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Spatial and temporal heterogeneity of climatic landscape in Yunnan Province in
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Abstract: This study analyzed temperature and precipitation data from 119 meteorological stations in Yunnan Province
(1951—2020) . The research applied the Képpen-Geiger classification system combined with landscape pattern analysis to
investigate the spatio-temporal dynamics of climate landscapes over the past seven decades. The results indicate that Yunnan
Province is primarily characterized by three climate zones: warm temperate (C), cold temperate (D), and polar (E),
with the warm temperate zone ( C)accounting for the largest proportion. Within these zones, nine distinct climate subtypes
are identified: Hot Summer Dry-Winter Warm Temperate Climate ( Cwa), Mild Summer Dry-Winter Warm Temperate
Climate (Cwb), Hot Summer Humid Warm Temperate Climate ( Cfa), Mild Summer Humid Warm Temperate Climate
(Cfb), Hot Summer Dry-Winter Cold Temperate Climate ( Dwa), Mild Summer Dry-Winter Cold Temperate Climate
(Dwb), Hot Summer Humid Cold Temperate Climate (Dfa), Mild Summer Humid Cold Temperate Climate ( Dfb), and
Polar Tundra Climate (ET), with Cwa and Cwb being the most widespread.Over the past 70 years, although the overall
spatial distribution of these climate zones has remained relatively stable, significant fluctuations in areal proportions across
zones were documented . Notable changes include shifts in the composition, area proportions, landscape patterns, and
spatial distributions of the climate subtypes, particularly the emergence and expansion of hot summer subtypes. A significant

trend is the conversion of large portions of Cwb areas to Cwa. Additionally, the maximum patch area of climate landscapes
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has decreased, patch shapes exhibited increased irregularity, and landscape fragmentation has increased. Furthermore, both
Cwa and Cwb zones have shown a clear northward shift.This analysis of the spatio-temporal changes in climate landscapes in

Yunnan Provinceoffers critical insights into climate change impacts on regional biodiversity distribution .

Key Words: climate of Yunnan Province; Koppen-Geige; landscape index; spatio-temporal heterogeneity of

climate landscape
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Fig.1 Distribution of meteorological stations in Yunnan Province
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Table 1 Koppen-Geiger climate symbol and standard

S S TR B AR R R
Climate zones  Climate type Climate Criteria Description .Chmatlc zones -and subtypes
sul)lypes m Yunnan provmce
A T,a=18 C
Tropical (A) P R ARS A (AL Pdry =60 mm —FR A
s B RS (Am) NOT (Af) & P, =(100-MAP/25) mm  -Z2JK
P B R (Aw) NOT (Af) & P, <(100-MAP/25) mm - FL4¥
5 MAP <10XP .ol
Arid(B) VIS A (BW) MAP <5XP,. o bk
RS (BS) MAP =5%P cihod —H i
#(h)  MAT =18 C -
% (k)  MAT<18 C %
R T >10 C & 0<T,,,;<18 C W R
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KT SME(Cw) Py <Poa”/10 — TR
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7 Y A= Al
BE () T,,222C R R Eigiﬁﬂﬂﬁﬂﬁ%
N SE O A Y Az,
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Cold(D) HFLIEAE(Ds) Py, <40 mm & P, <P, /3 _TREE
AT A5 (Dw) Py <P/ 10 - THAR
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F24(d) NOT (aorb) & T,,,<~38 C _FEBER
b T, <10 C W S A
Highland(E) &S5 (ET) T >0 C -H 5 e D S A
VKSR (EF) Ty < 0C -FER

MAP . 4F - ¥ [ 7K it Mean annual precipitation/mm ; MAT: 4F -3 Jid Mean annual temperature/°C ; T, : fic # H ik Temperature in the
hottest month/°C 5 T 14 AR Temperature in the coldest month/°C; T, .10 AEE T 10°C B9 H %L Number of months in which the temperature is
above 10; P(h.y 5 H AYREIK Precipitation in the driest month/mm ; Psdr} Eﬂfﬂ‘:( Jb2kek 4 29 A) T 5 HBIFEK Precipitation in the driest
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M 70% VL I B AERE K KA AE A AERT T 70% of the MAP occurs in winter, then P
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threshold = 2XMAT 5 24 70% L4 L B FE K KA 46 B 24F If 70% of
=2x MAT+28 ; HABMEHL Otherwise, P =2x MAT+14; NOT3F Not; &:Hl And

the MAP occurs in summer, then P threshold =

threshold
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Table 3 Percentage of Koppen-Geiger climate zone area in Yunnan Province

¥ i SEAY Years
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Polar climate zone(E)

3.4 BRI SO SR R AR LA

1951 4% 2020 4R (0], 25 B A AU S0 & Az B I A8 Ak, 0 S50 OB e 1 AR/ IR 2 4 Ak e fb A
INEE , Ee RBEH T AE ST FRE, LPTHE 2O 62.7% TR 40.7% ; TR MRE W 2 2%, LS $5 8092 1T, i 32.8 3%
TN 37.09 5 M S AEZS 0] 23 A L9 3% 53 PR AR rh B85 , CONTAG F84U7E 1951 % 2000 4[] R I H LT+

http ; //www.ecologica.cn



13 441 I IT S i wiy o B s KSR 73 VB I R Er D e SR RO/ 7

1951—19604% 1961—19704% 1971—19804%

‘
i
i
i

s 28 & 2 £ K sesegegek
3 =
5 & 00 g am EEO0T0ggaaH
2011—20204¢
0 200km
I

-:I:l:? AR ) RAX
A [Sa]

Cwa
Cwb
Cfa
Cfb
Dwa
Dwb

B3 1951—2020 £ E S+ £ Z# 4 Koppen-Geiger RIS ZER =S HREL

Fig.3 Spatial distribution and changes of climate landscape of Képpen—Geiger subtype in Yunnan Province during each decade from 1951
to 2020
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Fig.4 Proportion of Koppen-Geiger climate subtype area in Yunnan Province
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Fig.5 Climate landscape type area conversion map from 1951 to 2020
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