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Fig. 1 Map showing the terrains of the study area, and schema of three division methods for north and south slopes
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Fig. 2 Schema of terms for altitudinal distribution of land cover types
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Fig. 3 Schematic diagram showing vertical distribution of composite dominant land cover types
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Tab.1 Elevation range and composition of land cover types on north and south slopes based on three division methods
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(1563%), HUKZEHMAmHAEIE (5515 16.33%F112.89%) 5 vk 2585w AL & e
o FEHPEESE R R M R DR IFBRM A £ (4 60%~75%), 63 LAR i FI#E A
F (5 73%); VKN EAH S R Frad . MEik i md DRk . A& B 50K F 955
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Pl 6,715, FRAREZATIERYE
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Tab. 2 Composition of area of land cover types on north and south slopes
Fom e FaYk Jebk [ElAaye
A GkmY) (%) WA (km?)  FS (%) (2l
A Ji X2 374.20 44.94 5.66 1.05 66.11:1
B E—MM 304.75 27.24 23.35 2.08 13.05:1
FEHFIE—MQFEN? 240.29 19.52 8.21 0.87 2927:1
FEHFi—MC Al 406.96 31.88 9.04 1.02 45.02:1
HLE 7917.95 26.91 243.64 0.99 32.50:1
FON J X 342.38 41.12 - - -
FEHFE—MM AT 516.34 46.16 - - -
R —MQ HEATT 559.99 45.50 - - -
BT E—MC FEiE 406.80 31.87 - - -
HkE 11177 37.99 262.54 1.08 42.60:1
T S X 3 13.62 1.64 - - -
B A —MM R 38.65 3.45 10.41 0.93 3.71:1
P R—MQFEY 34.85 2.83 - - -
FEH E—MC FEHE 36.13 2.83 - - -
Lk 1433.42 4.87 660.56 2.69 2.17:1
HiHl Fid X2 22.17 2.66 340.08 62.99 0.07:1
B —MM R 41.97 3.75 553.23 49.38 0.08:1
R E—MQREHE 43.26 3.51 522.06 55.10 0.08:1
BT E—MC FEF 106.15 8.31 450.42 50.94 0.24:1
H: 2041.39 6.94 11886.72 48.40 0.17:1
g B Xk 10.16 1.22 69.57 12.89 0.15:1
B E—MM e 28.04 2.51 96.74 8.63 0.29:1
FEHFIE—MQFEN? 28.56 2.32 72.77 7.68 0.39:1
FEHF—MC HA7 66.06 5.17 35.49 4.01 1.86:1
Lk 1016.77 3.46 1073.82 437 0.95:1
PN Fid X 32 9.50 1.14 0.01 0.00 950:1
R —MM 9.67 0.86 6.90 0.62 1.40:1
R —MQHEATY 7.90 0.64 1.43 0.15 5.52:1
FEHFE—MC Ry 13.69 1.07 2.40 0.27 5.70:1
Bk 182.87 0.62 152.43 0.62 1.20:1
A X 0.32 0.04 1.17 0.22 0.27:1
B E—MM R 0.19 0.02 0.48 0.04 0.40:1
FEH E—MQEEA - - - - -
BEAF —MC e - - - - -
ki 13.68 0.05 0.79 0.00 17.30:1
i Fi X2 34.37 4.13 88.18 16.33 0.39:1
FEHF —MM AT 87.34 7.81 277.88 24.80 0.31:1
K R—MQEEA? 176.45 14.34 192.32 20.30 0.92:1
FEHFE—MC Ry 145.79 11.42 203.95 23.06 0.71:1
Bk 4010.33 13.63 7750.94 31.56 0.52:1
Ft X3 3.18 0.38 14.93 2.77 0.21:1
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gR2
. e mbk Jeyk MALHEIFR L
MAkmY)  ErH(%) WAkmY)  EHH(%) m:dL
HRERM R —MM AT 8.35 0.75 12.86 1.15 0.65:1
R E—MQ FEAT 9.07 0.74 22.95 242 0.40:1
FEH E—MCHEHF 11.91 0.93 81.77 9.25 0.15:1
FEESR7S 279.49 0.95 787.95 3.21 0.36:1
TN Xk 22.83 2.74 20.26 3.75 1.13:1
FEH E—MM FEHF 83.27 7.44 138.51 12.36 0.60:1
FEHF—MQFEF 130.48 10.60 127.74 13.48 1.02:1
R —MC R 83.11 6.51 101.19 11.44 0.82:1
Hekik 1355.58 4.61 1740.59 7.09 0.78:1
Bt i X3 832.73 100.00 539.87 100.00 1.54:1
FEHF —MM R 1118.57 100.00 1120.36 100.00 1.00:1
FEHF—MQEEA? 1230.85 100.00 947.48 100.00 1.30:1
FEF—MC BT 1276.59 100.00 884.27 100.00 1.44:1
B 29428.43 100.00 24559.97 100.00 1.20:1
TE: ELEEIRAE Wa s (2017) 2560 1 F0H; RIS RAFE
SR — AR (—90) KARFER AL oA S RSN, BRARR EE MG AER

Weab, ot A M7 Bl SR pg 3 A o0 A R R Y E ALY, oA m R S AL AR Y
RFALs: (K4, £3) Sy A EAARL N F A BAFE. fZErY, MK
BEI, £ BB o A B S A% D A A e B o e R (O A AE IR 100~
4000 m, HO AR HT PRI 500~2200 m, FIA]) ., &M (100~4000 m, 500~3100 m) , J#
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R, AR AR VE S A% D A AR RKIR R . AR HD (4000~4600 m, 4000~4500 m)
HE M\ (4300~5300 m, 4500~5000 m) . FH ML (3900~5100 m, 4200~5000 m) . i i FE 9
(4600~5400 m, 5000~5400 m) . #iHbh (> 4200 m, 5000~5900 m) . ¥KJI|FHEHE (> 4300 m,
5200~6700 m); Ti7/K{A& (4200~6100 m, 4200~5000 m) . JHPEIEHL (3900~5500 m, 4000~
4500 m) FIEEE ML (4200~4400 m, 4300~4400 m) ZEUS LA
33 EENGEMESEINE LSS FEALEX" LihBHERERL

B Y - R B AR T 0 A R O LIS SR, JE I DI m iR A 32 H A A
A iR (K5), . dbIRAIEEAT S A G ANE, B I A 1 M A )
SERE Lo AR ST SR a5 1 T b 5 ok MG R 22 s ik 2 1 ) 441
A, FPEARH R X U AR FH 5 ZRMORITE S R oA, SRR A S30 sl A i
T EUHT I IA R T X B A I AR IE 2 — o MNIRT S AT LR L3 4% 1 7 g S A
I SA AR S . TErdE, AR, N S FRsAel . S W HpsEdem R
HORAME, Wi H . B, B KIEEMRE SR A s (KS); 3MEdL
Pk ik, A—E R R R T X N SR B AT, AU A U e R S RN
Ao 7Edb3 . ARH . b, Fgniael . b, vk SRR G, A H AR
FHHBAEALYE R 4400 m DR WA 5340, {285 KIS AR A 8l o0 A e VK S5 1 2% X 3
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Tab.3 Altitudinal distribution range of land cover types on north and south slopes based on different division methods

Femy X153 75k —— Aﬁqi&’ - — . 1 -
WA ooy el TR 0o At P
A J X3 100~4000  600~1700  100~1800 4000~4500  4100~4500 -
R E—MQHREF  100~4000  1100~2200  1000~1700  4200~4600 4200~4500 -
e E—MMAEEH  100~4000  700~1500 - 3900~4500  4300~4500 -
FEFE—MCHENE  200~4000  500~1400  200~1400 4200~4500  4400~4500 -
Hekik 96~4300 700~1700  100~1500 2300~4500  4100~4500 -
Rk Ji X3 100~4000  500~2000  1800~3600 - - -
FEHRE—MQAEMNF  100~4000  1700~3100  100~1000 - - -
1700~3900
FEHFEE—MMAEA  100~4000  600~1900  100~3700 - - -
BEHFE—MCRENF  200~4000  700~2200  1400~3800 - - -
Lk 100~4000  1100~2600  1500~3800  2100~4000 3200~4000 2300~3900
LN J X3 1700~5100  3300~4200  3600~4000 - - -
FEHFE—MQAEEF  1700~5000  3200~4200  3900~4100 - - -
FEFE—MMAERT  1600~5000  3700~4200 3700~4200  4300~5300  4500~5000 -
R E—MC BEA7 1600~5100  3500~4300  3800~4000 - - -
Hekik 300~4800  3400~4600 3800~4200  2400~4800 4200~4800 3900~4100
Hi Ji X2 1600~5900  4100~5100  4000~5000  4000~5100 4500~5000 4000~5100
BRI E—MQREENF  3000~5100  4600~5100 - 4200~5100  4400~4900  4200~5100
e E—MMAEEHE  1500~5100  4100~5000 - 3900~5100  4400~5000 4000~5100
FEHFE—MCHRENF  2500~5100  4300~5000  4000~5000  4200~5100 4300~4700  4400~5000
HLkE 1400~5100  4400~5000  4400~5000  2500~5100 4400~5000 4100~5100
T G 7N 3000~5300  4400~5300 - 4600~5400  5000~5400  5100~5400
FEHFE—MQEEAF  3000~5300  4500~5300 - 4700~5300  5000~5300  5100~5300
FEHFE—MMAEHF  3300~5300  4100~4800 - 4700~5300  5200~5300  5100~5300
FEF—MCRET 3100~5300  4500~5200 - 4700~5300  5200~5300  5200~5300
Hek 2100~5300  4600~5300 - 4000~5400  5000~5400  5100~5400
IS Bl X 3% 100~2500  100~500 - 4200-4500  4200~4400 -
4200~5300 5000~5800
FEAk—MQAMAT - 100~800 4900~5400 - 4200~4400  4200~4300 -
1400-2200 5700~6100
4600~5400
FEFA—MM R 100~900 100~500 - 4200~5300  4200~4300 -
3700~5300 4800~5000
FEHFEE—MCHEAF  200~1800  200~700 - 4200~4400  4300~4400 -
4200~5300 5500~5800
HkE 96~2900 200~700 - 2200~5300  4100~4600 -
3700~5300  4900~5300
U X 1000~1700  1100~1300 - 4200~4400  4300~4400 -
1500~1600
B E—MQREEF - - - - - -
e E—MMAEEH 1500~1700  1500~1600 - 4200~4400  4300~4400 -
K —MC R - - - - - -
HEE 400~2400  1000~1600 - 4200~4400  4200~4400 -
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Fig. 5 Land cover distribution and its composition of area ratio of each elevation zone on northern and southern slope
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Tab.4 Comparison of altitudinal distribution of land cover, climate and soil on south and north slopes of Mt. Qomolangma
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Tab.5 Comparison of altitudinal distribution of land cover and vegetation on the slope of Mt. Qomolangma
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Vertical variation of land cover in the Central Himalayas

ZHANG Yili">’, WU Xue"®, ZHENG Du'
(1. Key Laboratory of Land Surface Pattern and Simulation, Institute of Geographic Sciences and Natural
Resources Research, CAS, Beijing 100101, China; 2. CAS Center for Excellence in Tibetan Plateau Earth
Sciences, Beijing 100101, China; 3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The Qomolangma Mountain region within the Central Himalayas is characterized by
obvious altitudinal variation, habitat complexity, and land cover diversity. This region is
therefore one of the most sensitive areas to climate change in the world. Besides, because this
region has the most complete natural vertical spectrum in the world, it is ideal for studying the
vertical structure of alpine land cover. Utilizing land cover data for 2010 (30 m resolution)
along with digital elevation model outputs, three division methods were defined that encompass
the northern and southern slopes of Qomolangma Mountain. These comprised the ridgeline
method, the sample transect method, and the sector method. The study investigated altitudinal
distributions, similarities and differences, and changes in the degree of land cover on the
northern and southern slopes of the Himalayas area using the software ArcGIS and MATLAB
tools and division models. The main results of this analysis are listed as follows:

Firstly, the distribution of land cover in mountainous areas was characterized by an
obvious vertical spectrum structure, with the south- six and north- four pattern of vertical
spectrum of land cover in the Central Himalayas marked by the influence of human activities.
Secondly, zonal distribution was exhibited by forests, grasslands, sparse vegetation, barren
land, glaciers, and snow covers from low to high altitudes. It was markedly different in the
composition and structure of land cover vertical spectrum between the northern and southern
slopes of this mountain area. The vertical spectrum of land cover types on the southern slope
was complete and diverse, but it was relatively simple on the northern slope. The study shows
that given the same land cover type, the amplitude of elevation distribution on the southern
slope was wide, while that on the northern slope was narrow. The distribution of land cover
types on the southern slope was low. Thirdly, the results show that the area distribution ratio of
each land cover type varied with elevation according to change mode. Vertical distribution
patterns of land cover types on the southern and northern slopes were therefore divided into
four categories, with glaciers, snow, sparse vegetation, and grasslands conforming to unimodal
distribution patterns. The bare land also followed a unimodal distribution pattern on the
southern slope, but it followed a bimodal one on the northern slope. Fourthly, all kinds of
vertical belt structures and land cover divisions on the southern slope were similar, but they
were different from one another on the northern slope due to division methods. In comparison
with field survey data, results reported here for the sector method were more in line with the
actual situation.

Keywords: land cover; altitudinal zonation; Central Himalayas; Mt. Qomolangma; Mt.
Makalu; Mt. Cho Oyu



