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Fig. 1 Urbanization levels of autonomous prefectures/cities in Yunnan Province
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Fig.2 GDP and its growth rate of Yunnan Province from 2012 to 2021 (Quoted from "Report on the Development of Yunnan's Industrial

Structure Since the 18" National Congress Released by Yunnan Provincial Bureau of Statistics")
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Table 1 List of geological hazards at a large scale and at an extraordinary large scale in the alpine gorge areas of Yunnan
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Fig. 3 Zoning of geo-environment protection areas in Yunnan
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Table 4 Zoning types for Grade 3 protection area and protection targets

Bir T DIE RIS

Ho BRI B4 H A i

AT R AN =, Jeiis 2GSt iR 2R AR B3Pt nlE S

THEIX

RIS UL R BOVE s B3 AR D SO VR A7 — S TR a3 ) M i3

S5 I L, (EL AN S SR B X o PRI o i

FER LR Z N
PRIpIX

Mo SRS R SRR AT, SR A A S PR b B A A S8 A it 7 37
TRAP —FIIIX HBTERET, Bl TR BE 26 (G At s By 7 F AR e R J5 [ AR

Mo R ORI T, Dy B B (O BR A DX K, b BRERIRE A PRI FLABURK, AN
TSNS 85 B4 FAR R A IR BAN S Al Jot B35 1] At

H TR AE, 765 | A Hb ST A5 () A (R B, ot a2
FI) b A R

PRI I, e BRI TIT i Ak b, T A8 R 0, 5 IX 5241
PGB, 0 5 DX T U, S AR,
WEZE th A B Re i, L5 RMMA X () JE R B P
5, S
52 R, BIgMERET

ZH T IAET A2, =gl B Gl X)L
IR T Z2 AR MR B R SE IR B A L T A X, D
Ay BEAE LR DX, R I 3, M T —i8 H RS
N SCEEG 2T oW o 4% BRI T T Ak P b 35, 45
BT R, A 129 A B (T, D) R 5 &1 43
SRy L[] Z AR Ly b AR TR AT B TR | AT A 3
ARUSEPUZE . Horb, 18] 235 L 2 A7 ik K Bk 2 VT M LA
AN 1S I (T, 3 75 A B (T KO 5 4 F il X
3 N A SR TIEAT S Ll e SO NI R S5 iR T o)
FEERW . T S I RN L £0
P ST 3 PR A DX AY 15 A4~ B I 45 28 U 3
T LATRI 2 7 B b g v R 5 22 2 R R AT 1Y
WS, W R, BEN . s, ST, 7
SN . RERM | fl72 0 2 X 3R A 15 A~ EL (T ; 1]
A Yl Hb TR 388 T Ry AL A TR A — 0 S A A5 L 5 b X
AR TS AY, LURNR R D5 2L AL g i £,
G, M, K&, WaE T, v,
T, VT AE M Z0WII | ST RH | A
VLN A Xk 24 S EL(IX) o
53 MKEEEN, PHIEHRAERBREL £

WA A A R S T RIS B L R L KO
WL SRR, DABCRAT ., LR ZS (]
FER A, 3123 45 b 5T P45 3 RS [R) B2 B A 52 ), 5
BANF Y BT ), PRI, 4% 2R TR AR RO, il

T 3278 I AR RO R M Jo B 85 [ R 4 % 4 A 4
AT, i TREE Il REAT ROkELE | AMERITTHZ | 03
AR A R s BN R T AR R e B PR
() REUIES JSC ML B P 9T 42 Bl T, R I AL e ke A i B BE
W+ ZAERME B "GN B, TR DR AL,
b PRI B 47 22 B B R, A B UT R T K
M VAR E, T KA X FHIBS 55 Hh 3R AR
IR S TR

5.4 FRFMBEME B RIS, BEMBHNFL
b B ER 152 2]

PR Ml TR 5 0] R U O B R ] R, 7 A8
SRR RS o H ST M BRI R R A R AL
AL RO ZR AT 1), BRSBTS BT 7
TETAT LS I o B BB ol 30 2 T AR B0 1 SC B IR 1, s
T B e SBR[ AL

55 FRMFBIMRELZEAINTHEN, RUMFRIMEIL
EEEminiaE

TEA2 A8 B S DT R B PR R A P R 2
S A W AT, 7 Sl o B 5 AR R
A, BEE SIS IIEAR S % (H, i e s A 2R
(0 3 25728 Ak, Qo Ml BT PR A B B A AR R B 2 B
bR TR WFFE B S BRI 23R8 bR T A9l
RS2 R bR T R B AR, S S SO SR SRS
B froif BT AR, i A8 TR, SRS B T
T S AR TR SRR, K52 3R b 4 5 m] Rk
MR o

5.6 FELWHMASHEIMEMBALRE, ERXER
SR X

TEC VY 7 7 IR T G L SRR B s X, 3 T
B A L1 SE A U T U AR DRI L K 3t 9 K PR



1418 AR

2024 4E

21N AR I TRANGEINE 30| DN S R S T BB
JRIREE AR 0 A 2 R G, KA IR K LR FE, K i
AEZS KBTI AR R DIRE

FEARILSIL T RS BRGNS X . A=
RV NI AR 2R E B, W RN B, Kok,
SRR i, kG UL, K B (X)), AR ESS
b RS R K RS, KA AR S DT Ui
X IR 2 A i D

TEC T R L — TG L o PR G 555 X,
e JEURE T L DK R s 4 S L K, Ak T R LD R A
[EeRE AN D St G SN E) | INEAR TN INE LN TN
TR AR Ml DX, AR 553 1 5T B S A
AR, TR O DX K SR DO R B, K
LR B DA B S S IR R IR

6 4% it

(1) z= B 48 L sk it az sl 20, M TRV, 3
SRS, M2 M RRE | A B KA
TR SR T R VLR IR A )R ) (R 2R S TR
Yoo B i v b Jo B B3 [ A T 28 A 1 Ok,
JRFRIE AN R R BE A, A i o 2 A 2k

(2) A Prdr B A5, T SN F AR IR 1 S
S e, G R R AR e R rh L ORI A, i3
BB A S R N DR A SRR B A U F AR K
RIS, AT ML RR T A, JE o R X
ST AR ROK R G TT v JEUHIA | s
AN PRAF R R, 73 953 DRI 3 RAP R T IX, W
7 FBR S GO0, PR 4P A 8l 285 M D 5 7R 5, S B
A Bl TP W) A R R AR, O iR R
PR T AR Hh B M BB 5 )RR 3t 1 X5

() B B, AL A s, IR 4%
A, RIS o MR ILEE, AL SE T . TP
AT A B | M S PR R R A T 5, Bk
38 78 NI 200 i SR 35 14 52 o 5 SR s A, 9 1
B 5 SRR b A TR, TR A T PR R S AR
BB B, X T K JRE RN PR Ml B B 4
A+ AR S BT TR 1R AU L
SEGRINRN BAF5 e b SRR [

S 30k
[1] SRelvd, JRIR. 2 m A AL R SR ARRAIE | B A2 S et 5 (0],

(21

[31]

(4]

[5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

A, 2011, 27(12): 95-100.

GUO Kaifeng, SU Han. Yunnan urbanization development char-
acter, path, and strategy [J]. Planners, 2011, 27(12): 95-100.
M. 2 WA WAL IR vh SRS 4 58 KT Y e 2 4% SR
7 [D]. BB =i RAE, 2019.

WEI Yun. A study on spatial-temporal pattern of infrastructure
investment in the process of urbanization of Yunnan
Province[D]. Kunming: Yunnan University, 2019.

W8z I s D HLHI TR (1], Rl R
] (2FHERR), 2014, 8(5): 27-30.

PAN Qiyun. Research on dynamic mechanism of Yunnan moun-
tainous urbanization [J]. Journal of Yunnan Agricultural Univer-
sity (Social Science), 2014, 8(5): 27-30.

A ANRBUY. =4 E R AT R 2 & AT A AR
MR — O = FARE 5 HAR N Z[R]. m Bk (2021)4 %,
2021.

PR = 2 R R R SR T O] R R R,
2013(3): 55-60.

JIANG Zhihua. A performance analysis of Yunnan industrial
structure adjustment[J]. Academic Exploration, 2013(3): 55-60.
FEEE, Wi K. g 7 Ml S5 H R ST X 2 1 K B RN
G T B — 0 B o A O ik L)L RO R AR A
(A FAEEREEMR), 2012, 29(2): 90-94.

WANG Xiaoqin, PAN Hailan. Effects of the changes of Yunnan's
industrial structure on its economic growth in the perspective of
shift-share analysis[J]. Journal of Yunnan Nationalities Univer-
sity (Social Sciences) , 2012, 29(2): 90-94.

TR IR R TI B, 2 r A S AR T A b B P I3 )
R FEE T [R]. 2012, 12.

A = R ARAR R )], = B R R A 5T, 1998,
10(Suppl.1): 47-55.

ZHAO Weicheng. Discuss the geomorphological system of Yun-
nan[J]. Yunnan Geographic Environment Research, 1998,
10(Suppl.1): 47-55.

G, =T, 2w E YRR RS
At 2004.

DA ERBEE RS aAE. B R (M.
AR A, 1997.

WA, SRELES, s, JHAR B, A, 1. Zi A B ()
WK FR AL S SR B RGER [R]. Z R HHUTNE
B, 2010.

SRR . B L B Y DX e T I 3 B R AR 5
HAHTIT]. AT, 2022, 41(6): 880-894.

ZHANG Zongsheng. Origin and trend analysis of karst collapse

% (M), ZmRHE

in Huanggqi and Haibei communities, Foshan City[J]. Carsolog-
ica Sinica, 2022, 41(6): 880-894.

FLUC, ARG, WG IR DX A2 AR BT A TR B B 5 I
5 BRI ST LA ST T L BB 5 18 i 33 B R 5 R
B0, T, 2021, 40(2): 230-237.

QIN Jianwen, SONG Guangxiao, PAN Guangming. Cause and

law of karst collapse in the urban complex environment: An


https://doi.org/10.3969/j.issn.1006-723X.2013.03.011
https://doi.org/10.3969/j.issn.1006-723X.2013.03.011
https://doi.org/10.11932/karst20220603
https://doi.org/10.11932/karst20220603
https://doi.org/10.11932/karst20220603
https://doi.org/10.11932/karst2020y51

Fa3E Holl

T

B R A B P b BB R A 5 R X SR Y

1419

[14]

[15]

[16]

[17]

[18]

[19]

[20]

example of Beihuanxincun, Guigang City[J]. Carsologica
Sinica, 2021, 40(2): 230-237.

B, AU, BRI, B, MRS, XUV, T B ST
55 L PRI 2 5 1 A T LU KRB i B RIS (1. ]
AW, 2020, 39(4): 467-477.

HE Kai, LI Bin, ZHAO Chaoying, GAO Yang, CHEN Liquan,
LIU Pengfei. Identification of large-scale landslide hazards based
on differences of geological structure prone to sliding and multi-
ple-source data in karst mountainous areas[J]. Carsologica
Sinica, 2020, 39(4): 467-477.

T, BN, FRREE, A, MRS, A, sROTE, A
L DX BT 7 L DAL 1 A T8 R 1 A R L0 v A,
2020, 39(4): 492-499.

WANG Yu, HUANG Cheng, ZHOU Cuigiong, YANG Ying-
dong, XIAO Huazong, YAN Xiangsheng, ZHANG Lingze,
WANG Yugin. Review on the connotation and methods of emer-
gency investigations to geological hazards in mountainous
area[J]. Carsologica Sinica, 2020, 39(4): 492-499.

DHE RIS UEER D 2 A A AL O SR
TRFELR] (2006—2020 4E)[R]. 2006.

T, 5k, skBt, R, A 00HL, RO, 108, TR 2
A A EAL T KR EEER ], T EAHE, 2016, 35(5): 486-
496.

WANG Yu, ZHANG Hua, ZHANG Gui, PENG Shuhui, YANG
Wenli, CAI Baoxin, FENG Min, WANG Ziwei. Review of the
investigation and integrated renovation on rocky desertification
in Yunnan Province, China[J]. Carsologica Sinica, 2016, 35(5):
486-496.

T, kAR, akSE, T, SR, (1584, R ARB W IRRTI
MR AT X R I RELT). A, 2017, 36(3): 283-
29s.

WANG Yu, ZHANG Hua, ZHANG Gui, WANG Bo, PENG
Shuhui, HE Raosheng, ZHOU Cuiqiong. Zoning of environmen-
tal geology and functions in karst fault-depression basins[J].
Carsologica Sinica, 2017, 36(3): 283-295.

RAEL, WNE, DEE, Uik, AR T TR SR BT R X 7
R SE WIS LATRIN T e i X RS R K o 5] LO]. v B
74,2022, 41(5): 825-837.

WU Shengtang, JIANG Xiaozhen, MA Xiao, TANG Zhen.
Study on the delimitation of affected zone of geological environ-
ment for karst underground engineering: Taking Longgang dis-
trict, Shenzhen City as an example[J]. Carsologica Sinica, 2022,
41(5): 825-837.

kAR, E, w A, BEVERT, £, XA, REBEE, B OHE, B

[21]

[22]

[23]

[24]

[25]

[26]

B TV TR 2 Ml B PR S A KR R BRI AT O] o
A7, 2023, 42(4): 672-684.

ZHANG Hua, WANG Bo, GAO Yu, KANG Xiaoli, WANG Yu,
LIU Shaohua, KANG Xiaobo, LUO Weiqun, ZHAO Yong.
Research on genetic types and flow system characteristics of
wetland in karst fault basin, China[J]. Carsologica Sinica, 2023,
42(4): 672-684.

FHE 2, ZESCH, JESTHT, S . A ROK SO B LT B
EHAGME S B, B EEE, 2018, 37(1): 146-153.
WEI Yanlan, LI Wenli, ZHOU Lixin, BI Xueli. Construction and
application of geological information management system in
karst hydrogeological environment[J]. Carsologica Sinica, 2018,
37(1): 146-153.

F5F, oA, KT, BEIET, EFH, O, XE. IR A
MR PR RO AR AR (] P LA, 2021, 40(4):
644-653.

WANG Yu, ZHANG Hua, ZHANG Gui, LAN Funing, WANG
Xiuyan, WAN Long, LIU Hong. Construction of high-efficiency
exploitation and utilization model of water resources in karst
faulted basin[J]. Carsologica Sinica, 2021, 40(4): 644-653.
T B AV L X K S ST A 4 ) R A ] o
[EA7, 2023, 42(4): 627-635.

WANG Yu. Problems and their countermeasures in a hydrogeo-
logical survey of karst areas in South Chinal[J]. Carsologica
Sinica, 2023, 42(4): 627-635.

FELENE, £, TKAR, HRE VLR R R A K SCH BURRAE K
TR R 2 AT (1], Hh AT, 2013, 32(4): 398-403.
KANG Xiaobo, WANG Yu, ZHANG Hua, CAO Jin. Hydrogeo-
logic features and influence factors of zero flow of the Heilong-
tan spring group in Lijiang[J]. Carsologica Sinica, 2013, 32(4):
398-403.

kAR, REBEN, T, ST, FZRE, SEXUR, BT, TR,
TGS ZR. TFUZR T o AR DX A0 R 5 VA /K S Jo ) A A
XERAL ). T EETR, 2022, 41(5): 718-727.

ZHANG Hua, KANG Xiaobo, WANG Bo, CHAI Jinlong,
ZHOU Cuiqgiong, CAI Shuangle, HOU Xutao, HUANG Chen-
hui, PAN Xiaodong. Karst hydrogeological problems and coun-
termeasures of a proposed railway in plateau slope area of south-
east Yunnan[J]. Carsologica Sinica, 2022, 41 (5): 718-727.
TF. A T KR IR A SR 5 R 44T (30, b
U, 2020, 39(2): 137-146.

WANG Yu. Evaluation status and problems of groundwater
resource potential in Yunnan Province[J]. Carsologica Sinica,
2020, 39(2): 137-146.


https://doi.org/10.11932/karst2020y51
https://doi.org/10.11932/karst2020y51
https://doi.org/10.11932/karst20230404
https://doi.org/10.11932/karst20230404
https://doi.org/10.11932/karst20230404
https://doi.org/10.11932/karst20180109
https://doi.org/10.11932/karst20180109
https://doi.org/10.11932/karst20230401
https://doi.org/10.11932/karst20230401
https://doi.org/10.11932/karst20230401
https://doi.org/10.11932/karst20230401
https://doi.org/10.11932/karst20200201
https://doi.org/10.11932/karst20200201
https://doi.org/10.11932/karst20200201

1420 o A 2024 4E

Measures for the protection and utilization of geo-environment during the
urbanization in Yunnan

ZHANG Weifeng'™’, ZHANG Jie"***, DING Zhongkai’, KANG Xiaobo'*’, ZHANG Ruxiang"*’
(1. Key Laboratory of Geohazard Forecast and Geoecological Restoration in Plateau Mountainous Area, MNR, Kunming, Yunnan 650216, China;
2. Yunnan Key Laboratory of Geohazard Forecast and Geoecological Restoration in Plateau Mountainous Area, Kunming, Yunnan 650216, China;
3. Yunnan Institute of Geo-Environment Monitoring, Kunming, Yunnan 650216, China; 4. Faculty of Land Resources

Engineering, Kunming University of Science and Technology, Kunming, Yunnan 650093, China )

Abstract Yunnan, a province with a vast territory, is located in the southwest of China. It serves as a convergence
zone for the Eurasian Plate, India Ocean Plate, and Pacific Plate. The western part of Yunnan belongs to
Tethys—Himalaya orogenic belt, which exhibits strong crustal activities, while its eastern part falls into the stable or
semi-stable platform and portions of the Pacific Plate. Yunnan subordinates both the Qinghai—Xizang Plateau and the
Yunnan—Guizhou Plateau in terms of geomorphology. It is one of the youngest, most active and continuously rising
plateaus, and also an area characterized by rare grand canyons. In this area, strong tectonic movements and frequent
magmatic activities have formed many geomorphologic landscapes such as plateau lakes, stone forest landforms,
volcano vestiges, Sanjiang gorge in the northwest of Yunnan, and hot springs in Tengchong. However, the geological
conditions in Yunnan are generally complex and highly fragile.

Since China's reform and opening-up over the past 40 years, Yunnan's economy has achieved great progress, and
its urbanization has developed rapidly. However, while enjoying various convenience brought about by economy
development, people from different ethnic groups in Yunnan are also facing a range of geo-environmental issues.
These include declining water levels, drying water sources, rising snow lines, and other geological disasters. Therefore,
finding ways to reduce or prevent the occurrence of geo-environment problems and to protect geo-environment during
urbanization has become an important issue.

This study uses a comprehensive research and analysis methodology. The entire area is categorized into six major
water system basins, serving as the first-level protection unit, plateau-lake basins as the second-level protection unit,
and key geological relics as the third-level protection unit. Additionally, the area can be divided into development,
protection, and utilization zones, each with clearly defined protection goals and levels corresponding to each unit
within the zone. In this study, we have put forward measures for the protection and utilization of geo-environment
during the urbanization in Yunnan. We will strengthen research on the coordinated development model of urbanization
and geological environment, and focus on areas with fragile geological environment. The key areas of geological
environment vulnerability and sensitivity in Yunnan Province are divided into three major regions: the geological
environment vulnerability zone on the southeastern edge of the Qinghai—Xizang Plateau in northwest Yunnan, the
geological environment vulnerability zone in the dry-hot valley of the Jinsha river in northeast Yunnan, and the
geological environment vulnerability zone between Ailao mountain and Wuliang mountain in southern Yunnan.

In order to protect and utilize geo-environment, it is essential to enhance comprehensive dynamic monitoring of
the geo-environment in urban areas within the area. This includes setting reference values for dynamic monitoring
indicators and accurately capturing the changes in geo-environmental elements over time. We should promptly initiate
the comprehensive protection and management of the geo-environment. Through human intervention, we can select
appropriate engineering and non-engineering measures to restore the capacity and ensure the sustainable utilization of
the geo-environment. The development of urban areas should be grounded in the characteristics of the geo-
environment and aligned with the advantages of geographical resources. Additionally, effective national spatial

planning should be implemented. Most towns can be typically constructed in basins and river valleys, where the terrain



Fa3E Holl TKTEESE: M e P B RS A S R A SR 1421

is more expansive, while a smaller number can be constructed on slopes of mountainous areas. This mountainous
terrain will create a magnificent landscape that harmonious blends nature and culture. According to the terrain and
landform conditions, cities and towns can be categorized into four types: mountain basin, mountain slope, valley basin,
and valley slope. This classification aims to facilitate the development of aesthetically pleasing urban areas. In the
future, research will focus on geo-environmental issues, including key points, hotspots, and challenges. The scientific
understanding of how human activities impact the geo-environment, the implementation of coordinated development
between urbanization and the geo-environment, and the enhancement of comprehensive three-dimensional protection
and governance of the geo-environment are crucial for the advancement of urbanization and the effective protection of
geo-environment. The mechanism behind the formation of geo-environmental problems should be studied in order to
prevent geo-environment from exacerbation or occurrence. Studies should be conducted to promote sustainable
development that balances urbanization with the geo-environment and to propose effective countermeasures for

addressing geo-environmental problems.

Key words urbanization, geo-environment, dynamic monitoring, measure, protection and utilization, Yunnan
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