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Evaluation of human settlement environment suitability of Neolithic
settlement sites in Hunan province based on geographical detector

DU Xinyu, HU Xijun, JIN Xiaoling, CAO Shiyi, LUO Ziwei, WEI Baojing

School of landscape architecture, Central South University of Forestry and Technology, Changsha 410004,

China

Abstract: Background, aim, and scope Hunan is one of the cradles of Neolithic culture in the middle
reaches of the Yangtze River. In order to more effectively understand the human-land relationship in the
Neolithic period, the fuzzy index comprehensive evaluation system of human settlement environment in
Neolithic settlements sites was established by seven indexes, including elevation, slope, aspect, water body,
Physiognomy, soil and vegetation distribution type. Materials and methods The factor detection method of
geographical detector was used to determine the weight of each factor. In ArcGIS, the weight value of each
factor was classified by weight superposition and comprehensive grade type. Finally, the evaluation result
of the suitability of human settlement environment of the Neolithic settlement sites in Hunan was confirmed.
Results The results show that: the area with moderate livability was the largest, with a total area of 185900
km?, which accounts for 87.66% of the total area of Hunan province. The weight of water body accounts
for the largest weight ratio. Discussion It can be seen that ancient people preferred to living near water, and
they were mainly distributed in the Dongting lake area, along the main stream around Xiang, Zi, Yuan, Li
rivers or in the intersection area of rivers. The sites with higher suitability grade tended to be hilly, platform
and plain type. Conclusions The sites with medium or above habitability are mostly distributed in the areas
with low elevation, south facing, micro slope, and most abundant Physiognomy, soil and vegetation type.
Recommendations and perspectives It provides reference for the analysis of the distribution and natural
environment of the prehistoric settlement sites in the future.

Key words: Hunan area; Neolithic period,; site settlement; geographical detector; suitability evaluation

ST SR VR LR I S ST P A B A R 7, R AR SR T SN RIS B et
Vi seRl, FA AP T AR R SEAT AR SRR, Bl
SR (A BRSO B e AR, 20190 o BbAh, BRI R S8
B AT E AR, RV A B RS SIS H VIR (B84, 2019) o HAETxR
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T RIRTE B I 25 AR 5 F SRR 50 R I S W AU 78 CROAR T Ao R I
TRz — Wb, 2019 .

b S AT ERVE T I LA AN R, 75 BRI RO T, BN BRI 2R SR R
IR TS BT TR AR GIRIT, 2017) o TIEAMEE S BN SUEAST . HARKE.
MR, BAEZNIEY) (Sunetal, 2019) (Revellesetal, 2019) 25 THIEIR HIRPAEER Z 5 i A
HEhHEE) T BB NN, BN AR S8 A S AT AR R AT s TS IB k2R T (2
Wiz, 2018) CRME4E, 2018) , MIEAMEEMNREPHE. KA. BREHETTHIS 757
M SR P Bk 2 [B) oy A AN R T IR N ZEAE ML (Gauthier, 2019)  (Nakajimaetal, 2019) . A&
SCi I T FH R AR 1 PRl PRIINE A 2 S PR R RCEAR, SR I8t 2 A A A R A R
PR R, TRITIR AR A A SRS E I /3 5 B ARFAEE L [R) KK 3 SR o

H A TR SR Hra a4 (R, 2019) , (A RS RHINEN
HOH AR I BOE B TV . ASCEBNAE, S, MR AT B RS R = AR
Ft AT NZE R AR RN . FRE A AN IRR LS BRI A VN, R
NFEEGIAEART AR, NI A A B BRI PR AR S, A E s
AN OC SR IAH DRI FLER A 4

1 AREXER

IR AT LS 24°38—30°08'. ZR4E 108°47—114°15", A FKITHE, FEARIRREHIX, b
HEILDCPER, TikastmlE, RInEARERE. tA LR, 16, mETHs, JCmEMF D SETE, K
B PN R 2R R Ui CEDZE N, 2018) o AEETHARA 21,18 J5 km?, /- N TAMXIE, &MX
SRR AT KB A WA PR PG SR P R R R AR R
Al GRS, 2015) o HISTRGRIMSRAIZRE, DARUKHISR. Aia s Kb pih
SRR GBEERR, 2019) o AWKRKIL, WS, FELUH, 5. Ui, 1SIUK RHSTRH
FA A AL SR, WIR X SRS PP oe s, RIERMA, ShtiEsE, Rt
A, HAEKIL A X B — e AR B A s LA TN B, 523k L SCAG RT3
(9.0—7.8kaBP) . 21 FEII ] (7.8—6.8kaBP) . #F XL (6.8—6.3kaBP) .
KIZESAITH (6.3—53kaBP) « JEFKUE AU (5.3—4.6kaBP) FlfA S SCALI A (4.6—4.0
kaBP) (R/MPHIRER, 1998) . MERFAREIER B, FAERESYZ) 1.2 HERNIHA S
ADHT A SIS A b B ORI T RS R, T I LRI R AR T, B
SKARMT BB F) AR B SCHIIE . 5000 AERTATHT A SR T Rk LSy, I T — PRI R
I ARE I, FERASR A=A iy 28 R AT b b BAEAHOGHR T bLx, IR A
R HIHEHA AT B AR (BT, 2019)
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ARSI RGBSR SV R R, RRONERRER . B, A BURAMIG 5 M
P HERERINEARZ, Bl AHP ROk, ERM ik, BRECARR. Bibusss
(FERIASE, 2016) » L3RI EFERERCER BT, ASCIE BRI & PR 50772
TR BERIES AT LARIE TE E SRS R R ML R, 12058080, HIS I e it
IR Bm, 2R T G R R R IR, AL, ASCRAT BRI 41
T AT IBCEEIFE ArcGIS A6 SV LA AN F IR BT A () 0T, IRTERr A 4%
I SR VA AN I IRIABEZ TR A NG 2R o

2.1 HBuEKIRER

ASCFTAE b E SOV IR WERE A TR 12 350 SR AR AT AL SR IS o A
B, DAKHIER RGRPF R G A RV G SRS R R O R HigR, KR
KA ARG & A A % T, MBS AR 1), D EDARERE T
1%, & ArcGIS FARIHELEY (Clip) BEZHEMFEE T H (extractby mask) FEHGEHFEA (155
AR R AL ATEE, FE TR 30 m RO me 4 (13 R AT A A BRI 734
W (B IS IR ) T W AR R e LA D AT, 7E ArcGIS Hhid
AT HOERRCHE, HH KR BB, FE0 BN K RAEHE S T % BT (Density analysis)
FELEPTA TR EAE ArcGIS BATN BRI TRAEMECHE, FIAIZ2% GCS-WGS-1984 Hhz
HARR R o

R BRI
Tablel Data type and source

PAEDOE HmR R
Dada objects Data types Data sources
I N HERPERE R IR R R O
N 30 m R R
R Data Center for Resources and Environmental Sciences,
30 m elevation data of Hunan
Elevation Provi Chinese Academy of Sciences
rovince
(http://www.geodata.cn/)
R E R B BRIR PR R S L
N IR 1 400 3 HIFERIHERE
+iE Data Center for Resources and Environmental Sciences,
1 2 4000000 soil type data of
Soil Chinese Academy of Sciences
Hunan Province

(http://www.resde.cn/data.aspx?DATAID=284)
TG 1 2400 JTHBRRAE

HuZs
. 1 : 4000000 geomorphic type —
Physiognomy
nationwide
KE B a4 A7 CH SO R - IR A Y (1997 42)
River Neolithic site distribution map Hunan atlas of Chinese cultural relics (1997)
TR IR 1 2 400 JTHAHRA A

Vegetation type 1 24000000 vegetation type




el 5 E{Cip Ut Hela Rk

Dada objects Data types Data sources
distribution nationwide
‘ 1 350 J7itht oA A ‘ \
$Uip: (W (PRSI EEE-WIR ) (1997 42
1 2 3500000 site distribution map and
Ruins sites Hunan atlas of Chinese cultural relics (1997)
topographic map

22 EFRNSERANSERNE

MO PRI S 2 F F 20 S HAR TR &, Bl A THRZ 2 [B) 43 S R He 3 S RO SR BN R R
R REIIG T, HAE T IR A USRI BRI AR RIS BRI
BRI PR 4 R ERE A TR (CESIERMRAAR, 2017) (R Jes%, 20200 o A
SCRAPRFERINE, LAY fgsmd b A A .

Bk R AEBTFE IR, N At SR N BERAELE R W HISREEEE TG e (i=1,2,3,...,n)

(n AEBRBERTTED ARSI RS G . B8 H N S Sz R R R, tat

R T IR N FXEEF H R, S8 NAH B2, ERREFET H
FIEEATIXIRA, N EEO ZiL Noy,, (0 = 1,2,3,..m)  GEIEE, 2019)

JRUREERT- H BRI R NRHE 12K/ PHN € SUA):

Pun = 1= S (i 0F,) (D

Forr: ny ARFRAERSIE T H T X5 7 RS, nAURAEBEAITTUX I R WA FEAS
B, n=3Y"nyo opREEANXBNEEUTZ, 4 H AP SREAYGE S, WA XI5
HIBSHOT Zeny AR/ 0T XIZ IRIATT ZWIRR. S, MR T 0, MERAAHERBL S 04058
S IZR TG ERRES . WP, v = 1, WRZRRBEERK. K2, 1ZH R

/N,

23 BIETINERE
KR S A KR g, HIRAEAERANSE 7 AR TAE ArcGIS10.5 AT/ (W

B1—E8) « HEMAEEENM T (kemel density) Zhfg, #EZITA/INA 10000 mx10000 m,
ZEAEN 10000 m, AERGHTA RS IS SR R R T AR AR X A AR
FIMBCE, SO BCEEER, RN R X HIRK A T A B AT, #ahd
BRI mAR . R, % 7 A RTE I R E 2 AE AR £ (extract values to points) o 24
e AR R Y, SR B, BASE 7 NIRRT B E X SRR
P, S3HTAS S HRAR AU : Weight={0.569366, 0.427024, 0436147, 0.797112,0.199278, 0.204762,
0.227746} .
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P PR 3R A 8] o 70 PHs B RE R 0N 1, BRGSO 2, BR P AEII N 3,
HIEEBARIBENY 4, BRI 5, S Hfabr s atrai .
R [ A PN FE RO RN, IS BT TR R A AR R I B A,
GRS A VRN AR
2

| AR
F=w.B=(b,,..., b)=(w,..., woe| P

Horr: FORVRESE LIS TAE, jOTRESSE, s WRENMEL b (F12,3,...m) N
PN RINLEERIBE, we (5=1,2,3,...,m) NETRERE.
K€ 5 B AR — AP R AR B O 20% 15%- 15%- 28%. 7%.
7%~ 8%, FIFINIALEINII T 245 SATAER G LLHAE F /L, SR A B E5IE Yo
HAN: Y=20% E R+ 1 5% B +1 5% 71 +28% K A4+ 7% B 55+7 % - 35+ 8% HEL A1 o

K1 stk s A
Fig.1 Sites density analys

B2 IKIRZRE RS bT
Fig.2 Linear density analysis of water body



K3 DEM mifestiE
Fig.3 DEM analysis chart
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Fig.5 Aspect analysis chart
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3 HR5SH

ARG BRI R, REEH o S 9, 5 RIS (0, 011, (0.1, 0.25], (0.25,
0.5], (0.5, 0.75], (0.75, 1], 1SRRG EH A 28NS B B JE R B R & PN 52, IRl
R SR SR 1, 2, 3, 4, 5.

3.1 EUtR=ESHSEARINERNXR

SUMAIEHE R AR R AR S, A EIRAOBCEESE R AT LASRN, IR 5 AL AR R OK,
M 2 Bk R RO R LI AT B, A TEIRTE-149—198 1 198—413 [¥jidthil nil Ay
2374, dRIEEECE Y 89.11%. X EEHISRINSRAKE PR B G, GBI P st M
%, B 64.12%, Wi il s i) A a) s Al TR BRI, R sl S A
(RN o KA BERIISERE RO AR L5, 38l R AT TR A 88 B S5 R e PR DX,
FEEEIAS] T —FLh b B2 TG, KA i) DO 3 A e il X I, KA
HSE SRR XA B Do, T8 SRS R A X

IR RE R ARSI AR, MRERTY B, 8k s 2 B DX A R AR
NEN FEN BHERRSE, Hasthk fU R SR 81.47%, LEESRANEA L. VR
IR A I i 2, HAEH 280 4, B EE N 82.94%. [RILIsthE RS 2 /A fEIE
TR LR

W SRR E R E R R, TR H e, & EREARA IR A K. T
P R ZE MR S, EZRRAT AR  AZRATIEALX, RIS 230, PGRd Al
AL PN NG BEAE, TR AR FOARIE B T7 1w, AR b o B E
(177 10) CFLEHAE, 2019) o FHR 2 RIRN, 3 BB A 3 im0 178 A, BT EL N 52.35%.,
BRI —2: DL R s bk s A TEE R A A . WIEREX— R0 h, gk 204 T RIS
TR A, Hidtht A BUE HBER] T 81.18%, Uil HUEhE s/ AR I X E N T

2 ANFEIETEhk S AR L )

Table2 The number and proportion of sites with different factors

. puze: &Y
PSSt X A ELHl
Ruins sites
Factor type Interval type Proportion /%
number
-149—198 237 69.70
. 198—413 66 19.41
mifE
413—671 26 7.65
Elevation
671—1033 7 2.06
1033—2077 4 1.18
Wiz SR SRR (0°—2°)
53 15.59

Slope Plains and microslopes (0°—2°)



R

EN et X [A] A Ze(7]
Ruins sites
Factor type Interval type Proportion /%
number
SR (2°—5°)  Gentle slope (2°—5°) 103 30.30
R (5°—15°)  Slope (5°—15°) 120 3529
el (15°—25°)  Steep slope (15°—25°) 44 12.94
S (=25°)  Sharp slope (25°) 20 5.88
“FJE—&Hs Plains — Platform 116 34.12
EHi—Ff& Platform — Hills 102 30.00
R . .
FeBE—Kil Hills — Low mountain 96 28.24
Geomorphic
fiktl—H1l Low mountain — Middle mountain 23 6.76
FH1l; Middle mountain 3 0.88
FRIEHEMEE hemerophyte et al 84 24.71
#EMZF Bushwod et al 92 27.06
e AN K N Sa Y e
. 101 29.70
TR marsh, grassy marshland, hemerophyte et al
Vegetation FErAR, AT
30 8.82
Broad-leaved forest, bamboo et al
BHHR, BHIRTRITIEE
33 9.71
Coniferous forest, theropencedrymion etal
3t North 44 12.94
#4t Northeast 45 13.24
7~ East 48 14.12
B A %4 Southeast 44 12.94
Aspect B South 51 15.00
PHFd Southwest 34 10.00
7H West 35 10.29
P4t Northwest 39 11.47
% High 29 8.53
&% Superior 116 34.12
KA . .
T4 Medium 103 30.29
Water density \
B Inferior 56 1647
fik Low 36 10.59
R, 5
147 4323
Anthropogenic-alluvial soil, red earth et al
- R KA
+13 135 39.71
Boggy soil, paddy soil et al
Soil
et W
20 5.88
Rhogosol moisture soil et al
AN RSN Y 34 10.00



M=CR PUa=R
WhEA
PRy X ) ELH
Ruins sites .
Factor type Interval type Proportion /%
number

Red clay, limestone soil et al
s Ny e
Brown soil, yellow brown soil

T BRSSO 340 A (255 (hESCYIMEEE WIFG I O o hERA B S &R T IEINEIR I 18,

4 1.18

32 ABINEEBURMIEZESIEN

MEBRIZEE TSR ERE (B 9, BRI E ZEA R 3 i, B2
Tt S RHSCR I HEASARTHRCN 439 J7 km?,  (HEEAE BTHARIN 20.58%. %X Ik
BHE S AT B SR IR (R 3D .

L P R S I DX E A DO AR R o B, LR A SR DL b DA
1420 75 km?, (HHEMESIHP 67.08%.

L AR S I DX B AT R IR R A X, bl s R PR AR R R 0 X . LA,
RN 2.59 75 km?, (TR SATHIF 12.34%.

*3 FRERLBEPLELL
Table 3 Total area ratio of each grade

HIEER = B ik B fiK
Livable level High Superior Medium Inferior Low
SR
0.04 435 14.20 2.56 0.03
Total area /10* km?
HIrtl
0.02 20.56 67.08 12.19 0.15
Percentage /%

e WiRE SR 21.18 T km?

33 BUtESmEREBES

AR ERATUAEL (8100 , a5 1 X, &R 1033—2077m, HEAE
33°—76°, AT ARIbA AL, HSRAL AR A R LRI TUE AR AL, e
AIFHE, TR, RERRRONEA AR, RPN AR, BT IEVRACARSEA, stk SR TEK
WEERARNHX . H L3R, FRRISSE, Horsth ARG 4.

CEEEYN 2 WHLIX, =FETE 671—1033 m, AR 24°—33°, 3 1) 50 A 75 PG e ) A G ),
SRR B TUEREW 1L (KD« AT TUE AL (K1) 262650, 02T,
K CED t REOERAAR S 8 FRAL. RPN WA AR, ARG AR
R NEEHY SN )T ARTE R AR B PRI o B o /NS, Bl R RFPEE,
e N N 3

LREEION 3 MHLIX, SARAE 413—671 m, BEETE 15°—24°, B AREARE MR, H



SN AR IETUARWEACIL QLD BFCA P TUAFEWMRILAERA, RO E . i
AR AR 7 AR REESRAOCN R BEM. VAR, R, Bk AR KA
FERREEX , EEhE AUEATIIE . K BREE. KPR, ZE5KHE. JRMREEAIRIESS.

CRETEICN A HLIX, RFRTE 198—413 m, HFETE 7°—15°, MM ATEARFE AR, Hy
SR FUERD DUEREIRT L%« I Jeb U b iy, TRt KRG 145 4 Rl iy,
TR TG TR AR EMGEIAY, Bk s AT E KA 2 R rh i X o XA s A %
SEMIXIE, FEREESA T kil B MR, RTINS,

CREEYON 5 FHBIX, SFRAE-149—198 m, HFETE 0°—7°, HIm/AnfEdbim A dbm, H
BB R, HE G CEED | Rk (G | RUGER G, T304
VEURLL LU BIRAE 6 MRS, YRR AR RVK AR EAEY) . — RS RO R
A CEXNERD , BHE AT BE X o = B /AT TR R PRI B K
WA, EEARRIL. Rfaf, FRH. SANE.

i

N

. TR
AT

£
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B9 NEERRLE S PEO A

Fig.9 Comprehensive evaluation diagram human

MBS, SRIEEHE s AR AR A b X B ey . HLRJE B R A5 DA B ARSI 18.59
Jikm?, IR SRR 87.66%. MERELERKE, DL EREE A LLEA R 85% s,
GRS HBIE 15% /545, T9h, SRE Sk E ISR A AL, VTR T X 4k
WL B Ui VRSO BRI A 3 A o



K10 bk A SR L AR
Fig.10 Membership analysis diagram of site distribution

settlemen environment
4 FER5RE
4.1 &g

ASCHmRE. KR, HISR. RIS 7 ANRFRIEIRR RSB BRI MG R,
FXH R H AR A B BEE B EEIAT T 456 P, JHE P BRI 3SR Bh 7 b 45 R 1
RO, AT HABAR EALE () 7792, 2T NG SR T« K 3RAS AR 10— b3,
P IR S IR AR R, 55 5 RIS BT R O DT A 2 SR SRR itk N R PR i
HEGE ISR 45 RE:

(D ZRAEVHNEESN 1 IR A, e Rlisthl; S54% 2 BIHbX Oy efg. e Adistt;
CREVHNAERN 3 ISR EE, A PR, At Ak, At
CEATIN SR 4 IOIX S S SRR T ER . Rttt £3 AV HIN N 5 HhIX N ek
B, G, SPEALR L.

(2) BJEEREER DA AR, (TR E AR —F L b HE R AR R X I
TR 18.59 5 km?, (iR S HIFR 87.66%, ELJE FEARAER A XA B AR N 2.59 77 km?,
RN A R TR 12.34%. b, Bt RS A PN SR EZ IR IL, K Histhk S5
AAEFEELL FRIXE, ARt il f o o ey B () S R bk

) MRIELE AV SRR KR, IR ELRA SRR I X AR A A ) X 5,
TREEHN X N E AP g GHiSRA T A ERERIC, TEAnR, Mg

B, WA RS, Hh PR AOE TR — SR Y, R DX AR B AR
BB T RS SR SRRAFAE TGS, R AT ORI TR, B T
B I NSRRI R v] DA 7 iE 3 S S5

(4) FABRCE TSR TR, KRR R S H IR E VPN S 2 LA T

SR IR LU B R R A DL R Xt s % BE R, HE RS DX, el K,



BRI EIL A i % o R T AR H A RK. BUK, W54 HE, H
R 7 ARSI AL, K ERE TR 1A mis A a5 77 m S5 EH o
42 RE

H #2800 T- 2RIl R 7T 3 EAE b T BRI R e I Bk 23 A R SRV astE
IIARHIE . SRV A BRI A SRS, I, SCT I [l A1 R at bk s
A ANPREG 2 A (AR FLEREM O Z A 22 A AET B TR 77 7] o BT AS ST TR P 25 RIAS
AR AR LR

(1) RTHrassr g v, BkdE ChESCyIHbEIEE - TR ) e #sthk s
RN G3AT, AR R R S A AR bR R I A A e 22, oG i B SRS A5 PR B 2 AR
WEIEAE, KT R R AR IE e IR .

Q) AN TR v B, B TN ESRBY SO, ADAaE ORISR
RVaY Ik AR SEITHM T AHRHIBTFE, TR A P RIR gt 7 A ST 8] R 90 2
AEN T EERTT

AL FEZHT T ASF SRR Z NN 52, FERM P E Z AL R (AN
I SR V& st o A 32 B CSCR R B2, AN FEIRHHE N D, AR TR, Rk
LR RIE R T AU R 50 5. R, X AN SCIRI M T A R A g i ISR
AN SN R EEE B E P AE AR Tt — R A 5T

SRR
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