576 55 730 Hi B 22 R Vol.76, No.7
202147 ACTA GEOGRAPHICA SINICA July, 2021

=T EIB/RE SRR HARS M A

BEAVEREF PEELL B K
(1. AU R 5 A5 WA 25 R A S0 8, bt 1008755 2. Atk B TR bl 5
HOERZEIRE 2, s 9990775 3. AU BT I Ky b B 225 3 s BB 5 7 A8 ey , AL 5T 1008755
4, EF RS EREBEE TG, AERT 1001015 5. AR KAk 5 KRR 2B, LI 2100465
6. VG B 20 K MR R 2 SRS TR B, BT 611756)

W DL AT R R MR I 7 Y = ORFE , Jerh 2 R PRI ST B 7 RBR A
WS . RN RGN B O bR, FEBESE T FIRE X A A st B 2 A
o ATAFAR MBS TR A B SR RO SR 258 B (B8 o B A S 4R T 1872 4F 2
F AR TR RO  (HE A 2 A W IS A R R . HORSTE T iz
B 23 PG TR SR OB T vk (2SR T 5 AR5 AR . ASSCNBR B P 27
L5 B A 2 (AR A BB TSR T TR I SRR T 4 D7 AT S H AR G

TR B (R s Q) B A R 55 L, B 2B IR i 2 B K FEF Wasserstein [ 2 5
T L2 RE 2RI = KBE Q) OIS WA 2524 RSB AR AL B 0 FH s @ K78 75
T AL X T 22 2 ) 23 [RDBCHE B B8 e BB R A A AR i SR ST R 9 B Z598  H R B
ﬂjm%o

KR 2B DR 2L 2 s AR 5 25 A5 e s sol A= A2 s I T bk

DOI: 10.11821/d1xb202107001

by B 3 B AR R R AT 24 Bl (The World Discipline/Subject) ", B7Ei# it
A ERNB LT TR e B SRR SR AR R 20 1 A H A BROC AT (kb2
JZ . TIFUEIA R R EEIRAS ) MR (L HAR S A KHLE AR (R
IR SE) Izt fn, SRR . S HLHIYT, XERAA A I = ROE
HEEIIA A | M PRI ERSAE . VR R e g I RS e TR, WA e
A A O BRI RGN OTRR, T ER2A BT B AR IR 2 2 A,
IR R AR B, SRR B2 2 L E R

Wis B EA: 2020-03-31; EITHHEA: 2021-03-25

EEWH: 9 kRIS HEIT(2019QZKK0608); FrusiF e vt MR #4:(152219/18E); [F%¢ HAARL# R4
I (41901316); HHR T A F & S0 HE140(2019-YFO5-02119-SN); Hbésah it 15 W 5 A4 268 6] ¢ 7 S 8 Tl
F£42(2020-KF-03); H e m e FE AR 55 34 11 %% 42 (2019NTST02) [Foundation: Second Tibetan Plateau
Scientific Expedition and Research Program, No.2019QZKK0608; Research Grants Council of Hong Kong,
No.152219/18E; National Natural Science Foundation of China, N0.4191316; Key Research and Development
Program of Chengdu. No.2019- YF05- 02119- SN; State Key Laboratory of Earth Surface Processes and
Resource Ecology, No0.2020- KF- 03; Fundamental Research Funds for the Central Universities,
No.2019NTSTO02]

YERE Y : SEHE1991-), B, R, VR, th B2 25 51(S110014357M), EZAFAF DI 5Y
E-mail: gaopc@bnu.edu.cn

BIVEE: FREF1973-), &, Hrim A, #z, 2 NG 25 5 45 0F5Y . E-mail: chengex@bnu.edu.cn

15791590 11


Administrator
高亮

Administrator
高亮


1580 i B 2E 76 %

AT, W7E T B PO BT, RO T ORI R TN B R S
RN STRIZRPI 2B T2l 0, B RGN A A . AN i) 005 i
WERKR(E XIESEF AR5 R OURBER) o [, G501 AR
GAHIE AT BRI NAERR R o IR, IR NIRR I 2L B, gk, T
ZHNH T B RS (RAG AR ARG KIS RS Wvred. film, st
LA Jed B9 O FH AT 9 2 20 120 S0 4R, IR T = RT7 1) 220 55 0UAR Jg 1 2 [ 5 ot
P RBEMGE . A RTHNPE . AN, AR IRy 27 A oL B AR G vl Fp 2k
R IR AT R 2 A %, DMt T RS ] JRp /o it e R ™ T PP A
B, HK, WA E BRI BER bR, $0T IZ R T R A RS BBk
ARG, mRERA PG a0, R TR P S, g 1R 255
AR DIRONRZG, M PRI 18155 5 i b P B R 70 S0 ko i R R Ak 4T
s, VR AR B R ROPMERE R, BT TR BhE™ | WO, rEIEAE,

SRR A I RS, (EAE LR P T BT R A LP 58 4ok 1 38 {5 40T
fEBIe . BARMS, W7 MOMEEE 1851 4F 7 E B % &K Clausius FF KT I A, JEF
1872 4F- py Bl M) B 272 5¢ Boltzmann 15 Uil A W 205 (RIBURZE 20 . fRIARBL
BRI A0 =0 20 T2 40 AF IR RIRIE Bag b R E T T " Wi, JF T
1948 4ty 5& [ 5~ 5 Shannon £ 15 A0 (RIS . fHE85) 20 FAeming 2
L RS RS NE . M2, BT REE R, Ak, 28000
2RMRA A . BE AT AR, I, AR IR, BRI BRI R
AN, ESCBRIH SRR BER A T AR R

SR, AR A AR T XELLR DR A INSE . 5, e A AR ITT AR A5 A B0 25
FARITAE ROV H%E . (10, Vranken JFo7 MBI FET A ARIIN E 923 A 7 Bt 5
P2 IO . AAR N OB B P 2R 5 S 2 B ARE | BT BRI A AN nl
PE RAEARE A T SR A 56 S E M=K Cushman KX 288 PR S A
R B, JFRPIFELRBORT, U, A OIS S B R i = A o 1 5 B (B0
) o BRARNSH BRI N ZIME TGS (BandER) A S, 58 TIH S h AR A
M (ORI A2 AR ), IRl 2 IO SR B . 7E(U5 &
GETHE B, AR AR A B s A mT RENE . T2 11 R A 5 S AU T 1L o3
ML, EAETHMECE . AR B AR AU T 2Rk, HARIRAL
R HIE, BB R 2F A 2 M EA AT A R, SR, 25
WOCEIE AR, R~ A B B JER R . 2P L, Shannon A Ath
W I AR ARHE S LY, 2 MR TR A5 A R R

PN IR R HUET IR, il 5 AR R R EHE R A Tl 8 i, DLk 7R 2
AP, SEBLT A 1872 AR BN A ME & 4R S B X 2 ) B 1 B AR, O LS PR
Mo ASCEMMES . BB TR N 4D D7 R X SE JERE T RGEMLEIE

2

BERGEPE N IME S . REZEMA (Macrostate) A (Microstate) . Hi 4 $5 &
GRS ZMEIA Gl H A TR A 2 R (FROIRAS R, 2S5,
SRR IR SRS J5 R DO £ R 21 R S IR AT (CIngH A ) o
UFEIRL 0 B B 24 ) o BRI 1 AT 3 ARG T o DS H AR S AR R4



74 i 45 A BUR 25 2 R D RS 1581

TR . WONASHESIERD L, BURE SR T BRI (BURZBAR)
S=k,logW (1)
AP SEVRG BN ; W22 WA Bk BSOS (B e B /R 22 BB
1.3807x10% J/K &l 1 Hh 7 ) B P 75 o BT 8 FVIHOWAS , DRILBE R M ks log8.
PRGBS R I B fesit 2, BT Tt
BIRAE, BAREA . O B E a2 E O, AR A2 5 Bailey T
H OB R, (YA, | 30 b 3 - 3o
o EnsnEX e, Bl | 9 97l |l@ o |99 o @
I, E X — P R A oo * 3
0" Q) BB A T BRI o ‘
¥, monsmmsmwe ey, 291 @ 99 3

PGSR BT RN 3 AR R AT T 1 T A
T H: 8 oMl
3 Fig. 1 A closed container and its 8 microstates (macrostate: it

contains three gas molecules)

201645, AR FAEZS AV BCHE BRI o5 7 T B T R 500k, 1 Bk Ry A
RIS T 25 RIS RS M TSI e mt (32383 Fh).

2 SRR AR o3 33 FH T R M AR o AR B o s PR AR S LIS R A6 1)
Rz AR, T4 4% BRI AL, 44 CRIRORRIZE I JCIR 2 4y, 40 +Hb
FIFH /8 25250 R B T B OR TRV AT I =22 43, (510 928 1 IR 457 2t
B, R UM T s 0 1 2 R 25 () 5, A0 el B 2R L R 2 2 i st
FRIRICEERSEE, & WS SarEMtt, FEZFRREE, (HRSPrY
P46 X 0 3%, fEHb3S OUHSOWASS) il s 8 G I 5o =
BREED,

3.1 S E MR SR AT E AR

25 [R) B 1 1A AR B R X T A B 2t 9 0 2016 4F Cushman il 14 2 [
PAER RG], R TR SR AR B R B — R K E R
N S5 5 %4 Total Edge, TE) AT THEARRICT, ZARIEER T 500 () ZMSE, e
JUATIEIE . 4nif (BB IR IEA PAIT) BORAIRL . A2 G He . R (Sidni
BB . TE. BoWAE M2 R iC S, NEGEIEI5 289538045

DA 2a B s R i R R 1], O LTya BB sk ik ar (a IX a3 228 544
i, HA AR L A 24 RN 2A 3, MG EKE N2, BORASR S 2
e Ee, TERERR TESMAFTA WS KR, 528 9Ry s mItc & =,
K 2b~2k fT7m o SRIG, Goit5 s e IR oA AH IR TE (95 2845 8, bhb k3. 1t
BRIV EL, WARABUR 282 A ZCR gD, 155 £, log3 .

TR (I s WS 1 58 SO T e PR RS B LA E v, RS
FUPREEM T B S, OB TR vk Bz v o 7R B 1 R AR
F, 52 EE BT e R SCEUT . Bln, MG BAE A KM R 10047 10081, HAXELEE
22K HEAEHRIR AN, WIZFAEE RS N EBR IR Cooy » SEPRSEBIMERE K

55 TR AR I TR A TR A A T 2019 4R HPY 1o,
SRR P b B B M B 5 A0 ARV DL R A R R A Y AR AN BN, A A I
OO AHARASER A AR E R B S AL S



1582 i B 2E 76 %

. TE =2 b.TE=2 c. TE=3 d.TE=4 e. TE=3 f.TE=4
g. TE=2 h.TE=3 i. TE=3 . TE=2 k.TE=3
O 230
0O 26502
O &#

B2 SOULHERRAA ) AT RE A RTC 07 2 (b~k) B 2% K E(TE)
Fig. 2 A landscape mosaic (a), possible configurations (b-k), and the corresponding total edges (TE)
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Fig. 4 The core idea in computing the Boltzmann entropy of a quantitative spatial raster data
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Fig. 6 Resampling-based algorithm for computing Boltzmann entropy
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Abstract: The field of geography has three unique characteristics, namely, regionality,
integration, and complexity. Among them, complexity has become increasingly crucial to
geography in the current era. Entropy is a key concept and an indicator of the complexity of a
system; thus, the research and application of entropy play a fundamental role in the
development of geography. During recent years, Boltzmann entropy (i.e., thermodynamic
entropy) has emerged as a research hotspot in the entropy for geography. Proposed as early as
the year 1872, it is the core of the well-known Second Law of Thermodynamics. However, its
application in geography had remained at a conceptual level for lack of computational methods
with spatial data. Fortunately, much progress has been made globally towards computing and
applying spatial Boltzmann entropy (i.e., the Boltzmann entropy of spatial data). This paper
aims to perform a comprehensive review of such progress, in terms of the thermodynamic
origination of Boltzmann entropy, the difficulties in applying it to geography, computational
models and algorithms of spatial Boltzmann entropy, and all the applications up to now. Four
major conclusions can be drawn as follows: (1) The current focus of research is placed on the
Boltzmann entropy of spatial raster data. Models have been developed for computing
Boltzmann entropy with both qualitative and quantitative raster data. (2) Many algorithms have
been developed and can be classified into three categories, namely total edge- based,
Wasserstein distance-based, and multiscale hierarchy-based. (3) It has witnessed two groups of
applications of spatial Boltzmann entropy to geography, namely landscape ecology and remote
sensing image processing. (4) Future research is recommended to develop algorithms for more
types of spatial data, validating previous conclusions drawn using Shannon entropy, and
extending the applications of spatial Boltzmann entropy.

Keywords: spatial data; Boltzmann entropy; Shannon entropy; spatial information theory;
landscape ecology; reginal sustainability



