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Shanghai Area

» Year 2008

» Population: About 20
million

» Population density
ina 2,978/ km?
Area: 6,340 km?

4 m above mean sea
level

Monsoon climate

10 divisions
BB 2REL
(2004) 10{EfAm 4k -
& BB A EB%REKE
— 58 Rl -
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» 20 years/8 million words /8228 documents
» Classical Chinese essay 2> Record digitization
—>statistical analysis

y A lEBAE (FAt1648%F) "HIERAW - KEIE - ETLFE - K
& - KKEiE - 1 &IV ER)

» 3 records: spring-January 1st, strong wind and haze;
summer -drought and no water supply; autumn-severe
tidal overflow

» BB+ /)\&F (AIe61FE ) "EA (—A) ZEMAER -
ShAZEMKRE - 1 (ZELIE-FAZRE)

» 9 records: rain in spring-January (February, March) and
in summer-April, drought in summer- May (June) and in

qutumn (July, August, September)




Data analysis

» Precipitation index (annual data)§z &5 4k
- Extreme precipitation index= &
- Average precipitation index & ¥15
» Temperature index (decadal data);m/E 52!
> Summer temperature indexE¥XERE
- Winter temperature indexZ¥FERE
- XFFERIAZEREFIA ; EFXFFEREIERTH
» Frequency of special weather event (annual data)
- Typhoon, hail, thunder, tornado and tidal overflow




Table 1. Precipitation indexes and associated criteria
and literature descriptions for each division

NEZEZEEFLR
_ Description
index standard :
Natural aspect Social aspect

~L Sk 2%, W SZ IJYIS ,
1 Long duration of rainfall over half EFfkZErR > AFRKH ?éj%f% ﬁ%iﬁgg o
(torrential a month, and the presence of FF{TREHIE boat on %_f%”}i Ebodles OAfA the
rain); certain degree of social disasters  the land starved
2 One season or one month of %?ﬁgﬂﬁ %g HH . \

~ /< F$ o > > 52,3
(heavy rainfall, and the presence of light A iy i 28 % low é%}éﬁfw Gfi;/of tE si; %e%
rain){7% social disasters harvest HREMH =7
3 (normal) A plentiful harvest or no weather XA54 - Kfg stable | ., . . .
EH records harvest SR Je B stable rice price
4 One season or one month of OoRHEE o B RERT

DR s SR B ) i )

(drought)  dryness, and the presence of light :{fﬁagﬂj |oc%s§% i B M % % bodies of the
= social disasters BT starved

S T-g% 5 H 7 ZIC
5 (great Long duration of dryness over #(H - ERK{FE > %;%f% EH;%?; ﬁgiﬁ/’ o
drought)  half a month, and the presence of FEIfFZY ; JAEEZE 5 %"LL e bodies O*fA the

certain degree of social disasters  FfefiE ik H = locusts starved

om Zhong and Zhao#ZJSULFIEEE(1994) [drought-



Table 2.
The standard of regional extreme precipitation index

F &R I 52 2 S 4R

Index rain or drought conditions for a region
1 (torrential rain)|At least one out of 10 divisions Is indeX one,
N others are index 2 or index 3
2 (heavy rain) At least one out of 10 divisions is index 2,
(=% others are index 3
3 (normal)1EE | Most of divisions are index 3
4 (drought) At least one out of 10 divisions is index 4,
=5 others are index 3
5 (great drought)|At least one out of 10 divisions is index 5,
£ others are index 4 or index 3

» Source: Modified from Wang et al. EA8E % (1993) [station number]




Regional average precipitation index £&X¥1982 254k
(Zhong and Zhou 1994 ) fEJRIEFIHEEE
= (2F + 3D +ZE) / (N-E) (1)
7]D7f*“_—iﬁ§§l F & 1982 #E8k
F: index values for rain divisions
D: index values for drought divisions

E: index values for normal divisions
N: division number

Weighted average relative to the normal index (=3)

Table 3. The standard of regional average precipitation index (k)
BHkBERGEZEFIIFZEEFR

Index |1 (torrential | 2 (heavy |3 (normal)| 4 (drought) 5 (great
rain);& rain) drought) &z

K 0.33-0.67 | 0.68-0.90 [0.91-1.10| 1.11-1.32 | 1.33-1.67

- Source: Zhong and Zhou (1994).




Table 4. Criteria of temperature index ;REfEE]

Temperature

. Winter 2408 Summer E JH
index ~ A B

R EZVKEE R - HETK wme | R
A : e B HKETEE
-2 (cold) &l large freezing water }Ii?e?;?/y s%o%lvizrgaaysaﬁ
body, horse vehicle on ice

-1(slightly ks - oksssia heavy snow, FRgE—(8 F L2 Emgft

C0|d) ice on the trees Rainfall over one month

AR ECE, ~ KRB K

No record. Rain for days.

FEZEL ~ W H DA EATR ~ 52822
=c#El  Very hot. No rain over
two months. Drought.

Source: Modified from Wang and Wang E£43& - FHF(1990) , Chen and
MiExXH - KEFEE (2002) [List the descriptions found in our study]
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0 (normal) fREAHBAZCEL no records

KBEAE ~ B E R warm

1 (Warm) winter as in spring and summer




Summer and winter temperature index

EXmia#l

(Chen and ShifRXH -~ it f /& 2002 )
Decadal data (105 HIE R

Temperature index = 10 - 2N, - N, + N

3 (2)
=10 + (-2)*FZ + (-1)*F& + (1)*FE

N,: year number of temperature index = -2
N, : year number of temperature index = -1
N;: year number of temperature index = 1

temperature index = 10 = normal
< 10 = cold
> 10 = warm




Special weathe

» Typhoon, hail, tf s
(X mERERECE o

-400 -200 O 200 400 600 BOO 1000 1200 1400 1600 1800 2000
YEAR
Fig. 3 Comparison between f, , and the § T of Chu (1973).

» Tornado
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Average precipitation index ¥198zi#(thin) 10-yr running mean (thick)
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Winter temp%;R152( (thin)  50-yr mean (thick) trend (dashed)

" — A&REE  TSEBSHTY — HEEEER annual data
, ] 1644-1911
1 om Al ----:-Ds%lf (268 yrs)

y =0.0038x +7.2363

5T cold warRrﬁl:O_O_:;ggg4 —old decadal data
gl 1y ;S0YS g o\ y oy 150 yrs, . ,  50yrs ., 1650-1909
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Frequency for every ten
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Table 8. Associations of decadal data of temperature and precipitation

+EH KR CWEE WnEOR EREEZ APEE EfiUnE KR

V% V% V% V% V%
BV 01825 01270  0.0667* 0.0001 0.0127* 0.0730* -0.0040
o8 - 0.0172 0.0333 0.0105 0.0123 0.0036 0.0134
NS — — 1.7921*  0.9025* 0.0230 1.6356* -0.0963
R
I - — — 0.2868* -0.0157 0.8452* -0.0801
)z
RS S MRE=ER/VE - BR
gipgy  SOMSTAEXEINPIEETAN  S0m g3 19490 -0.0186
55 DT ST ERIGTR=ERD
Z 315t = 8 /D gl B Ak I bl == B /D
Q\/i: = N AR S _\ _ -0. *
S B BRens  2RBREREEK 06000 0.6200
R REEES -
B fili — — — — — — -0.0789
B8

LRI Z BT R O TRERAV B > DUl B R R B > SEmE R

a5 552 R BT p <005 AEEY:




THEEER (R9) BRBEE 2EREEAFI95 % - iRk R - BV 195
RN BN RFIERRENEMEE (p < 0.05) - RN EERE
RZ - RSRRE  MERD - ARSUN LBRFTETEREESF - Fi
PAReE RV &8 F 0] S RME F TRV EMIGRE - K2 FRN 9B R
RE - RS HBIHELSRARBEEZRT - BHKREZS - Filie
RS FERHEZL - MInfEKEBRTERES - HH - BEEIZIRREL
mEENTRRNES - F5 et S ¥ F g KRR EE -
%9 nfERKERATSA R R IR

Table 9. Associations of decadal data of temperature, precipitation and special weathers

T B Kom  CPHEIR MumEas  BEEIR KOWEEIR BlimicE 0 X
i)zl -0.1905 0.1308  -5.5346*  -2.3873* -4.833* -6.8000 -2.3349*
K& -0.1905 -0.0885 1.5535 0.9601 1.3725 0.4000 0.1127
e -0.6825* -0.2348 1.1105 -0.3563 3.3824  -18.4000* -0.6763
A& -0.3413* -0.1536 2.2445 0.5415 29020  -12.8000* 0.5475
HE -0.1746 -0.3728  -0.8328 -0.6944 -0.1961 -3.6000 -0.7568
HEVE -0.1349 -0.2577 0.7383 -0.1349 0.8137 4.4000 -0.9179
Wi -0.4444*  -0.0217  -1.9197  -2.4597** -1.1471 1.2000 -2.9147*

L1 R M AR TR TR DU B R - S
252 1 BIETHROR p <005 TR BETHT p <0.10 > HREEI -

It/ TV
s R ARD N

T




Temporal associations between special weather
events 4594 K F BV IS B 16

Decadal hail thunder tornado Tidal
data overflow

typhoon -0.3290 0.3132 -0.1877 0.5902*
halil — 0.5824**  (0.3416** 0.2309

thunder — — 0.2014** 0.1192

tornado — — — 0.4537




Spatial associations between special weather
events¥5 & X 5 BY 25 [E] 1H

250-yr hail thunder tornado Tidal
data overflow
typhoon -0.0900 -0.1900 0.1900 0.9800**
hail — 0.6400* 0.7100 0.2000
thunder — — 0.8100 0.0700

tornado — — — 0.3900**
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Conclusions (1)

The average and extreme dry-wet indexes show a frequently
dry or wet change in 1644-1730, but a mostly wet change
after 1740.

The decadal winter and summer temperature indexes show
that the Shanghai area is colder in the first fifty years and last
fifty years than the middle period of 150 years. However,
there is no warming trend during the study period.

Summer temperature has a significantly negative relationship
with extreme rainfall from decadal data, implying higher
extreme rainfall and then lower summer temperature with a
non-synochronous change.

The frequency of typhoon, hail, thunderstorm, tornado and
flooding is 2.5, 2.3, 3.6, 1.8 and 3.6 for every ten years,
respectively, and thunderstorm and flooding have the highest
frequency among the spatial weathers. The 50-year statistics
shows that the number of typhoons impacting Shanghai is



Conclusions (2)

On the contrary, those of hail, thunderstorm and tornado are more
in the initial and final periods than the middle period and that of
flood is more in the initial period and fewer in the middle and final
periods.

The spatial distribution of event frequency shows that typhoon
occurs more in the southeast and northwest. Hail, thunder and
tornado have a similar pattern, more in the middle and northwest.
This could be attributed to areas close to the sea and the river, and
higher urban development status. Flooding occurs more in the
counties along the river and sea or in the isolated island, due to the
effect of river and sea levels.

Associations between temperature, precipitation and special
weathers show that typhoon contributes to average and extreme
precipitation; more thunderstorms in the whole year or in the
winter contributes to average precipitation in the whole year or in
the winter, then lower summer temperature and more flooding.
More typhoons and tornados might cause more flooding. Strong
,.'tIOI’IS between hail, thunderstorm and tornado might be
ed by are convective systems and large-scale unstable



» Thank you for your attention.

p—



» 18th—19th century, significant progress in
meteorology
- progress in physics and chemistry
- instruments of pressure, temperature,
humidity, wind and rain amount

» Earlier climate
» Climate proxies (indirect measurements)

» Ice cores, tree rings, corals, pollen grains, lake and
ocean sediments

» Historical documents can provide more direct and
better time resolution in climate information
(Wang and Zhang 1988).

- Qualitative data

- Quantitative data: Clear and Rain Records (& = é%),
r‘es of Rain and Snow (& £ 4~ - )- few C|t|es in Qing



Data analysis

» Precipitation index 522 4R
- Regional extreme precipitation index = &t lin & &)

Table 1- Define the precipitation index for each

division (descriptions of natural and social aspects)
PEER

- Table 2- Define the regional extreme precipitation
index

- Regional average precipitation index= & 1954k

== Ty

- Table 1- D_eflne the precipitation index for each
division7 &4}

- Equation 1- calculate k value from all divisions

- Table 3- Define the regional average precipitation
index from k value

- 1 for rain 5 for drought (smaller precipitation index,
Iarger rain)




Table 3.

The standard of regional average precipitation index (k)
kERSEEFIFFZESFHR

index |1 (torrential | 2 (heavy |3 (normal)| 4 (drought) 5 (great
rain);%2 rain) drought) 57

k 0.33-0.67 | 0.68-0.90 [0.91-1.10| 1.11-1.32 | 1.33-1.67

Source: Zhong and Zhou (1994).

Ex: index values of 5 divisions (1 for rain, 5 for drought)
Example 1: 1, 2, 3,4, 5

k=(1+2+3+4+5)/(5x3) =1 =>» normal

Example 2: 1,1, 1,1, 1

k=(T+1+1+1+1)/(5x3) =0.33 = torrential rain
Example 3:5,5,5,5,5

k=(5+5+5+5+5)/(5x3) =1.67 =» great drought




Data analysis

» Temperature data << precipitation data
- Decadal data (10FEIERIMIEFBFER])

» temperature index
- summer temperature index E;REE!
- winter temperature index ZR15%]

- Table 4- Define the temperature index every year ;aE 73 4&
- Equation 2- decadal data of temperature index +F8RE

T RRIE R




Data analysis

» Precipitation index (annual data)gz Z=% 4K
- Extreme precipitation index = & il
- Average precipitation index® & Y15
» Temperature index (decadal data);mE &2
> Summer temperature indexE¥ERE
> Winter temperature indexZX¥ERE
- XFFERIAZEREFIA  EFFEEIER7H
» Frequency of special weather event (annual data)

- Typhoon, hail, thunder, tornado and tidal overflow

» Lunar calendar: spring (Jan, Feb, March), summer
(April, May, June), autumn (July, August, September),
winter (October, November, December)




15 9R K S B9 48 3 R BB AR ¥ XY
RS LEBHE SR BB RIAR R R E RIS {fz%ui BPRE (AL
R) A I (BRAL © EHo0EL > FEFEEN) o

B& T &I FBE OML et FH OEE S ORBE B
W&
el 439 147 211 242 120 281 142 135 318 328
FFR K
g 82 3 65 58 33 53 27 58 88 81
@E;@ 1) 5(3) 31(15) 11(5) 7(6) 6(2) 3(2) 4(3) 22(7) 25(8)
ig 8(4) 5(3) 0(0) 10(4) 4(3) 15(4) 5(4) 7(5) 16(5) 14(9)
R
b 9(7) 9(6) 5(2) 18(7) 14(12) 14(5) 4(3) 11(8) 20(6) 12(4)
FEVE

0(2) 3(2) 4(2) 3(1)) 22 4(1) 2(1) 13(10) 11(3) 6(2)

KE

1(5) 13(9) 25(12) 16(7) 6(5) 14(5) 13(9) 23(17) 19(6) 24(7)




