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Fig. 1 Schematic diagram of the inverse vegetation modelling approach for the palaeoclimatic reconstruction

1) v [ Mg g o TG R H AR, 1951~ 2001



522 % Py

@

i Ei 2016 4F

JERTE T AL F ZEA R A S8, iz H il
BE L REK L BRI BT R KR CO, MREE s T IX
B2 B Ty A AU By UM 2 K P g
&, Hoh R R | KR CO, R AT A BR 5T ATIK
ION (e SR 8

oI T AR K RS 5 T A A, LR
MR A, W >SC AW AE MR REE
(GDDS) | fei& A PR (MTCO) | fe T - 33
JE(MTWA) FA RO (o) 5 B, J T4 95 8
Jrik, B R AR R LR, AR Ak P 4
AR A R ) A, A B R 2
FAURAE B A i, 52 B0 i 26 47 24 i B AN
AR E AL A

3.2 EWERREERE

L S 3 7 1 o A B R il i T A i R
JIT 48 75 1Y 25 IR B ZH IR D, ) FH AR A A T A 4L 5K
—ZRTULH A, DT AR AT X — A T e A A XA
KR — A ML Y g g AT, A R A 2k
PEECAR LR RO T R R SE . — B Al B £E 0 T %,
FFH 22 ORGP AL I, DT SR AT 60 A 4 2 B B
i A A A, R TS B A B KR T X
) BESE R R IEER, AR S R R X ]
b BT TER B AR B R AR AR, T R
HWRHLB R . AP, FATR I M & i
( Bayesian approach ) (1) J5 ¥, DLk 2> $ R i
A

PRI St A2 B AR R 3G T, A R b 1 o e i
M (R ) o A TR EE A
PR FEE N, FRATR I U 4E 22 5 0y Jr k. B kg
L H T H R EE R KA, R 2RI R
EERMMA TR, IR E A UREE,

AR B ®m T D®ER 1 A7 H
FIGWBE (T, , Ti) ARERER (P, , Py R0 B
A A (E, R T R 1R 2) g &
F1 EBEHAANSHENTHARSBEEZTNTLRE
Table 1

The ranges of input parameters for simulation at modern

e AR Ak X ]
AT,,, [-10, 10]<C
AT, [-10, 10]C
AP, [ =90, 100] %
AP, [ =90, 100]%
Co, 340ppmv
[323/ 10000

By B O AR AR A A T A R A
3) AL A B R SRR L, B
7 BIOME4 5 0401 15 21 A 7 A9 F 9 26 805 4) 5@ 3
BRI, ORI B R ey R W B IX A5 0y, IR A
VI G B B 5 AR 52 2 ) B B, A A
15 52 IAE =2 4] F9 AR L ( Likelihoods) "5 5) j% —
B A B, AR C v T bk e AR R
W — R, AT X — R R,
IR 25 6) T AT T UK Bl AL 1 6 1L b S A 4, 9 9R
5] 1) P47 F —RAEF MBI, ok A, BEAT
T AR, AR RS T H bR A
RS REE . T 7E 10000 YA R, R D A AL
200 ~300 YA RE . BRI, TeATxE bR A R
FRRCH SR, B o (R B B A XD

i F BIOMEG6000 i K| o 760 45 A& 9 B X 28 7
R4 BIOMEL 71" {2k B 5 Uiy, T BIOMEL %
J& % BIOME4, fi i 6 B BHUA BT, LA i i
UG EEARGE A SR R, o EE RS
R AE BB R NPP | TS 04 ), RE O LR
MR > [ )35 4, P, BIOME4 414 rfi 2 4y
T DX 2RI A S S5 HBS L W RE IX 2 B A BT
KR,

YT, B4 St B BIOMEA K571 A ) i [X 2 7
AR R X R Y — B, R O R T
o — i a7 B SCRT A 9 7 s, 2 T i A T L O 1
AR, S R R L B X L kDL
%2, 14045 Fh BIOMES #5926 50 5E U — 4%
HHE, XSEEAE 0~ 15 Z ), X~ Em kT
FEHY B v A A A X 25 T80 5 43 i1 LR S T X ] G
i, 0 43 BIOME4 2% 5 15 408 i 26 280 1) W b ok
BN, 15 Mg — el (4n 5. 10) A Bk
KA FAT AR B0 A A 23 ), e R SR A
FELHEVE bk (CLDE) 55 BIOME4 45 %9 v 98 35 47 1R
ZEMR(CIMxFo) , B fIT7E 23 1] 4 A bR AR AB Y .
A5 T3 6 (1 10 5 A 5 R T A BRI A0 8 0 o 4
WITRE DX 2 B A5 43O R B SRR S R R R R s
[ 4 A

4 #FR
4.1 ERRESHREDHERKLBHOILL

SR B A S T 7 i A Rk R Y AT
Ph, T Se X% ik S AR A X SRS A A I
AT UEAT LB (P 2) o NI 2Pl 3, R



33 SRR AT« AR WS BT IR R R L BB R 523

%2 BIOME4 £¥BXEXBS5HRMNEYEXES Z BHEERER
Table 2 Transfer matrix from BIOME 4 typology to the pollen biome scores
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 fAAE Y BEX 258 . CLDE, cold deciduous forest, FERHF 7% M4k ; CLMX, cold mixed forest, FE i H IR #k; COCO, cool coniferous forest,
VA £ i AK s COMX, cool mixed forest, ¥ 745 IR 3K ; DESE, desert, Fiti%; HODE, hot desert, #4535 ; SAVA, savanna, $HF 5B T 55 5,
STEP, steppe, ¥ Jf; TAIG, taiga, ZEMIMK; TDFO, tropical dry forest, #if T M ; TEDE, temperate deciduous forest, i % i #k; TRFO,
tropical rain forest, 7K ; TSFO, tropical seasonal forest, #44F Z=[f#k; TUND, tundra, % Jii; TXWS, tropical xerophytic woods/scrub, #4745 £
M ; WAMX, broadleaved evergreen/warm mixed forest, W% 77 5 4 18 M MR8 IR AC Kk ; XERO, xerophytic woods/scrub, i # M\

s BIOME4 A= 4 #f X 28 &1 . Barren, barren land, #f3; BoPrkl, boreal parkland, Jt J5 # Jii; CIMxFo, cold mixed forest, FE& il 7 IR 22 #k;
CoCoFo, cool evergreen needle leaf forest, ¥& &7 & £ M Ak ; CoMxFo, cool mixed forest, ¥ il {28 MK ; Desert, desert, 3% ; DeTaig, cold
deciduous forest, Z£JR 7% M #K; DShTund, erect dwarf-shrub tundra, %% M\ % 5 ; EgTaig, cold evergreen needle leaf forest, i 7 4f &1 I Ak ;
FoLiMoss, cushion-forb, lichen, and moss tundra, #5114 51 ; HotDesert, hot desert, 7 %77 ; Llce, lice land, K%t ; OpCoWo, temperate evergreen
needleleaf open woodland , 5 F 4k & M3 M\ ; PsShTund, prostrate dwarf-shrub tundra, ) & # M 7% JiL; ShTund, low and high shrub tundra, ¥ M %
J5i; TeBlSav, temperate deciduous broadleaved savanna, &7 ¥ M- B T 5L )5 ; TeCoFo, temperate evergreen needle leaf forest, 7 & & 51 H Kk ;
TeDeFo, temperate deciduous broadleaf forest, M7 7% I [ Ak ; TeGrle, cool temperate grassland, ¥4 iR 47 B ; TeGrlw, warm temperate grassland ,
1% Y7 55 5L TeScWo, temperate sclerophyll woodland and shrubland, 747 # M\ Ak ; TeXsSl, temperate xerophytic shrubland, 47 #E M ; TrDeFo,
tropical deciduous broadleaf forest and woodland, #4#7 ¥& - i -4k ; TrEgFo, tropical evergreen broadleaf forest, #7 & &% f# M- #K; TrGrl, tropical
grassland,, #4747 5 505 TrSav, tropical savanna, G Ffi B T % i ; TrSeDeFo, tropical semi-evergreen broadleaf forest, #af  Hr 4 ff M- Ak ; TrXsSI,
tropical xerophytic shrubland, #44{7 # M\ ; WaMxFo, warm-temperate evergreen broadleaf and mixed forest, W L7 % &k i AR/ TR 38 pk
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Fig. 2 Comparison of each site between pollen-based (a) and simulated (b) biomes in China

at modern. See caption of Table 2 for the biome code
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Table 3 Numerical comparison of each site between pollen-derived( ‘p’ ) and simulated( ‘s’ ) biomes at 0 ka B.P. for China
KA CLDE, CLMX_, COCO_, COMX_  DESE, STEP_  TAIG, TDFO, TEDE, TRFO, TSFO, TUND, WAMX, XERO, N 7’%;@ ITJ‘/%E&
b b
CLDE,, 0 0 1 1 0 1 31 0 0 0 0 1 0 0 35 0 89
CLMXP 0 1 1 2 0 2 18 0 1 0 0 1 0 0 26 4 73
COMXp 0 0 0 20 1 1 15 0 1 0 0 2 0 0 40 50 53
DESEp 0 1 5 2 71 21 1 0 5 0 0 | 0 2 109 65 84
STEPP 0 0 | 5 2 74 13 0 7 0 0 6 0 0 108 69 76
TAIG, 0 0 0 1 0 13 0 1 0 0 0 0 0 15 87 93
TEDEI, 0 0 0 4 0 21 0 58 0 0 0 2 0 89 65 67
TRFOp 0 0 0 0 0 0 0 0 1 0 0 0 0 1 100 100
TSFOp 0 0 0 0 0 0 0 0 0 1 2 0 1 0 4 50 75
TUND, 0 0 0 5 2 22 7 0 0 0 0 40 1 1 78 51 89
W’AMXP 0 0 1 1 0 0 0 | 52 0 2 3 39 0 99 39 92
Average 53 80
Total SN 604 319 483

# SN—— UM S AL (AN, HER—— @M R W RE X R SR — B, TR 2 —— Sk A= W DX 2 G R 2 R — S A 4 5 R AR K
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Table 4 Regression coefficients between the reconstructed climates

by inverse vegetation model and observed meteorological values

y . Mk SR HrR
S I T e
(R) (ME) (RMSE)
AEHIE(C) 0.82+0.02 0.92+0.18 0.89 0.16  3.25
B HBRECC)  0.81£0.01 -1.79£0.18 0.95 -0.17  3.19
BEMAEFE(C) 0.75£0.03 4.57+0.60 0.75 -0.19  4.02
AEREKE (mm)  1.15£0.02 32.90+18.41 0.94 138.01 263.88
1 ARg/KE (mm)  1.01£0.02 0.32£0.47 0.94 052  8.89
7 AWM (mm)  1.30£0.03 -21.67+4.52 0.89 16.45 52.90
ﬁ;;is?%%c) 0.7420.02 464.16+48.68 0.89 —106.69 693.60
(i??ﬁtzkiiﬁ/;@ 0.87+0.03 8.84+1.42 0.82 3.06 13.18
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PALEOCLIMATE RECONSTRUCTION FROM POLLEN DATA USING INVERSE
VEGETATION APPROACH: VALIDATION OF MODEL USING MODERN DATA

S DO ® T D 1 in® L@ O]
Wu Haibin”®  Luo Yunli®  Jiang Wenying” Li Qin” Sun Aizhi® Guo Zhengtang"®
(Key Laboratory of Cenozoic Geology and Environment, Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing 100029 ;

@ University of Chinese Academy of Sciences, Beijing 100049 ; 3)State Key Laboratory of Systematic & Evolutionary Botany ,
Institute of Botany, Chinese Academy of Sciences, Beijing 100093)

Abstract

Knowledge of quantitative palaeoclimates is a crucial for the evaluation of climate changes for the earth system.
In order to improve the reliability of climate reconstruction, especially the climatologies during the glacial periods
outside the modern observed climate space, an improved inverse vegetation model has been designed to
quantitatively reconstruct past climates, based on pollen biome scores from the BIOME 6000 project. The method
has been validated with surface pollen spectra from China by reconstructing the modern climate at each site and
comparing it with the observed values. There are no systematically regional errors between pollen biomes and
reconstructed biomes by inverse vegetation method. The high correlation coefficients (R) between the actual and
reconstructed climate for the present-day pollen sites are 0.95, 0.89, 0.82, 0.89, and 0.94 for the mean
temperature of the coldest month, the growing degree-days above 59, the ratio of actual to equilibrium
evaportranspiration, the annual mean temperature and the annual precipitation, respectively. It demonstrated that
the inversion method worked well for most climate variables in China. This new approach can improve our

understanding on the climate changes of East Asian monsoon evolution.

Key words inverse vegetation approach, pollen data, biome scores, BIOME4 , quantitative palaeoclimate

reconstruction, East Asian monsoon



