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Application of Generalized Additive Model in Forecasting Cases of Medical Sites in Expo 2010 Shanghai
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Abstract: [ Objective ] To explore application of generalized additive model in forecasting cases of medical sites in Expo
2010 Shanghai China. [ Methods ] By using a generalized additive model with time series adjustment for weekend, the daily
cases of medical sites, the total visitors to the Expo and the meteorological factors from May 1 to Aug 8" were analyzed and the
forecast was compared with the actual cases. [ Results | The number of medical site cases showed a weekend effect. With the
total visitors increasing, the number of cases increased first and then decreased. With the daily temperature increased, the number of
cases increases. The average relative error of prediction was 10.44%. [ Conclusion ] A generalized additive model fit the number
of cases of the Expo medical stations and can be used for similar forecast in mass gathering in the future.

Key Words: Expo 2010 Shanghai China; cases of medical sites; forecasting; generalized additive model

I 2010 4F 32 CHRTAR  Bfe i ) 2 — b
PERTIE G 8l @ M T2IMARE AR, KA
B AL YRR TE R R KB AR, s [ BRELARIT 5
s Bler | IR N 2 S R TR 2 S A U 2 R 20
o R T S A I 2 ] DX PR B B S A
SR AR T RERI RIS TR oR, e T TLAR R el X P A
bl XA 0 3 BB 1 By 7ol R e B e, P B 7l DA 2% s B
BEAE e DX A AT , A K Bl DX P AR A A B R A e 4 A2
BES7PIR S5 o AMAF S N R RS (R BRI, PUE SRR 1 OOF
PEAT RN, AR A T AP [ 2010 4F L gt 2 bl X
PR S 1 DULAR S AN B R AL (fai b “wiZ A i R4 ),
W ZRGE, AT SR A H Pl Xis AR SEAR TS 00, M
R RALHRT | R Y3 | Ao b 3 R At A
AT,

[ YE& I M35 05 (1980-), L, Wid:, FAFBI; DKM AT
5 A4S E-mail: fftao@scde.sh.cn

[ *BEEE 1IMELRI FEENT; E-mail: xdsun@scde.sh.cn

[AEF AL | i pos BB il o, i 200336

TR Xtz REEBI RS2 EIE, i
U 1) >f 22 i R s R M Af 9 15 2 B U TR, DB SR IBURE 1 114
X, A B TR XA S BA S SN R T, i AR
UERE X AE R 3877 o TR ST FEEE B bRal Tl iR, Xt
B3 H e Xie NECGHEAT 00, e Rt ABr s, wl e X
Wi it i ) SRALE R AR o R Az NEOTT RESZ Z R R R
o, MAR AR, KEER . &R TGSt SaFE R
FEMR, FIT LA B — [ AR e i) P A5 G ARTMA #5580 AS BE 3 2
T, T S R R A O S A e R, T LAAHE
R SRR 7R generalized additive model, GAM )RS
el X iz N TR AL o 545 58 Jy 1k L, MBS AR X6 iy A8 e e
ST BRI, 35 T 2R A AT R BB, e Ik i
ik, We— 2l 5 R AR A AR A2 20 AR M OC R G [ AR 5t L) PR K
TS A A AR, BB S5 (B] 1A R | ARZek ¢
2, RIEMETE, M 1990 4F HASTIE F1 TIBSHIRANT £ 4¢ b ) i
T GAM IS5, B MRk 8 22 1) B2 2250 38 T ik iz i
N B EAR 2T, B T AT R iR

ATIFFE SN I ] 3 50 GEkE, Sl AT 437 T {4



- 10 -

B0 B2 2011 4F 1 25 28 55 1 3 J Environ Occup Med, Jan. 2011 Vol.28 No.l

IEIEONEPN S S E SO IN YN A GO A A Kl
A Bl D2 N BHE (e mg A, Sy el DX 36 T A 22 e PR
AR A

1 MR5H%
L1 FHRR

L 2010 47 i SR 23 bl X Y RIS S E L
ARG W 20104E5 A 1 H £20104:8 A 31 H &
H e DX NBCRORE, 250k F I T T s i s
P,

20104E5 A 1 HZE20104E 8 H 31 A iR K KR N E T
BLE FHFTT RS R IR B G PO AR M A H e R
H AR . BFEAR . B2 PR A . B
SRR
1.2 it oMt
121 BEEHER N llECTE B SR B
NS 3 NUNTISYN €2 PSR EN VP SN I TSI
122 GAM ZH# 4T GAM HAES IRk, S H T2 45
A ZRARLM R HT . GAM I EEATE R g ()=
Botfi (i )44 Cxa )+ 4 (X ) +eo

AW, BT RE R R RER AR H IR 2E AT

BELAUE L KA ) AR BN AR, 2 ke A B0
Baa b IR W13 T A USE WS INT RPN kA
, TN L Z 5his ABONARLRMESC R, Ik, SR GAM #
SETRIMAE Y & e R TFEE ], Ye s ¢ H B A 3T e,
Yt IR M EAR IS B R E(C Y ) 1) Possion 20 A, GAM 14 322 BRI 430 M Xt
BREL, HATEA -

log(E(Yt))=o+f(t)+s(T,)+s( Ty, ) +s(RH,) +s (AP, ) +
s( WS, ) +s(SY,)+y( Dow, ) +e,

Kb o R SRR RS s VIR ARG
T, 055 R HWESR T e e R HIE2E; RHONES t K HAF-
YAIRHRRE s AP, NES ¢ K B TE; WSS ¢ R B X
SN S A PNEUNTRSUN SRk ST EVE SIS @
Dow, FAK H RN BIMEAS &5 & RikZE

PG R 25 R B AR L AU L KU A X 45 A
RIIRA, FRANABUAR HEAE B4 ) A B S 1E

PEFE 2010455 A 1 H £ 8 H 8 H Il 100 d A B 84745
RUSA, FFFABLA BOBRLE A B B0, O ACR PN bR R
HIXFIR 2

AMFFER I SAS 9.1 B HATHE 507 o

FE R HE

2 &R
2.1 BRFEHE S

R LA DA R O NSRS BT s, s
TR TS A AR, St ABedsm, AR AECh
40~50 T, S NBUR R E . #ie N ERE R TT el i ) 2 20
AL REAEIE S, HiRZE | ARFIRGE S e N B
OGO R, AR 5 502 N OC RN, AR A4
PR

0

0 20 40 60 80 100 120 14015.0 20.0 25.0 30.0 35.0 40.0
FERIT (d) il (C)

Opening time ( day ) Temperature ( °C )

r=0.76
P<0.01
4
N
~ 0 2 4 6 8 10 12 14 160 10 20 30 40 50 60
2 (°C) INEIN AP
Temperature difference ( °C ) Visitors (10 000 people )
EIOOO F=—0.02 -
£ 800] P>0.05
Z 600 -
;Eé 400 8 . R
= 200 r=-033. !
27 P <0.01
|40 50 60 70 80 90 100 998 1002 1006 1010 1014 1018
H BRI (%) S (kPa)

Relative humidity (% ) Barometric pressure ( kPa)

By 0 T T T r T T T r ’ !
Y 0.0051.01.52.02.53.03.54.04.55.0
WG (m/s )

Windspeeds (m/s )
E1 i NBEFERE., KB, BEE. ANEAK. BHEMEE. S
E. RERXFR
Figure 1 Correlation between medical visits and opening time, temperature,
temperature difference, number of visitors, relative humidity, barometric

pressure, windspeeds
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Table 1 Distribution of medical visits and meteorological factors and

number of visitors, May Ist-Aug 8th, 2010

547 ( Factors ) JERE ( Range ) P»s Psy Pss
Ty
Tj“’)\ﬁl( A) 201~908 462 619 709
Vistis ( Person )
YR (o
Atk (°C)
Temperature ( C ) 15.5~35.2 224 26.6 30.0
Hilk 2= (C)
Temperature difference( C ) 1.6-139 33 73 93
4 Qei!
y %ﬂﬁﬁﬂuﬂﬁ“( %) 46.0~93.8 69.6 73.6 80.0
Humidity (% )
L 1 (1P
HUE(kPa ) 10003-10165  1005.1  1007.7  1010.7
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HRGE (/s )
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Table 2 Parameter estimates of model fitting

T SRR TIEDL , ;
Parameter Parameter Estimate Standard Error
Intercept 5.56779 0.03200 174.01 <0.0001
Dow 0.03421 0.01205 2.84 0.0058
Cos(1) 0.02527 0.00922 2.74 0.0076
Linear( SY ) 0.02155 0.000 66 3255 <0.0001
Linear( WS ) -0.03896 0.00730 -5.34 <0.0001
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Table 3 Summary of Smoothing components model fitting

ST oy T =
P T P & C S G Ty
¢ ! Smoothing v IERIN ¥H
omponen parameter GCV Num unique obs
Spline(SY ) 0.99942 5.06277 0.00715 98
Spline( WS ) 0.76448 6.80392 0.004 10 25
Spline2(TT1) 35.56340 7.31673 3.58614 99
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Table 4 Deviance analysis of the smoothing model

TR AmE 7 B
Source v Sum of Squares Chi-Square

Spline(SY ) 5.06277 94.465 14 94.4651 <0.0001

Spline( WS ) 6.80391 63.607 89 63.6079 <0.0001

Spline2(TT1) 7.31673 933.94786 933.9479 <0.0001
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Table 5 Prediction of the final model

TFRERE (K SEBRAE i AR 2 (% )
Opening time( day ) Observation values  Predicted values Relative error
101 687 682.52 -0.65
102 714 760.15 6.46
103 720 750.90 429
104 749 800.44 6.87
105 854 859.53 0.65
106 908 882.05 -2.86
107 708 748.30 5.69
108 701 797.61 13.78
109 624 734.81 17.76
110 706 742.51 5.17
111 726 775.24 6.78
112 642 803.17 25.10
113 871 862.53 -0.97
114 711 837.38 17.78
115 796 813.40 2.19
116 659 789.17 19.75
117 655 776.57 18.56
118 707 852.30 20.55
119 699 832.81 19.14
120 709 766.36 8.09
121 584 653.88 11.97
122 413 467.96 13.31
123 335 404.40 20.72
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Figure 2 Scatter plot of cases observation and forecast values
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