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Overview of the Studies on Climate Change

during the Historical Period

Masatoshi YOSHINO*

Abstract

Recent studies on climate change during the historical period are reviewed in this paper.
Firstly, methods, limitations and materials for reconstructing past climates are summarized.
Historic diaries and old documents are useful particularly for the period of the past 500 years.
Some indices for expressing the climatic conditions found in the historic materials are intro-
duced. Historic documents and materials found in China since 4,000 BP were published in 2004.
On the other hand, daily weather data at several stations for the 15 and 16 centuries in Japan
were published in 2004 and 2006, respectively. Secondly, the “Little hypsithermal (warm) peri-
od” during the period from the 4th century to the 10th century is described. In the final part of
the present paper, examples of an ancient central government in Japan, planning of Heijoukyou
(an old center of government), settlements developed on the Boso Peninsula, Chiba, Japan, and
parallel activities in Southeast Asia are discussed in relation to the changing climate during the
“Little climatic optimum” from the 8th century to 9th century, which was the peak of the “Little
hypsithermal (warm) period”. It is pointed out that the changes were roughly in parallel.

Key words : climate change, ancient Japan, ancient settlement, historical period, history of
Southeast Asia
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THAEIMEZMOE] LIIF b5, L
L, MR bS5 5RY, [HIE] 3dhF
DICBDIERARH - RIFBRLBLDL OT, [
EDBEZHE] T o TV ILANRE WV
I 20 A OB, bR O 15 IS
V.olzAFYADT vy 7 A (C. E. P. Brooks)
D% FTH% (Brooks, 1926, 1949)

ORI 10,000 4E BP IS#&b D, S
MmMERIZ 2 ), SR B (Climatic optimum)

F/213e 7Y ¥ — <) (Hypsithermal Period)
LI 5 iR ] 2% 6,000 4= BP 7 & 4,500 4
BP ¥ CHih7z (Lamb, 1982a, b). 5,000 4 BP
I —ay XTI T EECHRDIZEAED
HWIHT1~3CHAELVIEECTH /LI NTW
%o WRERLIZIRIE 2 5T, dLPERTIZ BT IR
17 (Intertropical Convergence Zone, ITCZ) <,
Z O ESRE A O H BT LAY (Subtropical Anti-
cyclonic Zone) (3t L L Twiz &g S b,
© 7 ¥ — 2 )V ORI PR o ILE K I3 1E
EAEH A, AU K R I R K B DK BR 1 A
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L7z 201k, FEBIREAH ORI - T
WENZHEEL L7z KR Ligo, Mithh o
KB HIML 720

[EEBOFHERTIE, BRI VO 20
B, AR GIEL T LOBETIE RV, BTN
% & 918, TABERE WAL D 5 AL
R E T 525, TOWBENIZZI T -
E 7 TR L, HRE 2D ERTWwS, L7
HoT, MRBBETHwOLE DL LTIl
<, "BEHRET O T D oMt EARIE A D B
HTh b,

AT, 1 LT, REOMZEHE (F
KABEIT ) 2 BB L, F28L LT, €
VA=Y T YT ERRLE L7z 4~ 10 AL OEE
#] “Little hypsithermal (warm) period” @ 3
ARz, F3EITIE, ZNFE CTHENTT
ATV 6 ~ 10 fibfl % Hul & L 72 R o &
EANBEE O b ) 2 HROBI TR S,

II. BREEBAORREHET 25E

1) HREROHTE - REFHE

R O 3R BE S L CiE, #9 30
FERHZT AN W DENVRFET AT I—NF LDk
(National Academy of Sciences, 1975), Mk
£+ EIEA - BRI OB 2 — v, s
RHRABEORFENLBL - B e RIEL, &
RIRFRIC DWW TR L - Haddkdsd o L b
KU EZdB/M L7z ZNIZDOVWTIZHATYH
Warsh &I, 1975; 1P, 1994, 1995), 72,
EPNTEHR - LIS X > THERBETHEZ 2
LNB DI, BEDEEFEDORBELEHIONWTT
D, B1LOL)ITHRZLM TERDD LD
TEHHOFE W SN /z (Ingram et al., 1978,
1981)5

TV DOEEIIP N EDIEDIZ, D6
WABEDE L VRSN H 5 Z MM TW»
bo THIIHTH—2DMGEE LT, FEOILD
6014E11 H 18 H (YL ) —J&) OIEF, W
E > 17 # 5 TRIRFIC R R 2 B L 7250805 % .
KA, B&E - B - 25% - iR - RO ERB T
Rk X7z, TG EBIRORAKTHRT %

1 M A KR E ISR T & B R
DX Fitsk (Ingram et al., 1978 ).
Table 1 Earliest dates from which written evi-

dence of climatic phenomena survives in
selected areas (Ingram et al., 1978).

Earliest written evidence

Areas (approximate dates)

Egypt 3000 BC
China 2500 BC
Southern Europe 500 BC
Northern Europe 0

Japan AD 500
Iceland AD 1000
North America AD 1500
South America AD 1550
Australia AD 1800

&, AOELENRLIINA BVIITICH D,
b Tiddb v LALE O mA R E, R0 H 5 A
JEBLE A E S, FERMRC OB OREE X222 D
ozl b otz (5H - H, 1973),

RBEFHEPD TR, BREZFLHLE R
L, ®miED 1,000 FEORBEEICATHA S N7z (Le
Roy Ladurie, 1971, 1972), WENZFHK 1 1R T &
L ETALHRAL O FE 572D T, Hitskds
BETHDH, BRibT 5D, 4,000 EDFLEDD B
FLERM ORI, REONEFEDLFELL, RED
200 ~ 300 FF 1272 2 LB EF L H5wD
KL > T b, Bl 21X, Yo ICE
(1736 4F) 2> HEHE 3 4F (1911 4F) T THH O -
B LORKALEHPZEBBECED N, Y
R, [BEWRICHAZ LR EORS T TEL
72 DRSO HIE S N7z (Zhang and
Gong, 1980), #zke 3 4 (1738 4F) @1 14 H (3
H4H) OIERKZ:E 27 EICB T A2REED
F1) Y FNVoitsRO B (58134, 1983; Wang and
Zhang, 1992) %X 11IR"F, 727201, FHATIZ
REAPIENOT, HROHA L, HBAHIZODHT
Hbo ZOEREMS THERTFICBITS [H5
HoREZRo 54| 2, [HHHEICBITLHE
WoOMT (BEORFEIHER) | 2rfHrin
Twh,
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1 w34 (17384) IEH 14 H BH4H) OHKFHEOWNSE (HAik)) ohték (Wang and Zhang, 1992)

Fig. 1 Record of snow and rain (precipitation in inches) at several points in China in 1738 (Wang and Zhang, 1992).

IR - FRROIRRE &2 B b L TR 577
i LTB L BRRROBRIZE D WY
B 50T, [HHHHI L], 7213,
[ KM L | ITHZRDT, SUBELE) OB
(fd, W) k27, MIcX %% X DGE
LCIIBLEBLEIIETHLDTH %,

Bz, WEBRE (R) ZKATRDL, §7%
bbb,

R=[W/(W+D)] X 100% (1)
ZIT, Wi I L okE (ERELED)
£, DIZBIK I oTE WHICL D RE)
DERTH D, 72721, MR LX) - 25T
D, REBEFMICEREDH L IFLT LIRS L
Vo “HDHIMT TEICXE T, R & g
WoEPKREL TS LI, BEBRIIC GUTHES
MI2) RO 7MET DT ) 725, SMEEE) (5L
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#£ 2 MW¥R 6B ATMEOMILE 5 oEEiEH 1) of (Tang, 1988).

Table 2 Wetness Index (I) in five prefectures of Hebei Province, China, during six extreme years

(Tang, 1988).

Year

1613 1668 1640 1682 1672

Number of counties with drought damage
Number of counties with flood damage
Wetness Index (1)

0 2 36 6 19
18 48 0 0 8
2.00 1.92 0.00 0.00 0.59

FEE L) XKURECT 256055, 20 “H
LU LR T, B4R, BEED
F—5—ORM (F723BERNEL) ThI0E
B\,

BEER @O BRATRDL, Thbb,

I=(Fx2)/(F+D) (2)

TRDB, 22T, TIZ0E 20 E%E & 5
F3d 2 H D& 5 EORERSFRR (oK),
D R ZOR LSO H 5EOTIED (F5E) ol
¥ (Bo¥) Thb, bL, KELTEOHEDN
Lo, I=1¢E%5,

16E LT, #2138 o 5 BB 5
B8 (D &, BRI EFZFLRE - T
DI X 2 HELZ T EEE, FHOKEH -
72 64D WTI/R L7 (Tang, 1988), it D
500 FFICDWTIEZ D X ) R FBINERBE e %
BFrER (%) 2% CTH5 (Zhang et al.,
1988). L»L, Enlnild, dwkiz &Es
MLy, BHBELThLv,

X(D), (2 &WPAEHTED LD, BEEP)
BRDO X IZEDT, $hbb,

P=S/(S+R) (3)

2T, SEEEHE REIMHHOBETH L, 4
DEIOFHRE LTI, PE12A-10-2H8
DODRZTETRD, HFEFT 5.

DL - B ERAKICHRLZERTH S
A%, W (GUR) B LTH (B4 - BL - BE
wERY), X (), X (2) LHMULRBATELD

K, HOBE G EORBALYS TR TS 5.

2) R 500 E£EOHEDE RS} H ORI

T, 1470 SEA S 1977 #£1CE S 510 4F
MIZOWT, 4T 2,200 DHGH - HJjik - H#b
FEDEFR D SRS T 2 skE R L,
L7 (PRAGRALFHAMIERE, 1981). ¥
bbb, (1) &L LTREE HE BE
ol (2) WIS, WHHESR WL, Bkl
(8) WA MIITHEORBEGE L ARG RO
AESIER, (4) EROBKREFEWE R 2 &
o7, o, hESRRRERFE
b, ALRURFHERMILR, MRIRFERL%, HHE
FHF b EREZErT, WAbE KSR, b E R
KA RE2IZ LD, 28T 34 12k SHFERE <
AR AT L7ze F8 % 3,600 i3 D 1D
WEZ7 ey ML, FEE T & HEORROIK
RBELTRLZ, 22T, iROREIXKD 5B
MK L7z Thbb, (1) i (2) 2RI,
(8) IEH, 4) X, (5) WThb, £,
BHFT T EICEROBIIRZ D, Bk (1) &
(5) IFZFNZFNREREOR 10%, HEH (2) &
(4) 1% 20 ~30%, P&k (3) 130 ~40%THo
720 BERKEBLIIE L O TREE, 5~9 HIE
KEDREOFEHEER EL, HHEND5~9H
Mekmz r& L, BEFEEY oL 3T,

Bk (1) 1 r>(R+1.170)

B (2) 13 (R+0.330)<r<(R+1.170)
B (8) 12 (R-0.330)<r<(R+0.330)
B (4) 12 (R-1.170)<r<(R-0.330)
W (5) 1& r<(R-1.170)

TH o720 500 SEIT D72 2 HAEOWIRS i % 5
BIFTRT L2 SR D5 X TR L7z 0505
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WCEETH S,

F72, COEEPERNTOY =7 e LTH
TEINTmBIFEIMET 2, HAREDEALADZ
&, WK E TIE D S OB 4 o T4
Bixd->Th, ZHOWTEHER - WF7EE A EEKMY
W I T 2 DD R ITT 2 4T o 7261 2 v,
IR, XFERPEERI L, ENERIUE - R
Pt HBEMT VbW L NIRRT H - 722
Ehpl, WEICLTHO THRERBRETH - 720
WLz U, I SRR O SEEITCOME
HADY, F & TH N U TOBRICIEE
MU RETIE RV

3) HREHEDER

(a) flfk: BHOKRA - %R &iekT 2 IER
DEWMDOENC & Z5esk. PECIEHRICEFTS
HhDIEB. EFEOWMIZEL %525, kI n:
1EDOERTH BN, Z0L ) Hickkds, B
ZEHIFIC BT, ZEIBIIOVWTH L T LN
F LW,

(b) Hit: HAOFEND 0, RLBOHNEIC
TAEED D, FLOABAETHLEO22b) DD
HRE - ABIREN DL, BEE»Z)EV
EDNLFEENT W5,

(¢) FRATRC - BRMGEL © HHEDARE, HRICEHE Tl
BELABEERTH L, RSN FHOIRE
B OTRRHEDD 5 ONHNTH 575, Hik
ZEORRIZBOERE LTHTD, B2, &
EHECEEE -V R—" - AT v R ED
ERIIEN L O TH S (FEF, 2006, 2007)

(d) SCERM © 0TI, WA TRKWE]
O [F55F ] 2iE, 5% o 2 RE O
L\ RBETIE, BIZIEAL ATRETVTADS
FoKIMOZr v FEENSH D, EIC X Y ki
DM DOE Vbbb, AMTIE, FlzZEA4 2 F
FTTORTT Ry —VOEHHIS 9K A
DEER - SRS N TE 2 (Y, 2006)

(e) KIWKDOHMERE - KILIK OHERE G 55 i B
A B WK R 00 BT o) JEGE JIUT 254 52 T & %o

(f) #FLA OF - LA OREAFROWE &
VS a— AP — R X BERNE L RHAE
b THEBEEEET 5,

(g) v THAROFHEIIA LN D ER - FEliid
KEIZTZR EN B DT, KPEE-A ¥ FEECBT
%83 300 ~ 400 4E R oK (K fE) HITH,
BRY v Ta7omERAMALEE S Sr/Ca bt
HER 2 MABDETITbRLTWD (5K - I,
1998).

(h) kK37 @ a7 % LF5H LT, il 450
ER O RBEEICAT1980 FEACLKMEA TV S (=
F,1991b). BREZAFTENL, SHRORBE
P C& %,

(1) RN ORI - MR AN O 2 WHEREYhIZ
H LB X B AU E

G) EBmatr - mRiEOBEITE RO LTl
SMEERHEET 5o MWOTHLK SADMEREEDLND
5o L, D LWEREE T TH L\ kA
B ENS ETOERDTNABLT LW ST
BWIETHbD, b LBTENLHEDT — 5 —
¥ LIBRPEL OV DN EEEEITE LTV D
WHIEMETR L %2 b,

(k) BARDERHHT © 20 AL DB DA 5 72 <
SADWMEDD Y, S LSS, s
HitlZb o L B EB L2 5T, 2007), B
F5bd b,

I EEEFROJREEATDORITDMR

1) BXEZOED

CITH, HREZOFRBLOPZET LD
F, REITE D HIFH NGB O 5 & % B A
REZ R0

4 WAL R B A © H AR O T 1
2T T2 HTE L7z EOILRKFEEE AT
DORD B LPEP-72DTHAH EEZZLNLTH
% (04, 1979 M2 1EEA b - 0 —< Vil
WoiREOZ (A) &, AR (1979) 253KD
7o [=EYRE] owEiERoZ (B) Litkm
B b (C) %, HILH0ET A9 5 800 4F 2
HETRT, ST THHRFER (K) LiE, Eok
- BERCHEOBRRESE ) LTIEo0R
85 (d) »OURNTHET, Thbb,

K=f/(f+d) (4)
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2 HRABEOZ (LK, 1979). (A) 7=7
79 v ¥ (Fairbridge, 1961) @ ifi /K Ifij 2 &)
B) ZEHERLOGHILFET»S D L
wWaie i, (C) = E Gt o kKL &k 5.

Fig. 2 Climatic change from the 1st to 8th cen-
turies (Yamamoto, 1979). (A) Sea level
change by Fairbridge (1961), (B) Cool
summer index counted from the record of
Sangokushiki, and (C) Flood frequency in
Sangokushiki.

TRD D, HisHOX (3) LFMOEIATH %,
B 2 THIREATIINC 22 o TV B B AL R B
RIED Do 2 EEZ b5, Itk 300
EZAHH S 600 FEITH T THEIMIZ LA L, il
<, BOREIEIE A T o 72 BRS, 12ITAEAT
LCiEEZ sTWwi,
F3IZALND LI 368~ 417 EEDIfEK
BoOREHRLE LT, TP GEIDR
Polze TUL, EBDXHIC, EOJKFES
SEDVBEP 272720 THHH. hB, M2d %
ZIZLTC, AR 4 I E “REo/NRRYT o
WICEVWERE LTWwaA, Bk42 X912
8 ~ 9 il Z & LT BITHEE R E R R
o720 T, 4 WL “FEO/NEERY” O W)
Ho—ook (111)" EARIEIINELTHS ),
%B, BEOLLTOREANDBMHERERNL L,

#£3 ZODB0EMICBIFLTIED - %HE -tk
o (A) K B om0 50 4, (B)
AR R BRI 2 ol & L7250 4, (C) 1=
R EW D% D 504 (LA, 1979).

Table 3 Numbers of droughts, cool summers and
floods during the three 50-year periods:(A)
before the Emperor Nintoku period, (B)
the period centered on the Era of Emperor
Nintoku, and (C) after the Emperor
Nintoku period (Yamamoto, 1979).

Period Drought Cool summer Flood
(A) AD 318-367 1 2 2
(B) AD 368-417 10 1 0
(C) AD 418-467 4 6 2

Numbers (frequencies) were counted from the old
document “Sangoku-shiki”.

4 b, AL 43 EM o 5 il 2 A £ T,
B ORI 2o 72 (LA, 1979)6

CD4~5HERLETIHRIESHES
WCFELWER T I MET 208 P H L, T4b
L, HE (1983) I EIOBEITHE (%, 1973;
Zhu, 1973) &, HAORIEOEHR» ST L7
#i R (Sakaguchi, 1982) 12X 5T 300 ~ 700 4F
ORREEGIE Lize %l (1988) x2n s
2ZM L CHADHREREROEELEZHL
72 LA L, IR (1979, 1980) DOHfFEoHRE %
BRET2E, P bHHA - PHATIZ4
Al 5 5 AT R RITIRE TH o 72 &
ZEZHDONLVOTIEZVHE-I, &L,
4 ~s iR EKERE Lok -5y
ROXKKRDOT A A7 hHHEIT LR 2 S|
72bDTHY, PERBEECAH IR AR R
Wt TH o 720 BELORREDI/NE D 572D T,
4 ¥ F#E (Warren, 1987) %, #EICBIT 5 6]
(45,1992) 2 EDTHHEEZEZRTHLHE
VH b

IO LIS A & N B ILE IR IR JE O 55
A5 kORI B 2 FIROM/NA S 2
SNz (KHE2, 1997), BRI oS H
T, BAETIIHESRYINES & TRk LTEEAR
WREZRIGHTIC, HERKEIRDOND, Thid
WEITBWT, BOREIH/AL T “HhREE"
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AEHOWNMIZHER LEHNO L OB 8 234 7%
Kol INEEZONL, 2O
NME 9 MALDIRRICIAE D, 915 4E 2 A F Tlddt &,
At DTN R/ NMg BRI o HARIZBIT 547
BITHH, WAL THE SN TV LIHRH
(Hughes and Diaz, 1994) 12, ¥ 5|2 —D2DFH
FEERINAZ =0

FHNAMC BT 5927 SoiliHo 25, KEE
TRRFEIMEALOE R L 72e ZDOHMNSDORFED
MBI ZEE - TwE, Tho0BERIEHO
(1939a) ICk->TF OB, S/ (HL,
1939b, c¢; Yamamoto, 1952), & DHiEIZEMNIX
MY T%L, SEOEEICOIER ShAIH S
Tw5 (3iE)ll, 1955a, b; Yoshino, 2003). 3 7% b
B, 9l & 10 il oFITIE, C B & fF
W9 OIEA XL, 5Nz~ 19 i
TOREFDOTTIE, ol dWHETHo70 11
AL A 5 14 AT LB T H L < & 7o
B2 12 30 % DRI TDH - 720

ZDIEH, HARDEREACOFHELETIZOWT
IR OEG, WEHWOMMED, BEOKRE
DWFFEDT 20 WAL A ZZ G5EF, 2007), &
O W T OMANE D o BRI G,
1954a; Arakawa, 1954; k)5, 1949; Fujiwahra,
1954; I - 5211, 1954) 3K & R EWZE L 72
NS OYEERKE R OMNT S 20 HER A IS B
LMD E LW Z K LTz 20RO,
NI (1954b, 1955¢, 1971) L IlIA (1976) DHIZE
R TH %o

HHRD - WRLERIC X AR BEOEITCIE, HARTIE
1970 4E £t @ K B (Maejima and Koike, 1976)
25 1980 I - TRBITEL ooz 4G
= % (1981), Maejima and Tagami (1983), =
1 (1983a,b), ki (1983, 1989), Hik: (1984),
A (1984), A (1985,1986a,b) 7 EASELHET
Ho7zo AW - AKITH] - RIROHLEE DI
DWW T OIS EART, HARL ZOFBOHIgAH
SR TH o720 T - FREOHE2MESTZ LI,
B, 1980 WM T TOW R DR L ILFHE
(1983) 12dH 5,

B LA EER O 7T — % £y MESEIIEE

TAETH B HA (1993, 1994), =k (1991a,
b, 1993), 7Kk (1989, 1993) ASAEDTF— ¥ & v
FEER L7ze TOIED—DIF AR MZEIC
X B RHERI A (F4), 1988) TH o7z, &
HITIRIEIZ R - T, KBk (2004, 2006) (&7 HEC
HEMS, 151 E 16 IS BIT 2 HARDHH
DRBEFEREEIL, FIAT L7 15 HRZICOW»
T 748 X—Y, 16 HALIZ DV TIL 669 ~—
DEFHETHMBES - BB & O )RG5 TR
ENTwb, 372, EioEo s v—73EH
DREGFAHBEHORIERE 2 HEE L, RAZL
LD DfFNT, TR - IF K EOREFEDOE
1A%, Bz, VW HA - hgtHA - J]ILH AT
ED LX) ITESTW 2D, BEE DL HET
Hbo Tz, BHORLETH L0005, BELGFHM
OB F - 3 AOMIKEBHOMIREL &, Buad -
BT B 5E, A - RARER L TR
DIBEER AT E D BRICE 72 L7z
T, 1990 fE18AH 5 2000 4EACIZFFAT - FFZED4E 3
Wrankyr, BEOZ DI, LABRL7
HEIOER RIIARIC L2 7ay 27 b e L
TTIE%L, MAFZINS BRIV —T D%
JITH 2 12T SN2 LIS E L TBhRIER
L, METIE, HARE LT, §HEDX
I IR WFSERHI T 4 W RRIB S 2 9 RE T
H5o

EHICHEDEL TIRRB 05, RITD 400 ~ 500
FICOW T d RS - HARIC L 280036 0%
FHETHVBERENLONOOH 575, HOKME
B L ZORPIZH L ORI E RS TR
Vo

2) HfE

#5000 FEOFMEDEFH PO TELOLN
72 (Zhu, 1973; %%, 1973) . Z DL 1960 4F
RICFLDOENTZH D THSHA, HiEEZDN
sk 15 R ZERE ROBUETH Y, 4HTH
WFSEE NI NA TVER L TH %o 3 TICH ARG
CBHRSN, BHICHAMSINTVG, 2O, 2
DFFL DNV THE - R fTbhiTw
% (#,1996) ZOHTHEED LD, TI7T
GO HP A 4 #AI I3 B LT IR
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4 WRHRIEICALZTIE2LHKDOR (Ho, 1980).
Table 4 Ratio of droughts to floods by centuries (Ho, 1980).

Period (AD) Ratio in China Ratio in Europe Remarks *
0-99 5.2 0.5 dry in China
100-199 1.2 0.0
200-299 0.9 0.2
300-399 4.9 0.5 dry in China
400-499 1.3 0.2
500-599 4.1 0.2 dry in China
600-699 2.2 0.6 dry in China
700-799 1.0 1.0
800-899 2.3 0.3
900-999 1.6 0.6
1000-1099 1.5 0.3
1100-1199 1.3 0.4 wet
1200-1299 2.3 0.3
1300-1399 1.0 0.4 wet
1400-1499 2.8 0.5 dry in China
1500-1599 2.2 0.8
1600-1699 1.0 0.9 wet
1700-1799 0.3 1.2 wet
1800-1899 0.6 — wet

* Definition of “dry in China” and “wet” is not clear in the original

article.

WCRAEZETHD, —D2DOFIL 5374 8 HIF
% WBEAHOBELOR) PBAOER (7 vk
1) BNz, ZOWEZZT - RKBOBUFIE
Erre TR LU, FOMOFEEHEY T LD
5 &, 5B, S 6 T ITA F TOR 100
EEIC T LB L 72, Eh, RoBEEFHL
THBBHETH D, TD LD HHoMBIZ 10
RO B DN D DD, TOHREL kb,
SHOMBEIZ, O LWERONUE - AT
T, W Lo HIREO L - s, T
A, S AALBR ORI B A2 WL L 27U
o (F,1996), &2 Tix, BIEMPI SN
TWABIRYTYH, BIBTLHET V7 OlhhE % kY
CHMBUSIZIL ELTWwa Z &2 T 212110
72\,

3= 2,000 AEDFIBIZONWT O T B EFHE 5
3R40EBYTHSH (Ho, 1980), LT &I
TFIED L PARDIL TR L2 4, 6, THRATIE

D, 12, 14 IR E Z L Z v, 4% S
SICREL W SR S

TR, 7% 4,000 4E (FHIE 3,000 4E72H
NZIZIZIT 4,000 4E) 1272 5 GG RDTIIT S
N7z (E, 2004), B LFERHIFZROIE D,
B - A A R BREHOW DA
BEFEIZONTORETH D, s (i) 12X
% &, FLICHT 21 fAd, ALICHT 19 fhfdid H BOR
JECTEIIKE L7z AIohi 16 iz Fido a8
THEMEFEL, TONO 5 EGXECIHERIE (5
K&K - HRE) Thol- QBB LN T
Wb,

COBRTHRRI ML ICONTRLED S &
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%t (Zhu, 1973).

Fig. 3 Frequency of winter thunder storm (solid line), dust storm (dotted line)
(Wang and Zhang, 1992) and reconstructed temperature (Zhu, 1973).
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