBHIIACTCSA OT 1,273 10 5,056, KOTOPBIC MOKARKIBAOT HATMYHC TOCTATOYHO
BBICOKHX SHEPTETHUYCCKUX PECYPCOB.

Takum 00pa3zoM, HA OCHOBE T€OMOP(OIOTHUECKON CXEMATH3alMH BOJOCOOPOB TPAHCTPAaHMYIHOH peku Mmm,
6a3upyromecss Ha MOJOKCHUAX CTOKOOOPA30BAHMS PEYHBIX OACCEHHOB KaK TEPMOJINHAMUYCCKON CHCTEMBI, TPAHH-
1A KOTOPHIX COBHAJACT C BBICOTHOH IOSICHOCTBHIO, MO3BOJIIFOT OLCHHUTh M3MEHEHHS THAPOIOTHIECKOTO, IKOJIOTO-
TOYBCHHOTO M 3KOJOTO-THAPOTCOXHMHUYCCKOTO PEXKMMA JTAHAMAPTHBIX CHCTEM C YUETOM IIPHPOIHO-TCPPUTOPHAIH-
HBIX Pa3AMYHil KaK BBITIOTHAIOIINC BAKHBIC CPSA000PA3YIOIINE HIH YKOJOTHICCKUS (DY HKITHH.

KmoueBnie ¢j10BA: KIIUMAT, IPHPOIA, PECYPCHL, peka, Oacceitn, cpeaa, manamadr, Boaocoop, CHCTEMA, TEILIO,
BIIara, 00CCICUCHHOCTD, MOTCHIHA, MPOLCCC, MPUPOAOMOIB30BAHNE, MPHPOI000YCTPOHCTBO, (DY HKITHL.
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