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Abstract

Paleofire reconstruction has become a hot topic in global change research with the discovery and
wide application of more and more paleofire indexes. The Holocene was a period that had a close
relation with mankind, so the research was conducted to investigate how the paleofire evolution
responded to the different climatic and environmental conditions, which provided enlightenment
for prediction of fire activity. Paleofire research demonstrated that fire occurrences were driven
by warm-dry condition on the global scale. In China, the paleofire occurrences responded to the
monsoon evolution during the early and middle Holocene. During late Holecene, human activity
has an important effect on fire frequency. This combination of current climate change and paleo-
fire research achievement revealed that the global temperature increasing has shortened the fire
cycle and enhanced the ignition possibility. The instability and non-uniformity of precipitation in-
ter-annual variability and regional distribution increased the chance of fire in drying years and
arid regions. In future work, we should focus on the reconstruction of high-resolution paleofire
evolution and investigate the mechanisms of interactions between fire, climate and human activi-
ties, because of the increasing temperature and frequency of extreme climatic events in the com-
ing decades. The research discusses the response and effect of fire on climate change and terre-
strial ecosystems under the general background of global warming, which provided the natural
background reference for human adaptation and prevention.
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HATEERAAL SR M 2 BRARIR . 52T R HFOMER R FEEIRS KRR, SR mimEEe
KK FERARMBI S BUAL, WUSIBRR, AV Z RN T RE[7]. THRNO/R G RAB PN N2 FE
e Xk RO A B R R [8]. B UK A HIVERR AL, KR IR 2 S AR I S A A J S R i
o A e L T R AE R IR KRR e B ) 1 BT B, RIE AR, 7R CO 3 — s oL
AK 100 FFHURIEZ AEWIL ] 1.4°C~5.8°C [9], ik, RIRKRAGRIRTURAZMIIR R T MR BZL
WU BI5GB AR B B AR BB AR AL T B K I T3 F T A S 38 Tt AV DK T S8 AR ) 4
R B NSRBI, KRR R KRR IR S R T, AT A T AR
P AUIE T4 RUBE b KGR I 23 PP B8 5 A S 25 A e o J32 A AR A S Aok 2 [ LR A3t 17 L 4K
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2. BNRMAREE

KR TR T 20 S ], 1941 48, BRI A7 Iversen 1 VM H G fconf it . WA
FITOUL 5 JE HEAT 1 8253t o SRAEIZAIE FU I S22 H R0 FB R N S0 Bl R 7 o X 200, SR 170
WIBRIRIL, R —OTQITERI TAE, SR T —ASEr AR Fe, BBt () a3 (6] RUSE, s b se it
J R BRI AR AL T RTRE, Dl KRB AR AT I IAESR[10]. 20 T 60 AU, JetE BB
JZRIH AR 4 E 7 KNI E[11], Dl KOR B BUE ALl . 1973 4 Smith SF 5 IRAEIEDL
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BRI I IRES 1T AN 5 38 FRBIS T K R I as VR, 1k P SR 2 vy ok i S o 2% U i
B, KRBT AR 2 [12]. 20 20 80 44X, EIR “HEPrA R SWAEREHIF13], frid
A KRBIFCHEN TR . 1996 4, “IMERAEERKK RIS &7 f5th, RAFES A5 P S )
b2 R AR 2 ey R T S B AR B ) B AR, AR K RACH R AR BN AT . 1997 4, {EJE[E
HAITFH o KRS 27 0T ARRKE GRS b KRB KT TIRAN SRR, 9 —8
AR T K O RAR I B A 7 K o R (Y B B . Pyne 45(1996) A1 Scott (2000) iR 4f 7 WA ¢ AT 42 (it 11
5T 3 S K R B, R R R R YA BT S B - LR A (8] [14] [15],  HHULHENT
IR bR KRR AE T A2 35~4.0 A4, T BLARC) Z A T3 B, JE9. T &
BRI, ubHElr, — & kROZ) Aask, SOvRAS RGN SRR HE S IR TR
We, FEAFEEICH D FURRMA R K RRER, HATTE T IRRH B
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KRB S M S AR FA PR BT B BRI IR K 7400, DALk, T DI o2 A P (F 2 2 B SR AL 272)
MR (TN AR RIE AR BB NKE (G h 5. P LB i s S b U B
T R FEAF[14] 0 IRIRES SR 7 K R B AT AR IR BN 45 R 2 RN S8 X DURRE 1 L, OF
HaXBUIRMEIEZ MR R BTN, SBOYRPILEE SISl oibaf —8ER. Fit, )
ARF HERSG ) v K SR BR ok K R ST AR R i — PR [16] o H AIX AR YUK 391 K o 2 E S FO
F2 LR B WA EEETURIOTT IR R, DURBE I (RIS - JBBR) vl KRR EhR, 458
OB BT I AR RS AL S Sl AT, BRI KR - U0 - R Z IR R A k. 2488, AR FR X
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AR K B KR F T BRI AR AR5 JOEIT SN P LA SR BEREAT 8o AN IR [ AT
LRI, TR T AR MR K o AR SRR KOS 3 AT BB W AR K S i s, IRz 82
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A LA M KR B2 (] o)A SR SR RE SR AR AR IR IS R M kR P s, BB AL A R,
XA A RUEE B AR A A SR BR1E[18] -

3.2. MARPHIRBAH

WRIE R TE AR B TR &, REEWIA . Y. SR KR TR, 2
ST KR AT EAIESG . 7R A 55 70 AT B T 57 I S R AR R L R Y AN AR
o IR R ERGUANIEES T, ATCAE AL LT R B JUTERBKFR D Ll Bk, %
JEAE 9ty KR AR TR 2 N o AR TR K, 5 S AN F I TE] RUBE G, RE Bt K
FEFIIS TR E5EE[19],  HASFDRIAR 2 JE (¥ 70 A i] UK PRI BE RS, REAR K (>100~200 pm) ) 7% /5
HHASITHARIE, ] DU BRIX 8ok & $FF[20] [21] [22]
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AR R AN R 73T AR K R A AIAL 22 7s BRR, R I KR AR FR[ 23], XML &)
FERRBERT 7 A 8, I DRSS E R « AR AN I At A 2 (0L L 2 SRADL FR 0 55 B0 - i AR M i 24 7
ARSI BERIE T K R i 1O 1 B At B PR R e 4, IR O Tl H A N2
KRBV EILE, MM TIRESWER S KREA T I RER, B —E R RIRE,
it — b 2 bR S E EAEAE T Tk dn 2 JE TR, Tk dr 2 BT RIUTRD AL 2R S0 5 2 AR
%, AELURIN[24]; X T AT A B 70 FAR SRR EE 15 ANE L BN BT TS ANk
PRI, R 707 hm S F S KR S 22 8 R SR ORI AR 2> B FH B ) FRUBE (I 7T

3.4. WET

KRR A 2 B B (BRI R W B A S G2 28 SO R, 3 (R ORI 1k Bk 0 4 B
FERRRE R R SRR A A B IR SR RN E S ALY, T LS s BR A NE S AL W A RER AT ARG AR Pk Y 22
73[25] [26]. KBEZ 5, SRR IX I KA 2 AR 1k ] B 5 O AR W4 AR5 RN 2 T AE W R T AR
JRHLZ . SR, HABR AT e S BUR S X rh e S B, skt - A R RS S
ST SRR R T R IR 2 W AR T BSOS XA R, Tk R AT RE 51 AR R B G A S
[27] [28]- It Ak vy L e T 240 1 A T E 5 S - 38 S OB rh i 2 5 B 502 [28] [29], < IR s
DLR B ok 9k 2 Ah HeAy PR 3R 51 4 i P A3 S L H 2 B2 vh & A KRB R R4 BT e S B iR o
W25 5 HOVEARL[29] o TR 2 2 M0 EAE O i SR 2 25 B0 — AN A (9 AR F [30] [31]. B
bb, WEEZHBNIR NI U W] RE S Bid 25 JORFAF R A RISRE . SRR MR, NIX 7 AR KA A K H
BB T RENE . AR Z A RBEE SRR 5 2 BV T- YL R IS0, RIMAE JCR T S B g e v 7 i
ARMRZ .
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I KRITIEAT e % R EIFREWE T KR - AR U, HAs S SRE R ORE - ek
SEYR K G RAA S AR 2 8] 2R R ISR S FOIE AR B o X KR - SRR S PEEAT R TR
S THI AR SR FU S [ P AR AU R B B R R T T

4. HRRHFRZES M
4.1 HAKREZE ST

FEAY) 4.3 ACAERTREYIRRIN GG AN, KAE R A AN H 5 7 SR BRI R, It
AR RGN, ORI BOEIASEARN . I K RACH bR I & K 5 [T st
Tt H 1A IR A ) RUBE bk 9 R AR S, AN AT DA B30 ok o R A R AT R0 JEI 1, 3 i g oA SRk
FAEHEAT TR I BB YE . KR R AR R AL . MO SEA . ARSI 2R
M) o AN [) (0 REL A 2 RS K ¢ L AN [, B Py £ 2 i o SR 2652 96l A o ) o S B G . TE
e I KRANF L AR AC A K A, SRR EE, KSR [32]. AL, WA BIILSE e s 5
AR AR TG B KR 8 A= AR A K, 20 2 o A 4% [ 1 Kk o i BOR oK 7k Kk El kg, {H
[F) o 15456 2K 5 5 AN RS 33— 2D IR [33]0 KA (ISR« AT . ) A S [a) 4% J) 5 2 1) RUBE LA — s 1k
L RIEAFAE[34], 23 18] bR ROBE 3@ 8 LA/NKOR A, 1 XOUREE B KK R[35] . /INKOR AR e e
SRR KKCRA RIS, HaREE[36], KK —BRATE KRG I RER[B7]. R E KRIdTk
LA AR AT DL BT KR SRE R 2 IRIOG R o KRR I B & 5 SO U A 2R (38
Wallenius %5(2007) 5 & 55 £ R S0 AR MK T SR B 17 A0 18 20 2 A REAE, 20 Wl = A2 BT UG
B, X5 I T SR — 8 SRR [38] 0 (H K U S B IE B PN 2, A Rk — DI IR AN
FE[39]0 K IAN IR X Jo] B PR () B B O 87, [RIRSE, K 5 1) R AR ) S s A58 A 77 A B BRG], 5] ) 3 ol

AR
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Figure 1. Locations of paleofire records from the global charcoal database [41]
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MR ROEE B, FRIE ok o B g 2 AR e At DUR I S AR A0 S N ZRVE Bl KR ] )RUBE (R
FERAER EPEIX, 20wt - RTINS, DORE N EER AR, BT T — &R
BT KR TE o 7 KGR FEIETT LA A7 AN 5] 15 7 5k B 39k R AR A oo, 3 3 6 bt ] — b 5 77 56 ) 34
(BRI S ABAEA Je N S BN HE T K ¢ e A2 B AR AR R BIR B AL o I 5 -5 o TR 2 0 AT <K 0 A8 A B R s 1<
RIRAN R 2, X 771 E WA RE T AR IIBIE A, AR UK B DASK AR 4 thE 2 5 B AT Tl 1) — > b 5
J SIS, DAL I At ok e e AR S A i DR B A R T 0 AR Sfe A BR AR A 6 K 5 B A P AL

2 Ed 25 50 A KR B AL 2 AP AL B . PR LK. InRIAE e T R e E P R . AT I DAk
5 B4 XI5 2 FR 2R R B W T R B, 5% 1R R 4 DX a4 thE 1) 2K 0 3 3 2 52 45 TR FE 5 K
AA[42] [43]. KB TREE b, KR IR AE 3 B2 i TS5 7 3 SO g8 Y S A R s, 5 BRI IR )
Wz, Mgl K KRAT . FNRRE b, fERE A 5 I R KA B R e, A 5 IR 2B R
RASNRNAS, FERIRUKBEI, SAEA T RE[44], JIFEE KRIES); ER R4t mTRETT
w, HERRETR, KD, KRFERAEMREE[45], 6 Ky LR bR H g vy 52 6~4 ky
DLR I K G TG B AN 2 B2 R A, W 4 S A i A8 iR R i, AR B X IR s B A T Fe, AR
AMITIEKE [46] [47]. dbFEKRIGE SR T ERAREN —8k, B2tk BE RS
&, KRIEEAR FEEE A 2).

BN 2 20 ky ok K R FAT 5 UEARW R AGIRGF I [F 1, R WIEIX ey 1K 9 ) kAR
B IREE R IR I[48] 0 A M B th 28 At e e Y el T2 B R IR XU s, 5 R R AR K AR AL
KR BB BB AR R I(10~7 ky) R PR FBUCR B, KK 2 KE AT
ENSO 52/ (5~4 ky. 1.2~0.8 ky)IM7EREFER, ENSO fi KR4S 2 — w15 [49]. 4otk iaa) ok &
AR R I DR B R M, A TR N I e B e AR K R FHAE[31]

Clark 15 VKB FT T 2 4 3 thE R H 38 140 K R e 53 o T 0 33 A0 AFF 0 = 2 8 v KR i 3 4D i /K B 7 1
K[ 197 RIS 73 H X ¥ 7% 10 5 R B, 4Bt (G Bg - TS RIE R T KR AR, Haitt, Aoy ik,
TIFE K FRSCH B 2R 5 BRI, R RGE L, i 2w SRt AR5k, T SE A IR AR
TN IAF . KGR R AR B At R B2 S g, 78 e A it = B2 A RiE s
Wi (1] 2) 0 ERLEEARE I FE A SR A BRAR R 1) U TS 5T, ROK IR AE SR 1 n[50] [51].

EPHHL DX ) KRB FEARN D, 32 B A e g i X, U e 0 A e X ) T i S B
KEA B RAR SN, FERL AR I, BTy s, KRINFIR B R ACE, e, KSR,
ME R R agtt, A FKER N, JORZEERD FA, B 6.5 ky K N, KRMEMZ EF,
H 2.5 ky B 2835 3380 8G 0 K o S ORI B2 3G (1] 2), ARG ER o KRB Fi e ], 7E I TR R
FE b, KRG 3 B2 SRR S [52].

PN ZE KX A0t 8 FE 4 S 2 K R I R A OG, R g )5S, B KED,
KR FAR, B At R KRR R, PRREE BRI, KO R AR RIREE T R, AR
WE IR B AR N I R AU, bt e At GRS N IE, KREM R AR 518
ETH(E 2).

BIRNBIEBN KR TP T KRG SIS i, A K 9 R AR BAT Jry sttt B3R 7 b X vy ok
FATPIR R 7 KR 5 AR B AR (1] 3), W AR EHL X SR ZUM K K TGS 2 AE 10 Ky BIZE A, BEAE SRR
2 KT SR BRI ) S, S ECR A At ER B kS . B 7 ky Dok, EXEEIR, KRR g i,
T 6 255 ThE 2 ] %t K R R 32 52 25 IR AT N i Bl o R B ZR b Tle R b ok ok - i - AR BN
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Figure 2. The correlation of continental biomass burning trends (smoothed with a 500-years line and shown with 95% boot-
strap confidence intervals) with paleoclimate (orange lines), population estimates (blue lines) and area-weighted cultivated
area (green lines) [58]. (a) North America; (b) Europe; (c) the Asian monsoon area; (d) the America topics; (e) sub-Saharan
Africa and the Australian monsoon area. Paleoclimate data include pollen-inferred temperatures for North America [59] and
mean annual temperature for Europe [60]; *%0 values in speleothem records (smoothed with a 500-years line) from sanbao
cave, China [61] [62]; Btuvera cave, Brazil [63]; Qunf cave, Oman [64]; and north Boreno caves, Bornel [65]

2. RIRFEUAE IR IRR(500 F LB, BWHNEFEXE)SHSEA@EESEL). AOMEEEXL%), TwFIREER
BRI RMES8]. (a) dE3E; (b) BRM; (c) MFEMRX; (d) EERG/EHRGEHX; () IEMITHrRMX; (f)
BUNERX . i EEAY KR E S FEONFEFERE[60]; RE=ERE[61] [62], B Btuvera F[63], FIE Qunf
SE[641F1A % 610 1B (500 4 i) [65]
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Figure 3. The correlation between paleofire and paleoclimate in China. (a) Paleofire sequence of Tengchongginghai Lake
from Yunnan [66]; (b) Paleofire sequences from Guanzhong Basin [67]; (c) Paleofire sequence of Xigin Mountain from Ti-
bet Plateau [68]; (d) Paleofire sequence from Daihai Lake [69]; (e) the composite standardized and smoothed (250- and
500-yr windows) biomass burning record from 36 sites in eastern Asia [69]; (f) ENSO amplitude (Standard deviation of
Nifio3.4 interannual (1.5~7 years) sea surface temperature variability) based on a transient Coupled General Circulation
Model simulation in 300-year windows [70]; (g) Paleotemperature sequence from Dajiuhu peatland [71]; (h)~(i): East Asian
Summer Monsoon from Hulu Cave [72] [73]; (j) Indian Summer Monsoon from Dongge Cave [74]

E 3. hEFBIEANRFIIRSIERIE. () ZREEAEEHEHANRFTI66]; (b) XFEAMENRFI6]; () B
EEERRLUGERREFFI68]; (d) ARGEEREARFEFI6]; (6) FRIE 36 Miat KRFIIZEERENR69]; ()
EKRERETW[70]; (9) KAH BNA ERMEREFFI7L]; (h)~() #HARE 60 iBRMRLEER[72] [73]; ()
EER 0°°0 IBRMENEFX[74]

AV FRIAR S P F 7 2 B0 VR K K i A 43 3l #F /2 5120 + 66 cal. yr B.P., 1288 + 8 cal. yr B.P., Z—X
KRR ER T AR R S R AU TR B IR R F A B2 B PR MY SR [40] . AR
BRI AT E R A S KR B E AR, 4 ky ESMRIXEDKRLET 6 KR FE, TEAJE RIS
PAESR T M At 2R M 2 AR 5 B KD DRI AR PR o R A AT 1 N [53] » HR U T B FL ) R A
WA BTERL R B, TR ARy - R 2 A D SR I AT T DR B 5 SR AR . YOI X T
AR G251 G T ARV FE VAR tH IPE T 2 A T N TR B R a HA[54] o w1 7 50 P8 U 4 4 R PR o K
KFFRY, RAFWHRAER A ER - BT BRI, KKFEHEZRAEET RN, KRS5TR
A ELAE s R AR AR S RG]

SRR AN IEPAT T- 7 K R BRI T R AR A R RO bk - SR IR E v, — M
T, BRSO R A BRI 0, 1 BRI T by ok B AL 2 e rh T rp it DOk A 2KiE 30 &
Bk g KA, KT R EE B KA A fenaE[55] [56] [57].

5. RRBRETKEHEN
SFRIEAEL T VBN I U SRR . K AE Ry bR A RO A TR 7, RS I B
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BRI B AR A S, — B LT, Ris. B G 51 R k. SAEARIRAIAR 2 [X 35 2 IIE T 10
B, SRR . KRS KRG N, GBS K I RYIE 336 KRB —E MRGE,
X B T BRI B A SRR, R, iRl S BT IR N 2 BR[75] . ASMEARRE 5] R HIAR R A
TR K R T RAIKG K E )2 FEONEAE Y RSO, KR G nT R, KR KA
FER MR R . U 2008 FEYI R AL IR B KT A VT R H X 7 AR — B ORI I S VKR K E, SEUMRA KL
Prir, Mo ATRYIAGIY 2~10 1%, “PHHLR AR E R 50 vhm?, 4™ E L BHA ] 100 thm? AL,
CL B ] 2 o 0 P AR ORI R K AR HE (30 thhm?) [76]. TSR AZIE S 5+ 1, ARl 43RO HE 2 X 3 i bk
KRR TEINT=IR, MROKEENG ECYATIRE 2, MKBREETE K. KB RA TR T 5= E R A
FREEIT A G PRI BRI s o, DK BRIk ezt vy T (R OK B, 5 BRI ] R KA A A 14
KRBV IAIR L w3 [77] [78] [79]0 RIG UG AR X F TR KRR K K 5 KRR AETTIRFF A E R R
WEFH R I, 43.9% I IRFR AR KR B AT IR SRR N JE I T B R T S EUR A1), KRR 2%
b BURF R KR IR AE[80]

S [E Ao M XA FE R, 7EHAERE B, KR IR AE 323 ENSO RS2, 230k 5 540 ) F-7E El Nifio
HF ) La Nifia F-E s R4, KORB/D S ENSO BESFERRIAE[81] [82]. #EStit, Ak I 78%
AR K K R A= 7E El Nifio 4£[82]. R EAMRSLMHAIXT R 24, RREZEABAFE K B B JE /R R B R 6 A
A DX s AN R, PR, ENSO 4% 3 B A Mg p e ma i Bk — DA 7t . — Mk ul, JE/RJE s 51 e
AT R RA S FERICH X PR R ARG E ., TR X A KA oA, 1B Ag i@ 7
i, NEVERER, BIRKIRRAFMR, (HA G KA KK[83].

KA R ey 52 A R AR A, R 0 SR A B OB E R, K IR R AR TT R -3 SURMR B A 1) £
A, AR RS CO, F CH, YR, 1 RS CO, Fll CH, IR FE TR, BRI Z b, BRI A8 1) ] 4
BRI 5l R S5 g, R R M e U A RAZ, e — D i sk i s, Bk
WM, T AR ERLL[84].

6. ZIRSMRRE

SRR KRR PP G0 BB TER B, AR AT i, JORAERIPRAR, I, e 208 b,
KRIRRIEIN, XG4ttt R R b, SRRTHREAT S, R0VE 2 07T DA 7 4Bt O HiR
R, T RESE JR) AP S LA R R o I A T Bk K IO A a3, 2 SR 52 A JE SR H T
bEE 52 K JCRAR TR AR I RIS N, R TR I s B R S 1 R Rt g, JFR 3 T — A E
XSS, TEARR AT BE R A S BARIUAE LU J LA 5 T «

1) GEAFMX, SRR, AR R R 2 R R KR PSR 2 R as e A K —
Blo NHEEFHIBEMKCR P SE, RIEE S JORFP IR SEMEAM S B, R ERI 2 A BRORUEE b AS[A) M5
LR BEATRI L, ZHEARAHAE SR AN L SRAFAE I BREE, R AR IR E A R M JCR A, ATREZ N
KRy LR KK — AN EET

2) KFARTIERR T % e PR S AR R 78 T RE 2 A S i T e — ANk, AR TR
PREGUTRR S TER A ERAF A2 oy R T ISR AR A, RTSR T JCR MU BWF 72 3 2 12 46 5 TR — 3t s
SRS IR SR BLAT N SE S HEWT K SR A R, Bk, BB BRI ISR AL AR A e, X T
X7 RER KRN TR, AERGRBARU 58 L0 TH AR R 2 A AR FE a3 o

3) LR, WSR2 N ES) T TR T NS . I 23 ) A AR
AN CLTI . R P, R R LT R IR FAF (R R L SR K/ VEEISE),
A BT EARRAA . NSIEBN K F A A AR RIS, $87s ksl AR AL .
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4) KR KA SRR S NRTEE AT 75, i KA AR R SR [ B0 2% S AR
KR TAARAT IO EL o L 5 0V BR A 7% I LU ) WA T IR s N DR R XA I Ao DA R IR AR AR
WA s VB KR S Bl KR B R ARSI DARHL 1k ok o = SE I ) o o K 5 il T R U, E R
ANNFI T3 AR L 7 ¥ A

EHEWH

rh o R B T AR O R IE S B0 3k 40 H (CUGW140908) ;[ 5 [ 4R Bl 2 %t 4 101 H (41072023,
41402312).
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