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Fig. 1 Different regionalization schemes of the northern border of the tropical zone of China's mainland
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Fig. 2 Annual average values of main climatic indexes of the tropical zone of China's mainland from 1981 to 2010
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Tab. 1 Detection results of the delineation index of the northern border of the

tropical zone of China's mainland (q value)
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Tab. 2 Geographic detection power of the main regionalization indexes of the northern border

of the tropical zone of China's mainland (g value)

% H3IR(°C) gld ZAEFH H HR(C) Al B R (°C) gfi
12 0.60 19 0.57 0 0.38

13 0.48 20 0.53 1 0.30

14 0.34 21 0.51 2 0.23

15 0.26 22 0.31 3 0.16

16 0.22 23 0.17 4 0.11

5 0.08
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Fig. 3 Value range of main climatic indexes for the regionalization of the northern border
of the tropical zone of China's mainland
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Fig. 4 The new northern border of the tropical zone of China on maps of soil type and multiple cropping
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Tab.3 Geographic detection power of the main regionalization indexes of the new
northern border of the tropical zone of China's mainland
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Fig. 5 The northern border of the tropical zone of China with different regionalization schemes and soil type distribution



1] AR S ST ORI A b [ Rl A L SRS 143

PG ARLLEMZLE R TR R . F35b, HAL PR TG B SR o el 3R ], [ st 3
i DRTTER 155 O J&] DA il ST T Hh o AR £, AN R LI S e 188 DAy 5 vt 5 U J] D A4
i DAARZLIE N TR ol KO B iR B X

TE A SRR A T5 T, PR AE RS A X i PR AR ER . —
A AR /N T 300~350 m B - HUAB AT T Ay PERELBE, i Mt PR AR 1 ARy R AR
BN IR o PR B BB bR o (RS2 NI Sl IR miay v [ R0 0 M X 4 S A e e
RAZATAES, MR brifErh S E 25 8RR . 2T EW R A AR OL S AR ot
PRI, A DX 5 58 r 3 s 11 A DX 38 PRy 329 DA XU A OO 2 A A T 1
AR5 5 AT S 85 77 58 R 37 58 1) 5 2 AR 5 X0 R sl X R 2 1 il P A
OB BREFE RPN RLAY G, MG,

4 ghig SR

4.1 Zig

WELEA AR XN 3 R IR R 2i AN A, SE T Hb BRI 2848 7R 412 5
PERRS S, DA E R N EEATE bR, BLL 828R RS R A E Y Gk 45, B AR
] DX 3 7 ZE AU, 3z FH BRI 25 5 400 o3t T AT e b i A 0% v [ i b Ay
JeA AL, Ho. © hEZEE AR KRR 5 1 I A AR AR 0 R
MEER, UM IR . R A IR A3 A B3R M52 e R U g ) g (B ok
K, KU 3R AR o E#E AL R L B F 252, H BB S BT 5 WA P
DX 35 11 )2 PN e K [ o A )2 (B e R S it s ) AR PR AR i e AR . 5ed® H SR A 241
SEH47 H ¥ 3 T R B AR I, o DL H 3 12 CCRYHB BRI g (A e R
(g =0.60), R AIEEEX R, Bk THEH 12 CHEREL L 5 R AEY#
HMEIE, Sl b E AL R R L, HRE PG AR RIS HE e . B, £
BAAIE, HEARMEME G, Dl AR, TAREEDR . ML BN IR A
I, K B A FE A SR RIS T SRR, i R I 2 B UE % R AR bR g (I E N
0.40, FEMPLE Sfesk, HIELAFEPR p (E38 11 0.001 AKF T A2 E SRR, DR
WA DXk S s B Bk P b 5, REUE + 3R A N AR S 238 o A, A
Yyl J5 T -5 A R s O A A R AR (X)) A A i AR R o R A
W6 o
4.2 itig

AT H T T R R X2 SRR, Rl E S L AR IR
FAEWE . VR 2 X R 25 BB TI0NE, T HE 0 vp [ i b iy J b R 2R ST 5682
5N T R B AR VE B /N, R S O R A R R I W Ak, HE
F AR RN R A SCR A R AT S 2T B, TR ARy A O &
GNHEE TAR IR S 2037 B PR A SRR, M BRI SR B 45 2 T 1) & R L5
Jrik, ATEINRRE . BRI SRS R LR B AR X R A R SR M, EeE TS HAA
X RIAHFFE .

AR EE R AP TR HE— e 2 Al . © ASCRE ) E e Je AR L, e 4t
T ORI 5 P 8 7R 19 23 (8] 53 SR A 2 1, SR 27 VR I F U T {5 25 21 0 i i 5 LAtk
O MR SR bR, WA 1A T AR5 L DX R 45 TR R R B b R 7 5
M, [F) A ABE AR R M 25 () 5 0 M i 20048 22 48 A DR A A B ERUE DR B IX S 28 5 FRAE Y




144 Mo O 4R 724

255, WOB A IRERI S AL T L5 RIS R XTI T S @ T Hpie
VER A 45 2 AR AR RS e S iRl 2, (LA SE 4 R WU aiE, HLHO Ui B L B
AR ERYE™, SRR A BRI R R R, IR AR B R S AR
WA, Wimseebl e, g AR S T X T RE S A e — iR,
VERNZ 5 (R BIPESR PR S B, FEZRG H AR IXA) 2 E R AE AR DA O 3 IR R
Ay @ AT GIRKIEE . WPER DRI AL, ARBRER G A SR DX Y X Jl s [R) i 4
PEIEN] (XIRILHEIEN ), SOREA F AR DCORAF e B A 3 k™ ™, HfE At
2R E N O PR B WL DR Y SR 2R S R 2 R 25 T 20 SR i o S B G, BTN = M st
FI/INTAGRE S 1 PR /N ) R S St as R AP AE , I g PUR AL 43 270 e S
TRAESE R . VU EEBAE K Bt P R B vl -l DX RT AR AR P SR A P V), IHORE 2 PRI
AR SN RUBE R TPl DR Y B B R 2 — - () B 5 SR 22 1) B B A e S A
FAE, SN —EA TSRz h, RIERGAERIRR 2R 2R, R[E R REE
NI RRSEAR I FAE—E 225, ANFITFEI o i B AL R AR, (H R G
R A AL N XA AR S R B G, RN JL AN R — 25 sl R [ e AR 2R,
Wi, fERBRARRE R T, AL SEid gt — B M A5

Brigt: rhEREBE PR S BRI TR B AN SR AT BRI S D3 A5 B R R GO AR SR T R LA
H, R

5 2% ik (References)

[ 1] Bailey RG. Delineation of ecosystem regions. Environmental Management, 1983, 7: 365-373.

[2] Bailey R G, Zoltai S C, Wiken E B. Ecological regionalization in Canada and the United States. Geoforum, 1985, 16:
265-275.

[3] Zheng Du, Yang Qinye, Wu Shaohong. Physical Geography Pandect in China. Beijing: Science Press, 2015: 339-347.
DB, Al SRk, vl [ AR M3 EOR. dbat: Blef b kL, 2015: 339-347.]

[4] Luo Kaifu. A preliminary study of China's natural geographical zone. Acta Geographica Sinica, 1954, 20(4): 379-394.
(PIFw. P H R X BLEE. M P24, 1954, 20(4): 379-394.]

[ 5] Huang Bingwei. A preliminary study of China's comprehensive natural regionalization. Science Bullitin, 1959, 9(18):
594-602. [HiSfe4E. HEZES AR R FLSE. Bl2Eilk, 1959, 9(18): 594-602.]

[6] Ren Mei'e, Yang Renzhang. Some issues on China's natural regionalization. Acta Geographica Sinica, 1961, 27: 66-74.
UE2E%5, 2w, i B AR R )L HBEREAR, 1961, 27: 66-74.]

[ 71 Ren Mei'e, Bao Haosheng. China's Natural Regionalization and Development. Beijing: Science Press, 1992. [{£:364%, {1
R i BRI KA. st Bt i, 1992.]

[ 8] Xi Chengfan, Zhang Junmin, Qiu Baojian, et al. China's Natural Regionalization Profiles. Beijing: Science Press, 1984.
DR, SR B, R0, 55, e A AR RIMEE. Jbat: Bz, 1984 ]

[ 9] Hou Xueyu, Jiang Shu, Chen Changdu. Opinions on development orientation of agriculture, forestry, livestock farming,
sideline and fishery of each natural region of China. Science Bullitin, 1963(9): 8-26. [#Z24 4%, 224, R B4, X T
B FARIX IR AR PRI Tl & e T B . B2 4, 1963(9): 8-26.]

[10] Zhao Songgiao. A new scheme for comprehensive physical regionalization in China. Acta Geographica Sinica, 1983, 38
(1): 1-10. [BAAAFF. HIEZEA AR R —AHr . HhE2A4), 1983, 38(1): 1-10.]

[11] Fu Bojie, Liu Guohua, Chen Liding, et al. Scheme of ecological regionalization in China. Acta Ecologica Sinica, 2001,
21(1): 1-6. [FEAAZS, XU, AT, 45, R A S KR 5. 445244, 2001, 21(1): 1-6.]

[12] Oliver J E. The history, status and future of climatic classification. Physical Geography, 1991, 12: 242-246.

[13] Koppen W. Klassifikation der klimate nach temperatur, niederschlag, und jahreslauf. Petermanns Mitteilungen, 1918, 64
(193): 193-203.

[14] Pelzer K J, Gourou P, Laborde E D. The tropical world. Pacific Affairs, 1955, 28(4): 383.

[15] Walter H, Breckle S W. Ecological Systems of the Geobiosphere 1: Ecological Principles in Global Perspective. Berlin:

—



1] AR S ST ORI A b [ Rl A L SRS 145

Springer-Verlag, 1985.

[16] Bridges E M. World Soils. Cambridge: Cambridge University Press, 1978.

[17] Terjung W H, Louie S F. Energy input-output climates of the world: A preliminary attempt. Theoretical & Applied
Climatology, 1972, 20(2): 129-166.

[18] Tang Yongluan. Basis and demarcation of tropical and subtropical China in the view point of geo-flora. Collection of
Plant Ecology and Geo-flora, 1964, 2(1): 135-143. [JF K28, MHuALH =10 £ BE VS K] 43 B SAGHT FEAGHT A e R H:
SRR IRDEL AR AS S MR AT, 1964, 2(1): 135-143 ]

[19] Yu Xianfang. Delineation of tropical boundary in China. Tropical Geography, 1981(4): 8-14. [4X .55, J& T3k FE#vis A
LRIRIAF RS Py b, 1981(4): 8-14.]

[20] He Dazhang, He Dong. North border of tropical climate of China. Acta Geographica Sinica, 1988, 43(2): 176-182. [{af &
T, AR FRE PG AL AL S B2, 1988, 43(2): 176-183.]

[21] Zheng Du. System Research of Ecological Geographic Area in China. Beijing: The Commercial Press, 2008: 132. [
B hEAE S X SR GRS, J0AT: B55ERAE, 2008: 132.]

[22] Tan Ruiwei, Zhang Shenglin. A study on the north boundary of the south subtropical zone in mid Guangdong. Tropical
Geography, 1986, 6(3): 193-200. [#5i5iH, 5K 745 #. j WA LA A B o AT, iy LB, 1986, 6(3): 193-
200.]

[23] Zhu Kezhen. Subtropical area of China. Science Bulletin, 1958, 8(17): 524-528. [“& 0] 1. v [& A4 3V 4y Bl2# 10 4R,
1958, 17: 524-528.]

[24] Ren Mei'e. China's approximate tropical zone. Journal of Nanjing University (Geography), 1962: 29-34. [{T:3&4%. 1 [&]
HOERAT . BT K2 i (B 2F), 1962: 29-34.]

[25] Ren Maie, Zeng Zhaoxuan. The extent of tropical zone in China. Scientia Geographica Sinica, 1991, 11(2): 101-108, 97.
[ESE42, S AT, 18 h E P (USSR, 1991, 11(2): 101-108, 97.]

[26] Hou Xueyu. Chinese Vegetation Geography. Beijing: Science Press, 1988: 183-185. [{Z2£ 4%,  E A g b BL. Jb ot Bl
27 R, 1988: 183-185.]

[27] Zeng Zhaoxuan. China's tropical place. Geographic Knowledge, 1962(1): 12-14. [¥4 W7 FiE. [ [ #H7 b 7. HaEE 1R,
1962(1): 12-14.]

[28] Zheng Du, Fu Xiaofeng. A preliminary study on issues of integrated geographical regionalization. Scientia Geographica
Sinica, 1999, 19(3): 2-6. [P, /N, S TFL5 A M X RIS M BUAOHR . R, 1999, 19(3): 2-6.]

[29] Huang Bingwei. Study on tropical limitation of China: I. Definitions of tropical and subtropical in the world. Scientia
Geographica Sinica, 1992, 12(2): 97-104. [#3R4E. 5C T rp [EHAHT AL LIE PR RGHFFIE R E . MR,
1992, 12(2): 97-104.]

[30] Zhong Gongfu, Huang Yuanlue, Liang Guozhao. Characteristics and regional diversity of tropical China. Acta
Geographica Sinica, 1990, 45(2): 245-252. [#h U AT, BIEms, H2 M. op [ AGHPRAE O DI S s B2, 1990,
45(2): 245-252.]

[31] Zhang Baokun. Climatic Regionalization of China. Beijing: National Commission on Atlas Compilation, 1965: 197-
201. [T AR dbat: E M R RS ZE D1 4%, 1965: 197-201.]

[32] Chinese Academy of Sciences, Editorial Committee of "China's Physical Geography". China's Physical Geography (The
Fascicule of Pandect). Beijing: Science Press, 1985: 187-197. [FFERl2= B¢ F H SR BL ) ZR 4822 51 25, " E H 2k
HRCEIB A, At Bl At 1985: 187-197.]

[33] Qiu Baojian. The northern border of tropical zone in China. Scientia Geographica Sinica, 1993, 13(4): 297-306, 391. [
FOI. R T HEBGT AL, IR, 1993, 13(4): 297-306, 391.]

[34] Liu Peilin, Liu Chunla, Deng Yunyuan, et al. Landscape division of traditional settlement and effect elements of
landscape gene in China. Acta Geographica Sinica, 2010, 65(12): 1496-1506. [XIilitk, XM, XFia b1, 2. EESE
RIE SO R B SOTE AU SR WFFY. #2241, 2010, 65(12): 1496-1506.]

[35] Liu Weidong. Land type and comprehensive physical regionalization in Jianghan Plain. Acta Geographica Sinica, 1994,
49(1): 73-83. [XI AR, YLICE IR+ 2R 5285 B AR IX K. M P24 417, 1994, 49(1): 73-83.]

[36] Ding Yuguo, Zhang Yaocun, Liu Jifeng. A new cluster method for climatic classification and compartment using the
conjunction between CAST and REOF. Chinese Journal of Atmospheric Sciences, 2007, 31(1): 129- 136. [ T # [, 5k ##
A, XTI, — T i) e s B IR s k. AR, 2007, 31(1): 129-136.]

[37] Miao Qilong, Li Zhaoyuan, Dou Yongzhe. Analysis of the major components of the climate and its demarcation in
Shaanxi Province. Geographical Research, 1988, 7(2): 87-93. [ )3 ¥, 25k 2, S . P& S MM £ N0



146 Mo O 4R 72 %

X &I s ERAFST, 1988, 7(2): 87-93.]

[38] Cong Weiqing, Pan Mao, Li Tiefeng. Uncertainty reasoning and its application in the slope geological hazard zonation.
Acta Scientiarum Naturalium Universitatis Pekinensis, 2007, 43(2): 891-302. [M\ELE, WRAH, 2R84, NH0 & PEHERE )2
FAERBE b 5 A e DX TP i BT, JL st R (1 SRR ), 2007, 43(2): 891-302.]

[39] Huang Jiao, Gao Yang, Zhao Zhiqiang, et al. Comprehensive physiographic regionalization of China using GIS and
SOFM neural network. Geographical research, 2011, 30(9): 1648-1659. [, =1 FH, #X&55%, 45, 3T GIS 15 SOFM ¥
R ELZE A B AR IR, HIBRETFST, 2011, 30(9): 1648-1659.]

[40] Chai Huixia, Zhou Chenghu, Chen Xi, et al. The new methodology of geomorphologic zonalization in Xinjiang based
on geographical grid. Geographical Research, 2008, 27(3): 481-492. [4E 555, JEIAUFE, ki, 55 38 T b BRAK I 10 7 i
SR X R 5 9B, ST, 2008, 27(3): 481-492.]

[41] Kuang Lehong, Liu Baochen, Yao Jingcheng. Research on regionalization of debris flow risk degree with fuzzy and
extension method. Journal of Catastrophology, 2006(1): 68-72. [[EARZL, X FER, Wkat bl T vl #0  kn0Je 4 i
s BE X RIBESE. K FE2, 2006(1): 68-72.]

[42] Li Shuangcheng, Xu Xuegong, Cai Yunlong. Method research and discipline development of physical geography.
Bulletin of the Chinese Academy of Sciences, 2011(4): 399-406. [ZEXU, V241, 558 Jp. [ AR M B4 )5 o8 5%
B thERFAREBE T, 2011(4): 399-406.]

[43] Wu Shaohong, Yin Yunhe, Fan Jie, et al. Retrospect and prospect of regionalization system of China. Geographical
Research, 2010, 29(9): 1538-1545. [ 541k, TH 208G, A7, 46, Ml R GeWhoe 40 5 & e, BT, 2010, 29(9):
1538-1545.]

[44] Wang Jinfeng, Li Xinhu, Christakos George, et al. Geographical detectors- based health risk assessment and its
application in the neural tube defects study of the Heshun region, China. International Journal of Geographical
Information Science, 2010, 24(1): 107-127.

[45] Liang Peng, Yang Xiaoping. Landscape spatial patterns in the Maowusu (Mu Us) Sandy Land, northern China and their
impact factors. Catena, 2016, 145: 321-333.

[46] Wu Rina, Zhang Jiquan, Bao Yuhai, et al. Geographical detector model for influencing factors of industrial sector
carbon dioxide emissions in Inner Mongolia, China. Sustainability, 2016, 8(2): 149.

[47] Li Xuewen, Xie Yunfeng, Wang Jinfeng, et al. Influence of planting patterns on fluoroquinolone residues in the soil of
an intensive vegetable cultivation area in north China. Science of the Total Environment, 2013, 458-460: 63-69.

[48] Wang Jinfeng, Hu Yi. Environmental health risk detection with GeogDetector. Environmental Modelling & Software,
2012, 33: 114-115.

[49] Liu Yansui, Yang Ren. The spatial characteristics and formation mechanism of the county urbanization in China. Acta
Geographica Sinica, 2012, 67(8): 1011-1020. [ X1 2 Ffi, ¥ 2. v ] B3 Ak ) 23 (8] RRAE 5501 UL AL b B 2 417,
2012, 67(8): 1011-1020.]

[50] Yang Ren, Liu Yansui, Long Hualou, et al. Spatial distribution characteristics and optimized reconstructing analysis of
rural settlement in China. Scientia Geographica Sinica, 2016, 36(2): 170-179. [#4 2, X|EZ K, WACRE, &5, P EF 45
[0 AR K 25 (R AL B2 BT, Hb 3B, 2016, 36(2): 170-179.]

[51] Hu Yi, Wang Jinfeng, Li Xinhu, et al. Geographical detector-based risk assessment of the under-five mortality in the
2008 Wenchuan earthquake, China. PLOS ONE, 2011, 6(6): e21427.

[52] Luo Wei, Jaroslaw Jasiewicz, Tomasz Stepinski, et al. Spatial association between dissection density and environmental
factors over the entire conterminous United States, Geophysical Research Letters, 2016, 43: 692-700.

[53] Wang Jinfeng, Zhang Tonglin, Fu Bojie. A measure of spatial stratified heterogeneity. Ecological Indicators, 2016, 67:
250-256.

[54] Wu Shaohong, Zheng Du. New recognition on boundary between tropical and subtropical zone in the middle section of
eco-geographic system. Acta Geographica Sinica, 2000, 55(6): 689-697. [ 5= 277k, KL, A= 25 s B X I 25 48 i iy b
T Be SR B, HiBE2EH), 2000, 55(6): 689-697.]

[55] Qiu Baojian. China‘s tropical, subtropical, and temperate. Journal of Henan University (Natural Science Edition), 1993,
23(4): 11-12. [FE 8. P E AYHGHE BT FITEAT . T R Ksf 2l (A SRR #Ji), 1993, 23(4): 11-12.]

[56] Xiong Yi, Li ngkul. China's Soil. 2nd ed. Beijing: Science Press, 1987: 15. [RES, 4= pkiz. thE £ 1. 2 . Jbat: B}
22 AL, 1987: 15.]

[57] Wu Shaohong, Zhao Yan, Tang Qiuhong, et al. Land surface pattern study under the framework of Future Earth.
Progress in Geography, 2015, 34(1): 10-17. [ZeZ0 3k, B, AR, 4. Wil AR MR T30 1 il b 3R 24 S i 5. i



1] AR S ST ORI A b [ Rl A L SRS 147

TR PR, 2015, 34(1): 10-17.]

[58] Wu Shaohong, Luo Yong, Wang Hao, et al. Climate change impacts and adaptation in China: Current situation and
future prospect. Chinese Science Bulletin, 2016, 61(10): 1042-1054. [ =gk, & 5, Tk, 45, v RS eAs b g ) Hid
N AR, B, 2016, 61(10): 1042-1054.]

[59] Wu Shaohong, Liu Wenzheng, Pan Tao, et al. Amplitude and velocity of the shifts in the Chinese terrestrial surface
regions from 1960 to 2011. Chinese Science Bulletin, 2016, 61(19): 2187-2197. [ 47k, X1 SCH, &8, %5 1960-2011
AP o Bl 352 X R B B R, B, 2016, 61(19): 2187-2197.]

Delineation of the northern border of the tropical zone of
China's mainland using Geodetector

DONG Yuxiang"?, XU Qian', YANG Ren', XU Chengdong’, WANG Yuying'
(1. Guangdong Provincial Key Laboratory of Urbanization and Geo-simulation,
School of Geography and Planning, Sun Yat-sen University, Guangzhou 510275, China;
2. Xinhua College of Sun Yat-sen University, Guangzhou 510520, China; 3. LREIS,
Institute of Geographic Sciences and Natural Resources Research, CAS, Beijing 100101, China)

Abstract: The northern border of the tropical zone of China has been the focus of studies on
comprehensive physical regionalization. Based on different indexes and methods, the border
was delineated by different scholars, but their results varied greatly. Based on the Geodetector
model and regionalization thought of spatial stratified heterogeneity, the northern border of the
tropical zone of China's mainland was investigated. Climatic elements were used as dominant
demarcation partitioning indexes, combined with auxiliary indexes such as soil and multiple
cropping types. The key results were as follows: (1) Using Geodetector, the northern border of
the tropical zone was delineated. From west to east, the border goes through Lincang, Simao,
Yuxi and Gejiu in Yunnan, Baise, Mashan, Guigang and Wuzhou in Guangxi, Zhaoqing,
Guangzhou, Huizhou, Heyuan and Meizhou in Guangdong, and Zhangzhou, Quanzhou and
Putian in Fujian. It generally agrees with the 12°C isotherm of the coldest monthly mean
temperature, soil border between lateritic red soil and red soil, and border of double cropping
rice or its continuous thermophile dry framing and single (double) cropping rice or its
continuous chimonophilous dry framing. (2) The q average value of all indexes for the border
was 0.40. Using this model, regionalization principles—homogeneity of the within-strata value
and heterogeneity of the between- strata value—were satisfied. The border meets the
requirements of zonal heterogeneity between tropical and subtropical zones. Therefore, it is
reasonable to use Geodetector in studies of comprehensive physical regionalization, and it can
provide high-precision technical support.

Keywords: Geodetector; the northern border of tropical zone; comprehensive physical
regionalization; China



