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Integrated reconstruction of fire history and climatic changes in Northwest China since mid-late Holocene
LIU Jianbo, LI Jianyong, HAN Yueting, YANG Rui, HAN Xiaoxiao, XU Hao
College of Urban and Environmental Sciences, Northwest University, Xi’an 710127, China

Abstract: A total of 28 records of charcoal and black carbon were used to reconstruct the evolution and driving mechanism of paleofire events
in Northwest China in the past 8 ka. Combined with paleovegetation, paleoclimate, and historical records, relationship among paleofire activity,
climate change, and human impact was analyzed. Results show that during the middle and late Holocene, fire history in Northwest China can be
divided into four stages: (1) the fluctuation stage of fire activity (8~ 6 kaBP), paleofire events occurred frequently and were mainly affected by
climate change; (2) the stable stage of fire activity (6~4 kaBP), when the climate tended to be warm and humid, vegetation developed and
stored a certain amount of combustible material; (3) the rapid rise stage of fire activity (4~ 2 kaBP), human activities became the main
influencing factor for fire events, and the frequency of fire activities showed a rising trend; (4) the stage of large-scale fire activity (2~0 kaBP),
the climate changed from wet-cold to dry-cold, biomass was dry and flammable, agriculture developed rapidly, dynasty changed and frequent
wars occurred, and the fire activity was exceptionally intense.

Key words: charcoal; black carbon; paleofire; climate evolution; human activities; Northwest China
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Fig.1 Schematic diagram of the distribution of research sites on the Holocene charcoal, black carbon, and sporopollen deposition

records in Northwest China

Drawing review number: GS(2019)1823.
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Table 1 Statistics of the Middle and Late Holocene fire records (incomplete) in Northwest China

P =LA b frE Eiz LIS WIRFS ik SCHR
1 Jyc FRIRE FHAS 34°28'N. 107°53'E R IE T U OSL [21]
2 MIY H B K T 58 36°2'N. 108°10'E 5 AT OSL [22]
3 HGZ Bl 7R ) e 5% 35°41'N. 107°35'E R IE T U AMS “C [23]
4 QC B 2R v A 38°39'N. 100°43'E R IE T U AMS “C [23]
5 ZJC HRP R SR 35°41'51.9"N. 106°52'57.8"E ] e OSL [24]
6 YGZ [P ZAEE S 34°28'13"N. 109°0'59"E KR IG U AMS “C [25]
7 ETC B R A 34°55'12"N+ 107°52"12"E K IG T OSL [26]
8 DXF-N whmERAREFIL 35°224"N, 111°34'48"E V3 TR OSL [26]
9 DXF-S WhmERE T 35°1'48"N. 111°34'12"E "B R TGk OSL [26]
10 XIN B AR gk 35°4'48"N. 106°9'0"E Vet MR (erN OSL [26]
11 WLP GAENE: | 34°26'N. 107°45'E IR T OSL [27]
12 XDW FHm TR X 35°0'6.9"N. 99°15'37.7"E IR TR AMS “C [28]
13 IXG R R AN A 36°3525"N. 100°17'47"E VA 0 AMS “C [29]
14 QLB W 36°14'58"N. 101°12'16"E V] O OSL [27]
15 HL-1 T & T 37°16'N. 96°54'E R IE T U AMS “C [30]
16 ZB08-C1 A3 R w5 33°27'N. 102°38'E R IE U AMS “C [31]
17 YHC Bt 7K SERAT 35°4'27"N. 109°16'45"E 4] e OSL [24]
18 XHC PR 35°08'50"N. 107°55'55.5"E KR IG U AMS “C [32]
19 WQ-1 BRI 44°97'N. 80°11'E K IG T AMS “C [33]
20 KE FHlgE A 35°38.7'N. 101°06'E V3] YA SN AMS "C [34]
21 ALHK B ERBA R T ER 47°41'37"N. 87°32'40.5"E "B R EGk AMS "C [35]
22 DZP T v 7 36°26'28"N. 102°34'51"E IR T AMS “C [19]
23 SLMH HT3E T HEACH] 44°35'N, 81°15'E 3] TR AMS "C [36]
24 cce THEEMH 35°52'N. 106°46'E Y3 2 Ak AMS “C [37]
25 CDLI2A TGRS 37°3'50.4"N. 100°27'43.2"E = = VIATR AMS “C [38]
26 PG1950 B EE-R L B 38°26'20.4"N. 75°3'25.2"E L2y A AMS “C [38]
27 GSA07 ANFLRI 35°15'0"N. 106°18'0"E Y73 AR =R AT AMS “C [38]
28 YHC16A Bt Stk 33°56'24"N. 107°45'36"E ik (s =R iarS AMS “C [38]
29 HLGU B[ A (]| 47°15'43.2"N. 87°921.6"E E{iE s U AMS “C [39]
30 ML-1 BT R F 2N i) 45°48'10.44"N. 85°57'33.84"E fky R T AMS "C [40]
31 WN Bk V4 7 g 34°59'17.7"N. 109°48'44.3"E ks R0 AMS “C [41]
32 SIC HE= MW 38°38'49.2"N. 102°33'7.2"E ik R THE AMS “C [42]
33 QJ-2000 U] 36°37'N. 100°31'E Ly A GFA AMS “C [43]
34 JDG iR 40°30'N. 96°39'E ik T AMS "C [44]
35 MGH T R T 44°25'39.3"N. 85°54'35.6"E ik T AMS “C [45]
36 CTHC ST M A 44°25'06"N. 86°01.26'E ik WA R AMS “C [46]
37 DDHZ AR T 44°41.7'N., 89°33.5'E ok U AMS “C [47]
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Fig.2 Comparison of fire activity and climate index in Northwest China
A: Normalization index of 8 kaBP charcoal recorded in Northwest China (this paper); B: carbon black standardization index (this paper); C: global temperature
anomaly between Northwest China and entire China®**"; D: humidity change model in Northwest China®, a: humidity change curve; b: westerly wind model,

c: East Asian monsoon model; d: solar radiation.
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Fig.3 Comparison of oxygen isotope (5'*0) and carbonate index

a: Dongge Cave!®, b: Dunde Ice Core®?, ¢: Guriya Ice Core *, d: Manas Lake!™, e: Wulungu Lake"", f: Qinghai Lake!™,

g: carbonate content in Daihai Lake®,
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Fig.4 Comparison of fire activity standardization index between northwest monsoon region and westerly region
a: Yangguanzhai in Gaoling™’, b: DongXiaFengbei®, c: Yaohe Village in Baishui, Shaanxi®*, d: Gonghe Basin in Qinghai®®, e: Keruk Lake in Xinjian®", f:

Tianshan Mountain in Xinjiang"*!.
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Fig.5 Comparison of fire history in Northwest China with China’s national fire history and climate vegetation index

a: 8 kaBP normalized index of carbon chips (this paper),b: national fire historical trend”*, ¢: normalized index of carbon black (this paper), d: normalized index

of sporopollen concentration (in this paper), e: temperature anomaly”>**",
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Fig.6 Comparison of 2 kaBP fire history, war, and climate index in Northwest China

a: Standardized index of charcoal (this paper), b: standardized index of carbon black (this paper), c: change of cultivated land area’”, d: number of wars every

30 years”, e: temperature®*"), f: humidity index**.



164 YRR M J5 5 56 D0 20 b TR

2024 4 2 A

HRAFE) | 0.3 kaBP HI 5 (B HIRAE) A 5K T <%
AR AT A0 o] PG JAR rh S v [ At DAk
TR 4 WY Sk S A Y S DA R A ) T Al
a7 TR A T SR = S i 4 DK B
SR T . S EGI L R BRI AT B B 0 M X
A S R AR DA I R i ) DA 2, (ELA
2 43 v T SRR % TR I, A A R L
T Ml DX MR BT R BT B o8 i iR 4 B, WA
DX S5 7 B 4 e () S R BB BE R AR T bR
FESEm . 50 A2 S (8 A B AL T BokOR
B, AR TSR, R T My e KR R A T
fiE, W IR 35 U8 B Hb 1.4 kaBP 2 4 7 8 Wk B 1 4 A
K, WY S A i B AR B S A LA G 4
T 7 5 00 52 1 FL (3 AR RO AR, 2T BRI AR
fhfadh, R K — B LU R KR 32, SR RAIUCR
) BH R 2k R A T B I B, B A R A b X B 4
DA ¢ i v B 2 22T, 8 7R KT Bl A B H AR
KU 1 kaBP i J5 T 1 40 4 51 0 AR S 4 7R 1 K
T3 5 B s e e 0, 5 U A ok P sk I
AH—F, L BRI, 2 kaBP 24, R E P
Je X, 8 B A Ol M X, S RRSE T R AL, 1
T AR RN LR AR, e i R AR K DT, (B
ST AR KRR i o — 3R

2 kaBP A2 E @R AL . K
r ez R . TR RS =R, AT
it — BN T KRR RE. A HE IR
I B B A A A AR A A e A B i 4, 1 A
AL AR L AR, Tk A AR E S
RYERE FHEAE Y, N5 & T KK LA

e kb id #k, 1.7~ 0.5 kaBP 8 6] #F 1.6, 1.2. 0.9,

0.6 kaBP i B 4 Y I W (B, 55 1t (] sf J0] 75 A JER
FR) R 46 VR KA 33k S s S0, I v A, 0 BRI T AR
W WL AR BRI, F8R BT Z A AR
F o WG, W A AR D R 0 Y g ORI
o, A B R B R 2 IR R, [R] s
45 BIF 5 32 B T A 45 1 00N 0 e B R e & g
T L AR A 40 5 2 (0 45 A R B R, TR i SR
H B 22 R T X R, ik e R B B 1) K L
F 128-2930:37.30-40788892.1000 i 3], SRR G SR 4 7 Y
K S PR B 2 A, ] I 1 R A gk
Ko, N B HBUBE 55 1 S sh T e il T

SRR R, ZIC FITH R, Z8 DU AR R
P, PTRE S i s K R T R A
Jei22460 Wy b IR T BRI BRI B, &
DURA TP 4 & e, DU e R R B AR A T

AR, X PR BT 1 BB IR (] BB e T ok s B R
& B 4Bt LUk Y C ) AT WLPH T ) BLAR B
VOB K ¢ B e B 1k B W {E P, EDIE T 2 kaBP
DA Bt N TR DA B AR b 5 B2, YT 3 3
KBETE . TT B A b A A W oK LA B[R] A ek A
78 AR R KA U . 45 IR B ARl & R Xt ok R
1 B & A= A 35 K I 2 A ] 307731 22 L) 4
B R R AR A b T % 8 B = 0, B RN g
T 5 7 A T YT 3 R AR - 3t ) 398 K T A O I
(R IR 1 25 d AR B T I % % v D DX 38
FIR TR I UL K, AT S8 AR AT B 4 i
K VR AT W) FORE b S5 35 Bl R W n s 5 W A 2 5 G AR
], H 75 H DB Mt 16300 B34 i 1] 45993 b, 14
T 2.82 A5, B b TR A BE 0 R B TN A B 0 B E
B UL B N2 sl Bl 4 K, ks A 9 vl gk
W Z K 25 b, FERE S DL R N2 sl 3L [R]
KT, 2 kaBP % A Ji 5 A2 BR K DURR, o KA
B H AR K, 2 SR R R kA e B issreeon
HT AT KOG B S R R B, AT B R A AR ol
TG BN Rp S M G s b T TR I R ABUIE R AR T M
F RO B2, A O E T B K IR kA

4 it

[ [ AR N e S N S P 1B S I e 1y
B

(1) 32 S A5 w1 KT 3l 3 B Br (8~ 6
kaBP) o P JRUIX (1) F 52 DL % 25 JXUIXC g 3637 [ s s it
DX 35k 3 B A T — KT, Bl 2 AR I 2 X055 B T
T X B B T, Bk SR S I B

(2) M w & Je 55 JCE 8l PR Br (6~ 4 kaBP) .
VO XUIX DA B 28 R XA A - Bz , G AL b DX U R
I 1 25 2 S UL, ] T R Y A, i R B
TR AL F— K, R IHAEBEA DAR

(3) N R K=k - B Bt (4~2 kaBP)
FEFEYy HARIE AT S5 T, FREVE AL X Y
AT T S A0 p A s o 9 AR AR X, e 1)
i NI 2l 32, A0 A I AT P S R b XA 0
TR RRIG Bl L PR e R ARl A B B ) R S
[] B NS0 sl o0t ke 1 52 i 2 sh A AR AR Y, IR
{87 BRL 1) 02 2F T ) kR Y &, XA B T RN
JE T B X i Bk 2R G5 ek v Y B s VE R DT R, R R A
CONZEHE” XA I R A ] A T3 1) UL

(4) B Agr K SR & A= [ B (2~0 kaBP) .
ST, NIE S RIZL, WK, K F 2 S



55 44 5 551 XS, 2 v PG DX e 4 T g sk 4R Al o A g R A 165

AR AN T Bl i 3L [RGBy, A PG ALl Xk 3 gl
T EL . TR S AR AR KR S S BT B 3, nT hE
AR Bl 5 Sk 3 s el D T TR B R BT
FEARR T M 3R 5 WL AY I 2, A R i) 1 o3 K S
Y a o

£ & 3Lk (References)

(1] kfEF, B)Fim. BRI S TEA )5 5 b7 Bl RT3
[1]. ZVI4LHF 78, 2006, 26(5): 857-863. [ZHANG Jianping, LU
Houyuan. Preliminary study of charcoal morphology and its environ-
mental significance[J]. Quaternary Sciences, 2006, 26(5): 857-863.]

2] Zhang Z Q, Zhong J J, Lv X G, et al. Climate, vegetation, and human
influences on late-Holocene fire regimes in the Sanjiang plain, north-
eastern China[J]. Palacogeography, Palaeoclimatology, Palacoeco-
logy, 2015, 438: 1-8.

(3] ZEerdR, GRRTy, RS SRS (K URh Ge T vk bt e o A2
TEBN AR L[] BB IHZEWE AL, 2010, 30(2): 356-363. [LI Yiyin,
HOU Shufang, ZHAO Pengfei. Comparison of different quantifica-
tion methods for microfossil charcoal concentration and the implica-
tion for human activities[J]. Quaternary Sciences, 2010, 30(2): 356~
363.]

(4] Xue J B, Zhong W, Li Q, et al. Holocene fire history in eastern mon-
soonal region of China and its controls[J]. Palacogeography, Palaco-
climatology, Palacoecology, 2018, 496: 136-145.

[5] Miao Y F, Song Y G, Li Y, et al. Late Pleistocene fire in the Ili Basin,
Central Asia, and its potential links to paleoclimate change and hu-
man activities[J]. Palacogeography, Palacoclimatology, Palacoeco-
logy, 2020, 547: 109700.

[6] Ji P P, Chen J H, Zhou A F, et al. Biofuels reserve controlled wildfire
regimes since the last deglaciation: a record from Gonghai Lake,
North China[J]. Geophysical Research Letters, 2021, 48(16):
€2021GL094042.

(7] bk, WS, TR, 25 b kg b sk B AR OB FUHERE [T]. Bk
Rl£EERE, 2011, 26(12): 1248-1259. [ZHAN Changlin, CAO Junji,
HAN Yongming, et al. Research progress on reconstruction of pa-
leofire history[J]. Advances in Earth Science, 2011, 26(12): 1248-
1259.]

(8] vLisy, GeaBIE. ki P sk g RS SR AN AN FIEB) K R T
HERE [J]. Mg 5 S IU 40 MR, 2018, 38(2): 185-197. [JIANG
Hong, RAO Zhiguo. Research progress on fire history reconstruction
and its implications for climate change and human activities[J]. Mar-
ine Geology & Quaternary Geology, 2018, 38(2): 185-197.]

(9] 2, Fe/v, XUFEML, &5 SRR D) S 50K [0, RS
FPUZEH T, 2011, 31(1): 143-155. [MU Yan, QIN Xiaoguang, LTU
Jiaqi, et al. A review of black carbon study: history and current
status[J]. Marine Geology & Quaternary Geology, 2011, 31(1): 143-
155.]

[10] B, E52€, 2R RIB SN 1], IR, 2002,
4(2): 71-76. [LU Jing, WAMG Yufei, LI Chengsen. Fossil charcoal
and ancient forest fire[J]. Journal of Palacogeography, 2002, 4(2): 71-

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

76.]

T, BEIR. BT 3 RAS ) S BY AR R S Bafe v B E RO 22 K
3 52 B 5 S L (3], 28 DU 4R A 7, 2015, 35(4): 960-966. [XU Xin,
LI Yiyin. Comparison of the fire history reconstructions from three
different kinds of charcoal data on the same site, Daxing’an Moun-
tain[J]. Quaternary Sciences, 2015, 35(4): 960-966.]

FLERE, Foe gk, R, A5 IR PH A A R 10 S R PR
B[], FBIULHER, 2022, 42(2): 383-396. [DU Jianfeng, WANG
Ninglian, LI Jianyong, et al. Charcoal records of Holocene loess-soil
sequences and palacoenvironmental significance in the Luoyang
Basin[J]. Quaternary Sciences, 2022, 42(2): 383-396.]

Novenko E Y, Rudenko O V, Mazei N G, et al. Late-Holocene veget-
ation and fire history in Western Putorana Plateau (subarctic Siberia,
Russia)[J]. The Holocene, 2022, 32(5): 433-441.

PEvE, DR, AR iEAR, 4. v AR IR XX 4t B 52 R HL s ma 8
£ [J]. FIULHFTT, 2022, 42(2): 368-382. [PANG Yang, ZHOU
Bin, XU Xiangchun, et al. Holocene fire history and its influencing
factors in the monsoon region of East China[J]. Quaternary Sciences,
2022, 42(2): 368-382.]

FOCIR, P EL SO BERICR ML, BRI D). T E
BEA R R (h E L2 Bl wt e o) 18 260185, 2020. [PEI
Wengiang. Fire history in the Yangtze River and Pearl River Basins:
black carbon records from the China seas[D]. Doctor Dissertation of
Institute of Oceanography, China Academy of Sciences, 2020.]

W], INCR, RS P E AR A FUERE (1],
WL, 2021, 40(4): 1180-1194. [LI Ming, SUN Hongquan, SU
Zhicheng. Research progress in dry/wet climate variation in Northw-
est China[J]. Geographical Research, 2021, 40(4): 1180-1194.]
REE, Bt o E TSR SRR (1], KRR R,
1991, 2(4): 277-288. [XU Guochang, YAO Hui. Historical climate
changes of the West China in the Holocene[J]. Advances in Water
Science, 1991, 2(4): 277-288.]

Pk, £, U, S BRI AR R B R IR
A5 [1]. Bl2£3ER, 2015, 60(31): 2963-2976. [YAO Yifeng, WANG
Xia, XIE Gan, et al. Holocene vegetation succession and climate-en-
vironment change in Xinjiang Region[J]. Chinese Science Bulletin,
2015, 60(31): 2963-2976.]

HIFE RS AR TIRIC R AT I DUk MR A2 (D).
o b5 K (65D 1A 3¢, 2017. [LIU Jin. Paleoclimate
changes during Holocene recorded by lake sediment in central East
Inner Mongolia[D]. Doctor Dissertation of China University of
Geosciences (Beijing), 2017.]

E. 2R RIE AR B R B TE T 5 X A R AR
6 [D]. 220 K20+ 24718 3, 2009. [WANG Liangliang. Multi-
proxy data analysis on Holocene climate changes in western arid
China[D]. Master Dissertation of Lanzhou University, 2009.]

WM, WA, PR, 45, TE TR AT I L e T AR S 1 R
R BRSO (3], E AR A RO, 2010, 18(1): 25-30. [TAN
Zhihai, HUANG Chunchang, PANG Jiangli, et al. Charcoal records
of Holocene loess-soil sequences and its palacoenvironmental signi-
ficance in Weihe River Drainage[J]. Chinese Journal of Eco-Agricul-

ture, 2010, 18(1): 25-30.]


https://doi.org/10.1016/j.palaeo.2015.07.028
https://doi.org/10.1016/j.palaeo.2015.07.028
https://doi.org/10.1016/j.palaeo.2015.07.028
https://doi.org/10.1016/j.palaeo.2018.01.029
https://doi.org/10.1016/j.palaeo.2018.01.029
https://doi.org/10.1016/j.palaeo.2018.01.029
https://doi.org/10.1016/j.palaeo.2020.109700
https://doi.org/10.1016/j.palaeo.2020.109700
https://doi.org/10.1016/j.palaeo.2020.109700
https://doi.org/10.3969/j.issn.1671-1505.2002.02.009
https://doi.org/10.3969/j.issn.1671-1505.2002.02.009
https://doi.org/10.11928/j.issn.1001-7410.2015.04.17
https://doi.org/10.11928/j.issn.1001-7410.2015.04.17
https://doi.org/10.1177/09596836221074034
https://doi.org/10.3321/j.issn:1001-6791.1991.04.010
https://doi.org/10.3321/j.issn:1001-6791.1991.04.010
https://doi.org/10.3321/j.issn:1001-6791.1991.04.010
https://doi.org/10.1360/N972015-00548
https://doi.org/10.1360/N972015-00548
https://doi.org/10.3724/SP.J.1011.2010.00025
https://doi.org/10.3724/SP.J.1011.2010.00025
https://doi.org/10.3724/SP.J.1011.2010.00025
https://doi.org/10.3724/SP.J.1011.2010.00025

166

T M S5 5 1 20 M S

2024 4 2 A

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

WG, B, PR, 55, PR B L AT I P
KRIEICTE [J]. 5 PULHETT, 2008, 28(4): 733-738. [TAN Zhihai,
HUANG Chunchang, PANG Jiangli, et al. Charcoal recorded Holo-
cene fire history in the northern part of the Longdong Loess
Plateau[J]. Quaternary Sciences, 2008, 28(4): 733-738.]

JABTER, A5/, BATE R, S B R DXOR A S AR LR K
IR (7). BFFER, 2011, 56(4-5): 318-326. [ZHOU Xinying, LI
Xiaoqiang, ZHAO Keliang, et al. Early agricultural development and
environmental effects in the Neolithic Longdong basin (eastern
Gansu)[J]. Chinese Science Bulletin, 2011, 56(8): 762-771.]

RS, AR, PR, 55, JE AR A W it IR K I s 5 AR
TR IR EIC T (1], MO 240 JERRLERR, 2014, 44(4):
1297-1306. [TAN Zhihai, HUANG Chunchang, PANG Jiangli, et al.
Wildfire history and human land use over Weihe River Basin Since
Holocene: evidence from charcoal records[J]. Journal of Jilin Uni-
versity: Earth Science Edition, 2014, 44(4): 1297-1306.]

VLR, B B Ak F T At O SRR sk 5 K
&l [D]. % TR K427 18 3¢, 2017. [FAN Huichen. The
black carbon record of Holocene fire history and human activities in
the Yangguanzhai archeological site of Gaoling[D]. Master Disserta-
tion of Xi’an Polytechnic University, 2017.]

Huang C C, Pang J L, Chen S E, et al. Charcoal records of fire his-
tory in the Holocene loess-soil sequences over the southern Loess
Plateau of China[J]. Palacogeography, Palaeoclimatology, Palacoeco-
logy, 2006, 239(1-2): 28-44.

Tan Z H, Huang C C, Pang J L, et al. Holocene wildfires related to
climate and land-use change over the Weihe River Basin, China[J].
Quaternary International, 2011, 234(1-2): 167-173.

RXTEGE, 506 1, SRS, 45, 5 mn TR T Rt DX g ¥4 P i S ok
I B3 AL 5 N5 30 [J]. HhER IR BT 243, 2016, 7(1): 19-26.
[ZHAO Yajuan, HOU Guangliang, E Chongyi, et al. Charcoal con-
centration reflect of environment change and human activities in Xi-
adawu Relic, Qinghai-Tibet Plateau[J]. Journal of Earth Environment,
2016, 7(1): 19-26.]

LR, WER, GOCR, 55 FIRWIVLTE 2 S8t bl 8 W R S
HIFRER A5 NG 50 [T]. HhERFREE 2441, 2015, 6(2): 98-105. [JI-
ANG Yingying, E Chongyi, HOU Guangliang, et al. Charcoal con-
centration reflect of environment change and human activities in
Qinghai-Lake JXG2 relic[J]. Journal of Earth Environment, 2015,
6(2): 98-105.]

ARIGE, SMIR, R, & FH IS IR LRI 14 cal. ka
B. P. DIRAE R SR AL I 5 [J]. SEVILRT AL, 2021, 41(5): 1229-
1243. [YU Yinghao, JIN Yingyu, XU Deke, et al. Vegetational and
climatic changes in the Hurleg Lake, Qinghai, during the last 14000
years[J]. Quaternary Sciences, 2021, 41(5): 1229-1243.]

RS, A IR HE VR A AR AR S 1T SR AR AR AR 4L [D]. =
PR A 2447 183, 2012. [ZHAO Wenwei. Holocene environ-
mental changes inferred by pollen and charcoal records from the
Zoige Basin[D]. Master Dissertation of Lanzhou University, 2012.]
XREE, FAGH X A A SARFAF AT [D]. KRR 22 AL iR
3¢, 2011. [DENG Qin. The climatic evolution during the Holocene in

the Baoji region[D]. Master Dissertation of Chang'an University,

[33]

[34]

[35]

[36]

[37]

[38]

(39]

[40]

[41]

[42]

[43]

2011.]

Li J Y, Wang N L. Holocene grassland fire dynamics and forcing
factors in continental interior of China[J]. Geophysical Research Let-
ters, 2020, 47(13): €2020GL088049.

Miao Y F, Zhang D J, Cai X M, et al. Holocene fire on the northeast
Tibetan Plateau in relation to climate change and human activity[J].
Quaternary International, 2017, 443: 124-131.

A5 ToM. AL A SRR ;. 4700 45 DLSKIR SRS W ASHE 7T [D].
FARR 2546718 3, 2019. [LI Yumei. Vegetation and environ-
ment changes of the typical wetland since 4700 yr BP in the northern
part of Xinjiang[D]. Doctor Dissertation of Jilin University, 2019.]
TR, ZRIRNE, Th, 45, 8 WAL 1C T 0 o A e 76 XX 4
RS R [J]. P E R HERRLE, 2013, 43(2): 243-
255. [JIANG Qingfeng, JI Junfeng, SHEN Ji, et al. Holocene vegeta-
tional and climatic variation in westerly-dominated areas of Central
Asia inferred from the Sayram Lake in northern Xinjiang, Chinal[J].
Science China Earth Sciences, 2013, 56(3): 339-353.]

PR, Bl A< X 47t S8R0 TR PR BB AR SR SR A8 AL (D). %2
TARRF 54183, 2016. [[SUN Bin. Holocene records of
Black Carbon in the loess and paleo-soil profiles and it’s environ-
mental changes in Longdong region[D]. Master Dissertation of Xi'an
Polytechnic University, 2016.]

TR ZG0Z B —IR B W AT I T O SRR A 2 e SR
K Z W5 [D]. 22 K& L5018 3, 2016. [ZHANG Shanjia.
Temporal-spatial differences and influencing factors of paleo-fire his-
tory during middle and late Holocene in northwest China[D]. Doctor
Dissertation of Lanzhou University, 2016.]

HE z, #IRE, X, 55, FR S A0 b aofr t LUK & 2 M
O IE T 5 IR IE [7]. fldl A2 4k, 2006, 23(1): 77-86.
[XIAO Xiayun, JIANG Qingfeng, LIU Xinggi, et al. High resolution
sporopollen record and environmental change since Holocene in the
Waulungu Lake, Xinjiang[J]. Acta Micropalacontologica Sinica, 2006,
23(1): 77-86.]

TNHITE, ALTIRK, SRR, 55, B SEER LTI 2 A 14000 4F LAk
AL RS (7). BB DULEHE AL, 1994, 14(3): 239-248. [SUN Xi-
angjun, DU Naiqiu, WENG Chengyu, et al. Paleovegetation and pa-
leoenvironment of Manasi Lake, Xinjiang, N. W. China during the
last 14000 years[J]. Quaternary Sciences, 1994, 14(3): 239-248.]
FI5. EEX AR ORI fR 45 55 8 (D] AR ER S
2EGEA A 2218 3, 2015. [WANG Fang. Research of structural
geology and genesis of Pollen assemblages and Paleoenvironment
since Holocene in the Weinan region[D]. Master Dissertation of
Shijiazhuang University of Economics, 2015.]

BTar, BRARIE, A PEALT R XA TTRIC S RN A
150 2 R AR A [T]. V7 10 0T 5 58 U 42 1R, 2004, 24(2): 101-
108. [JIN Liya, CHEN Fahu, ZHU Yan. Holocene climatic period-
icities recorded from lake sediments in the arid-semiarid areas of
Northwestern China[J]. Marine Geology & Quaternary Geology,
2004, 24(2): 101-108.]

Shen J, Liu X Q, Wang S M, et al. Palacoclimatic changes in the
Qinghai Lake area during the last 18, 000 years[J]. Quaternary Inter-
national, 2005, 136(1): 131-140.


https://doi.org/10.3321/j.issn:1001-7410.2008.04.027
https://doi.org/10.3321/j.issn:1001-7410.2008.04.027
https://doi.org/10.1016/j.palaeo.2006.01.004
https://doi.org/10.1016/j.palaeo.2006.01.004
https://doi.org/10.1016/j.palaeo.2006.01.004
https://doi.org/10.1016/j.quaint.2010.03.008
https://doi.org/10.7515/JEE201502004
https://doi.org/10.7515/JEE201502004
https://doi.org/10.1016/j.quaint.2016.05.029
https://doi.org/10.1016/j.quaint.2004.11.014
https://doi.org/10.1016/j.quaint.2004.11.014
https://doi.org/10.1016/j.quaint.2004.11.014

a4 51

XS, 2 v PG DX e 4 T g sk 4R Al o A g R A 167

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

B, R, SR, 5 RGBT AR Sk AR AR A
FFREEEEAL [J]. HhER2:3R, 2007, 28(6): 528-534. [MAO Hongliang,
ZHAO Hua, LU Yanchou, et al. Pollen assemblages and environment
evolution in Shule River alluvial fan oasis of Gansu[J]. Acta
Geoscientia Sinica, 2007, 28(6): 528-534.]

BUBear, 5Kk, MpRat, S5, HTSRATI w3 4800 4F LK
WEEAR [J]. W B S S D0 2 T, 2018, 38(4): 203-211.
[DUAN Xiaohong, ZHANG Yun, YANG Zhenjing, et al. Environ-
mental evolution of the Moguhu Wetland of Shihezi City in Xinjiang
since 4800 cal. a BP[J]. Marine Geology & Quaternary Geology,
2018, 38(4): 203-211.]

ks, LIRS, (M, 5. HTsH I MERIAIE L 4550 4 LR AIRIC
SRR EE AR [0]. Blefimik, 2008, 53(3): 306-316. [ZHANG Yun,
KONG Zhaochen, NI Jian, et al. Pollen record and environmental
evolution of Caotanhu wetland in Xinjiang since 4550 cal. a BP[J].
Chinese Science Bulletin, 2008, 53(7): 1049-1061.]

LT, 2 e, FLIE R, 45, 5 8RS AR T8 i1 0 T B Ftkn 0 R e
B IR R4 [7]. SEPUZEHE 5T, 2004, 24(4): 463-468. [YAN
Shun, LI Shufeng, KONG Zhaochen, et al. The pollen analyses and
environment changes of the Dongdaohaizi area in Uriimqi,
Xinjiang[J]. Quaternary Sciences, 2004, 24(4): 463-468.]

Carcaillet C, Richard P J H. Holocene changes in seasonal precipita-
tion highlighted by fire incidence in eastern Canada[J]. Climate Dy-
namics, 2000, 16(7): 549-559.

Carcaillet C, Bouvier M, Fréchette B, et al. Comparison of pollen-
slide and sieving methods in lacustrine charcoal analyses for local and
regional fire history[J]. The Holocene, 2001, 11(4): 467-476.
Carcaillet C, Almquist H, Asnong H, et al. Holocene biomass burn-
ing and global dynamics of the carbon cycle[J]. Chemosphere, 2002,
49(8): 845-863.

AKREAL, M= SC. T B bR K ST TE LRk
118-123. [DI Liying, SUN Renyi. Summarization of research on
forest fire in China[J]. Journal of Catastrophology, 2007, 22(4): 118-
123.]

[J]. KE2E, 2007, 22(4):

Xu Q H, Tian F, Bunting M J, et al. Pollen source areas of lakes with
inflowing rivers: modern pollen influx data from Lake Baiyangdian,
China[J]. Quaternary Science Reviews, 2012, 37: 81-91.

TR, o PG G A B I s AR AR e R X i A SR B
[D]. 224 KA+ 2247 8 3, 2020. [ZHANG Enyuan. Spatiotem-
poral changes of Holocene moisture across northwestern China and
regional prehistoric human activities[D]. Master Dissertation of Lan-
zhou University, 2020.]

Zhang D L, Huang X Z, Liu Q, et al. Holocene fire records and their
drivers in the westerlies-dominated Central Asia[J]. Science of the
Total Environment, 2022, 833: 155153.

Sk, T T, WIREH, A o [ AR BORE ORI R M 2t
WARAL ], MR, 2014, 33(6): 786-798. [GUO Chao, MA
Yuzhen, HU Calili, et al. Holocene humidity changes in inland China
inferred from lake sediments[J]. Progress in Geography, 2014, 33(6):
786-798.]

BOGR, JrEE. o E A XSRS A AR SRR AE 2> A
[J]. 22K, 2012, 14(2): 243-252. [HOU Guangliang, FANG

(571

(58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

Xiuqi. Characteristics analysis and synthetical reconstruction of re-
gional temperature series of the Holocene in China[J]. Journal of Pa-
lacogeography, 2012, 14(2): 243-252.]

PR, Jriem. T EeR AR RE (1] R R,
2011, 30(9): 1075-1080. [HOU Guangliang, FANG Xiugqi. Character-
istics of Holocene temperature change in China[J]. Progress in Geo-
graphy, 2011, 30(9): 1075-1080.]

JiEE, GOtR. R AR AR E R [J]. PR,
2011, 31(4): 385-393. [FANG Xiugi, HOU Guangliang. Synthetic-
ally reconstructed Holocene temperature change in China[J]. Scientia
Geographical Sinica, 2011, 31(4): 385-393.]

BN, Wik, A5z, &% 5000 4 EARAF S EE [J].
HAREBLEHERE, 2006, 16(6): 689-696. [GE Quansheng, WANG
Shunbing, ZHENG Jingyun. Reconstruction of temperature change
sequence in China in the past 5000 years[J]. Progress in Natural Sci-
ence, 2006, 16(6): 689-696.]

TG, JetEk, JIDIR, &5 Sl oG b G 9 R W SRR S R
id3% [J]. @R, 2016, 47(3): 518-524. [TAN Zhihai, LONG
Yanxia, FAN Huichen, et al. Records of charcoal and black carbon in
Holocene loess-paleosol profiles from Guanzhong Basin[J]. Chinese
Journal of Soil Science, 2016, 47(3): 518-524.]

TR, FLRE R, 00, 55, o [E 4 tH R I <05 d sl 5
HOF (1] R EBE: B #, 1992(12): 1300-1308. [SHI Yafeng,
KONG Zhaochen, WANG Sumin, et al. Climate fluctuations and im-
portant events during the Holocene great warm period in China[J].
Scientia Sinica: Chimica, 1992(12): 1300-1308.]

ERR, FEF, B, TR (B4 6-4 T4F) o E Kk ()]
R E B S EEE A, 2011, 26(2): 5-13. [WANG Shaowu, WEN
Xinyu, HUANG Jianbin. Climate in China during the Five-Emperor
Period: 6-4 kaBP[J]. Journal of Chinese Historical Geography, 2011,

26(2): 5-13.]
BN, BOCR, E55757, % PEACT AR K s O H A BT
[J]. H#EFREE, 2017, 27(3): 126-130, 139. [HOU Xiaoging, HOU

Guangliang, WANG Fangfang, et al. Comparative analysis of Holo-
cene precipitation zoning in northern China[J]. Journal of Qinghai
Environment, 2017, 27(3): 126-130, 139.]

AN, AR, A, S AR b BURAEORAE 1],
R 5 55 P08 3, 2003, 23(3): 109-114. [LI Xiaogiang, AN
Zhisheng, ZHOU lJie, et al. Characteristics of vegetation in the Loess
plateau area since Holocene[J]. Marine Geology & Quaternary Geo-
logy, 2003, 23(3): 109-114.]

Ze/Ne, BRI, EEE, A5 ZRAC V0P A I ks S S
RS AR FI 5 R [T]. HhERALSE, 2005, 25(2): 177-182. [LI Xiaoqi-
ang, ZHAO Hongli, YAN Minhua, et al. Fire variations and Relation-
ship among Fire and Vegetation and Climate during Holocene at
Sanjiang Plain, Northeast China[J]. Scientia Geographica Sinica,
2005, 25(2): 177-182.]

2R/, o [ AR AR AARE ST SRR (7] R
R, 2013, 43(12): 1919-1928. [LI Xiaogiang. New progress in
the Holocene climate and agriculture research in China[J]. Science
China Earth Sciences, 2013, 56(12): 2027-2036.]

FRICKE, FAZE. 4000aB. P. i J5 AR ME = KASIE 5 v it ) 6l b X


https://doi.org/10.3321/j.issn:1006-3021.2007.06.003
https://doi.org/10.3321/j.issn:1006-3021.2007.06.003
https://doi.org/10.3321/j.issn:1006-3021.2007.06.003
https://doi.org/10.3321/j.issn:0023-074X.2008.03.007
https://doi.org/10.3321/j.issn:0023-074X.2008.03.007
https://doi.org/10.1007/s003820000062
https://doi.org/10.1007/s003820000062
https://doi.org/10.1007/s003820000062
https://doi.org/10.1191/095968301678302904
https://doi.org/10.1016/S0045-6535(02)00385-5
https://doi.org/10.3969/j.issn.1000-811X.2007.04.026
https://doi.org/10.3969/j.issn.1000-811X.2007.04.026
https://doi.org/10.1016/j.quascirev.2012.01.019
https://doi.org/10.1016/j.scitotenv.2022.155153
https://doi.org/10.1016/j.scitotenv.2022.155153
https://doi.org/10.11820/dlkxjz.2014.06.007
https://doi.org/10.11820/dlkxjz.2014.06.007
https://doi.org/10.7605/gdlxb.2012.02.011
https://doi.org/10.7605/gdlxb.2012.02.011
https://doi.org/10.7605/gdlxb.2012.02.011
https://doi.org/10.7605/gdlxb.2012.02.011
https://doi.org/10.11820/dlkxjz.2011.09.001
https://doi.org/10.11820/dlkxjz.2011.09.001
https://doi.org/10.11820/dlkxjz.2011.09.001
https://doi.org/10.11820/dlkxjz.2011.09.001
https://doi.org/10.3321/j.issn:1002-008X.2006.06.008
https://doi.org/10.3321/j.issn:1002-008X.2006.06.008
https://doi.org/10.3321/j.issn:1002-008X.2006.06.008
https://doi.org/10.3321/j.issn:1002-008X.2006.06.008

168

TR T 35T 15 58 0 44 5T

2024 4 2 A

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

s LIRS [J]. BB DU LLHT JE, 2004, 24(3): 278-284. [WU
Wenxiang, LIU Dongsheng. Variations in east Asia monsoon around
4000. B. P. and the collapse of neolithic cultures around central
plain[J]. Quaternary Sciences, 2004, 24(3): 278-284.]

FICHE, XZRAE. 4000aB. P. i Bl B4 55 v SO IRTEAE (7).
BIULHE T, 2001, 21(5): 443-451. [WU Wenxiang, LIU Dong-
sheng. 4000a B. P. event and its implications for the origin of An-
cient Chinese civilization[J]. Quaternary Sciences, 2001, 21(5): 443-
451.]

FICHE, B, 1%, X ISR 5 A 8 SO

[I1. H ST, 2009(4): 31-37. [WU Wenxiang, ZHOU Yang, HU
Ying. Holocene climate change and the rise and fall of Neolithic cul-
tures in the Ganqing areas[J]. Cultural Relics of Central China,
2009(4): 31-37.]

MR LR, B1/NE, %3, 55, TEH o5 XA i R AL R 7
B DL SR T 10 S A ) (D], SR U 22T 9L, 2006, 26(6):
881-887. [CHEN Fahu, HUANG Xiaozhong, YANG Meilin, et al.
Westerly dominated Holocene climate model in arid central Asia:
case study on Bosten Lake, Xinjiang, China[J]. Quaternary Sciences,
2006, 26(6): 881-887.]

BELE. SRR X it DRI AL & S AU e
[D]. A R FEG 2B+ 20014 3, 2013. [ZHAO Kaihua. Palyno-
logical assemblages and Paleoclimate quantitative reconstruction in
the Ebinur Lake region since the Holocene[D]. Master Dissertation of
Shijiazhuang University of Economics, 2013.]

GRIR, BRRIE, IR, HE X i e i i e 5 N0
1] TR X HEE, 2002, 25(2): 160-164. [AN Chengbang, CHEN
Fahu, FENG Zhaodong. Study on the relationship between the veget-
ation change and the human activities in the Gansu-Qinghai region
during the period from mid-to late-Holocene[J]. Arid Land Geo-
graphy, 2002, 25(2): 160-164.]

SEE. ACAK B AT A R B S [D]. 78 AL R it
+2E467 8 3¢, 2019. [MA Qinyu. Destruction and influence of North-
ern Song dynasty on vegetation in Yellow River Basin[D]. Master
Dissertation of Northwest Normal University, 2019.]

M, SRMSAE, FHTER, &5 BRIE RS hH A S AR R B
VIR [1]. % 5308, 2012(4): 55-59, 103. [SHANG Xue, ZHANG
Pengcheng, ZHOU Xinying, et al. A preliminary study on early agri-
cultural activities at the Neolithic site of Xiahe in Shaanxi
Province[J]. Archaeology and Cultural Relics, 2012(4): 55-59, 103.]
BER, B KT L BRSSO RGBT 1], P EL R,
1988(1): 33-39, 49. [FAN Zhimin, FENG Feng. Study on drought
and agricultural problems in history[J]. Agricultural Archaeology,
1988(1): 33-39, 49.]

Jr ik, XA, Bt R o E A R R KR R R B AR E A2 [T]
HhE AR 2011, 31(11): 1287-1292. [FANG Xiuqi, LIU Cuihua,
HOU Guangliang. Reconstruction of precipitation pattern of China in
the Holocene Megathermal[J]. Scientia Geographica Sinica, 2011,
31(11): 1287-1292.]

FHGUE. S AR AFT B L PR AN A SRR [D]. K2R
it 224718 3, 2011. [WANG Juchan. A record on the climate

change during Holocene in the eastern of Guanzhong[D]. Master Dis-

(78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

(86]

[87]

[88]

sertation of Chang'an University, 2011.]
JEOUR, AR, 2R, S5 SRR TEED 4 T2 E LRI S I
BEARG I UM R 3% [T]. o A% 3k, 2007, 46(1): 45-61. [TANG
Lingyu, LI Chunhai, AN Chengbang, et al. Vegetation history of the
western loess plateau of China during the last 40ka based on pollen
record[J]. Acta Palacontologica Sinica, 2007, 46(1): 45-61.]
TR, B v R G T B oy R AT ()], e
224, 1989, 44(1): 1-10. [HUANG Chunchang. Loss-palacosoil and
climatic changes on southern loess plateau in late Pleistocene[J]. Acta
Geographica Sinica, 1989, 44(1): 1-10.]
FEA. BT 3100 £ETT SRR 5 AHOG REAE (], R
%%,2001, 21(1): 30-35. [HUANG Chunchang. The deterioration of
land resources and the change in Human-Earth relationships in the
Weihe River Basin at 3100 a B. P. [J]. Scientia Geographica Sinica,
2001, 21(1): 30-35.]
B, 2R, Ak, S5, HORH R 2 RS A S
XN ZIE SR [J]. HhE A4, 1996, 51(1): 59-69. [MO
Duowen, LI Fei, LI Shuicheng, et al. A preliminary study on the pa-
leoenvironment of the middle Holocene in the Hulu river area in
Gansu province and its effects on human activity[J]. Acta Geograph-
ica Sinica, 1996, 51(1): 59-69.]
JiER, I, KA AR IR E R A RO R R
SC[7). EARVEIEAEAR, 1998, 13(1): 16-22. [FANG Xiugi, ZHANG
Wenbo, ZHANG Lansheng. The land use arrangement of china in the
Holocene Megathermal period and its significance[J]. Journal of Nat-
ural Resources, 1998, 13(1): 16-22.]
R, B IR, ALAR, A OROR R AT IR R AL (1], TR X
2003, 26(1): 17-22. [ZHAO Jingbo, HOU Yongjian, DU Juan, et
al. Holocene environmental changes in the Guanzhong Plain[J]. Arid
Land Geography, 2003, 26(1): 17-22.]
SR KRB S E L F X ARSI RUTA (D] B
K 2 4 24718 5T, 2007. [JIN Yonggiang. Song and the tangut
war and the loess plateau area ecological environment relations stud-
ies[D]. Master Dissertation of Shaanxi Normal University, 2007.]
P, DR, Ty, 4 TEBCE TR A S ATE B
AALFAO R 5 [J]. HERFREE 2441, 2014, 5(6): 400-409. [YIN
Jun, LUO Yuhong, FANG Xiuqi, et al. The climatic and harvest
backgrounds of dynastic flourishing ages and transitions in China dur-
ing 210 BC to 960 AD[J]. Journal of Earth Environment, 2014, 5(6):
400-409.]
XUBE, JRE, TR o B AL R AR R GRS R L S R
BEAALII SR [J]. LRI R 2240 FARBLARL, 2016, 52(4):
450-457. [LIU Lu, SU Yun, FANG Xiugqi. Wars between farming
and nomadic groups from Western Han Dynasty to Qing Dynasty in
north China and relationship with temperature change[J]. Journal of
Beijing Normal University: Natural Science, 2016, 52(4): 450-457.]
Tan L C, Cai Y J, An Z S, et al. Centennial-to decadal-scale mon-
soon precipitation variability in the semi-humid region, northern
China during the last 1860 years: records from stalagmites in
Huangye Cave[J]. The Holocene, 2011, 21(2): 287-296.
HMRES. ZUUN WAL R I R SRS HR S R RERE 7 (D). 7EIbak
MBI 2% 6718 5, 2008. [LIU Junxia. A study on northw-


https://doi.org/10.3321/j.issn:1000-6060.2002.02.012
https://doi.org/10.3321/j.issn:1000-6060.2002.02.012
https://doi.org/10.3321/j.issn:1000-6060.2002.02.012
https://doi.org/10.3321/j.issn:1000-6060.2002.02.012
https://doi.org/10.3969/j.issn.1000-0690.2001.01.006
https://doi.org/10.3969/j.issn.1000-0690.2001.01.006
https://doi.org/10.3969/j.issn.1000-0690.2001.01.006
https://doi.org/10.3321/j.issn:1000-3037.1998.01.003
https://doi.org/10.3321/j.issn:1000-3037.1998.01.003
https://doi.org/10.3321/j.issn:1000-3037.1998.01.003
https://doi.org/10.3321/j.issn:1000-3037.1998.01.003
https://doi.org/10.7515/JEE201406006
https://doi.org/10.7515/JEE201406006
https://doi.org/10.1177/0959683610378880

FAdEE 1

XS, 2 v PG DX e 4 T g sk 4R Al o A g R A 169

[89]

[90]

[91]

[92]

[93]

[94]

est agricultural development and ecological environment problems in
Qin and Han dynasties[D]. Master Dissertation of Northwest A&F
University, 2008.]

FEAG. ZRU S Al 3 SRR AE R S R 3% 0], b
K2R HARBIIR, 2014, 44(1): 150-155. [DU Juan. The re-
gional characteristics and influence factors of agricultural land use in
Guanzhong area during Qin and Han Dynasties[J]. Journal of North-
west University: Natural Science Edition, 2014, 44(1): 150-155.]
R, WX, ZEEMS. 3 2 ka SRR SRS [J]. HOBRFL
B3R, 2002, 17(1): 110-117. [YANG Bao, SHI Yafeng, LI Heng-
peng. Some advances in climatic change over the past two
millennia[J]. Advances in Earth Science, 2002, 17(1): 110-117.]
EETE, 2K, M. HUREARE. I3l RIS
A5 AZ AL HIE 5C 1)t 7R B [T]. BB UL 5%, 2021, 41(3): 824-841.
[REN Guoyu, JIANG Dabang, YAN Qing. Characteristics, drivers
and feedbacks of paleo-climatic variations and the implications for
modern climate change research[J]. Quaternary Sciences, 2021,
41(3): 824-841.]

AR, ZE, SRS TG E R AR G B At e AL X LEE Y
[J]. SEPULHEFE, 2017, 37(3): 581-596. [WANG Yue, LI Yu,
ZHANG Chengqi. The comparative study of paleolakes evolution
between the eastern and western parts of the Hexi Corridor in Holo-
cene[J]. Quaternary Sciences, 2017, 37(3): 581-596.]

Ve L. B R AR ST TR E R L SR AR A A SR8 (D). =
PR 2 224738 3, 2011, [TAO Shichen. Pollen record of veget-
ation and environmental changes from lakes’ sediment in eastern
Xinjiang China, during the Holocene[D]. Doctor Dissertation of Lan-
zhou University, 2011.]

SRURRE. 7 5L ECWE 25 1 LORIF S ACHT 4 [D]. b5
KE 24474 3L, 2016. [SONG Shuyao. Holocene climate change

in the Ebinur Lake wetland, Xinjiang, China[D]. Master Dissertation

[95]

[96]

[97]

(98]

[99]

[100]

[101]

of Hebei Geo University, 2016.]

HEAAR, SRV FTIRE A 35000 4ER SRR [1]. M
FHAER, 1990, 45(3): 350-362. [HAN Shuti, YUAN Yujiang. The se-
quence of paleoclimatic variation of Balikun lake of Xinjiang in the
part 35000 years[J]. Acta Geographica Sinica, 1990, 45(3): 350-362.]
FEAPUMY, B, om0 HLSh ) AT PR 0 % J BXaont LUATF 7 ).
U ZEHE AT, 2008, 28(4): 610-620. [XUE Jibin, ZHONG Wei. Holo-
cene climate change recorded by lacustrine sediments in Barkol Lake
and its regional comparison[J]. Quaternary Sciences, 2008, 28(4):
610-620.]

PRABH. 3 S AEAR T X e A S R BT 45IR ()], AR
TEEEEBE 4], 2013, 34(9): 99-101. [XU Heyang. Research summary
on historical climate change impact on ancient Chinese society[J].
Journal of Harbin University, 2013, 34(9): 99-101.]

USRI K I e [ AR P 8 R R (7], 5500 SR,
2001(4): 99-103. [LIU Jiakun. The application and development of
fire attack in the feudal dynasties of past ages[J]. Military Historical
Research, 2001(4): 99-103.]

Eete. HpIE K9 S (ZRE~ 1949 4F) faHT [1]. h H e AR AR,
2004, 14(5): 67-71. [ZHONG Maohua. Brief analysis on history of
fire in China (221 B. C. «» 1949 A. D.)[J]. China Safety Science
Journal, 2004, 14(5): 67-71.]

Wth, WA, VR AR A S R AE 0] R,
1997(2): 77-83. [YANG Ming, LIU Chunming. Climate change and
ethnic migration in the Western Zhou Dynasty[J]. Cultural Relics of
Central China, 1997(2): 77-83.]

Tan L C, Cai Y J, Cheng H, et al. Centennial-to decadal-scale mon-
soon precipitation variations in the upper Hanjiang River region,
China over the past 6650 years[J]. Earth and Planetary Science Let-
ters, 2018, 482: 580-590.


https://doi.org/10.3321/j.issn:1001-8166.2002.01.017
https://doi.org/10.3321/j.issn:1001-8166.2002.01.017
https://doi.org/10.3321/j.issn:1001-8166.2002.01.017
https://doi.org/10.11928/j.issn.1001-7410.2021.03.17
https://doi.org/10.11928/j.issn.1001-7410.2021.03.17
https://doi.org/10.11928/j.issn.1001-7410.2017.03.14
https://doi.org/10.11928/j.issn.1001-7410.2017.03.14
https://doi.org/10.11821/xb199003011
https://doi.org/10.11821/xb199003011
https://doi.org/10.11821/xb199003011
https://doi.org/10.3321/j.issn:1001-7410.2008.04.013
https://doi.org/10.3321/j.issn:1001-7410.2008.04.013
https://doi.org/10.3969/j.issn.1009-3451.2001.04.014
https://doi.org/10.3969/j.issn.1009-3451.2001.04.014
https://doi.org/10.3969/j.issn.1009-3451.2001.04.014
https://doi.org/10.3969/j.issn.1003-3033.2004.05.017
https://doi.org/10.3969/j.issn.1003-3033.2004.05.017
https://doi.org/10.3969/j.issn.1003-3033.2004.05.017
https://doi.org/10.1016/j.epsl.2017.11.044
https://doi.org/10.1016/j.epsl.2017.11.044
https://doi.org/10.1016/j.epsl.2017.11.044

	1 研究区域及方法
	2 结果
	3 讨论
	3.1 受气候制约的火活动波动阶段（8～6 kaBP）
	3.2 植被发展与火活动平稳阶段（6～4 kaBP）
	3.3 人为诱发火事件快速上升阶段（4～2 kaBP）
	3.4 晚全新世火事件大范围发生阶段（2～0 kaBP）

	4 结论
	参考文献

