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Abstract

In order to fit the new incidence of brucellosis in Xinjiang, this paper uses ARIMA(P,D,q)(P,D,Q)12
model to make short-term prediction and discusses the feasibility of the model. This paper collects
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the monthly incidence of human brucellosis in Xinjiang from January 2004 to December 2016, and
uses R software to find the optimal model and make prediction. First, the incidence of brucellosis
in the 12 months of 2017 is predicted. Secondly, the value from February to December 2016 is fitted,
and compared with the actual value from February to December 2016, the ARIMA(1,1,0)(0,1,0)12
model (AIC = 1606.44) is finally established, which has higher effectiveness and rationality. The
model fits the new incidence of human brucellosis in Xinjiang well, and can be used for short-term
prediction and effective prevention of brucellosis.
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1. 518

TERE 25 30 ZAEH, 35 2 SR —FloBT I A8 85 52 M A RE 1 AL Yo tH I, 70X B8 R AL el b
75% 8 N B L R[] A IR (AR AT ) A2 B AT 6 QB 51 AR (0 —Fh 3k v A% e, 1905
CETETRE g Ry U R IR [2], B A A DR i 1)/ B 22 TR PEBRAF B8 5 A i1 1k N B L B A e,
YR F BRI &, A AT KR, AR B AR 28 e 6 1 A G [3]

R R T AR A R B 1 DA B R — s X, N R A 1 A R I R R A A [4]. TR AL
MNwZ A2 RN B, BT A s 6 5 22 Al R, BT ATSUIN AT PR A 26 B L ) Lo — =2 T DAAR
oA T, A B YOI R BV AR, A Bh T HE m A i T i TAEIRE /) R 7RIS R T
PR, AR T B 1 BAZ DX ], R DLW S bR A0 22 TR AE IR W Y BBl . —MFE i (BUA ), A& 4%
()R A PR B AL AR A a2t a3 . i RV R AR, W RSB R R AE TIME 95% &
FEIX NS, R HZEEREARES, WREHTE 95%E (5 X H, RUMHZEOART DR
TR, WAL ey B R BRAT I AT g . DRI, o A% o B0 A T JE s AT 0 220, FH (9 T A
MG FAREFINE. KEORGE. N TS M5,

AR BRI (R0, A — e T — SO R AR QR AT S, IR AN
(2012) 73 ) FH 1 2 [=] U7 | Fi P20 ARIMA BRSO 25 1 % 15 M s AR 50k, 45 /R H ARIMA
BOA BENE T AU S 2 R IR R ) Zh A H[5] . FiESE N (2014) KT 5T, 73 ABIMA HEAY BEA% A5 R
TFRER[6]. FR4E%5 A (2016)H R B4R i Holt-Winter FE¥(21B AT SARIMA AR HM 1) M i F
B R IAIRTE DL, 45 SARIMA BRI TN - 8y 7]: 5 K (2016)H 1 ARIMA I [A] J 41 42 Y
A1 ARIMA FRAEAY, TN T Z AL G5 1 BT S50 AR AL 9 b (AT MR CE AR G AT
s, SR EIR ARIMA FRFA TSR T ARIMA #571[8]., %54 A (2017)H SARIMA F&7
B IS TSI T IRAT PR AR A 1 Bh AR [9] . VEMBEE A (2018) L H: ARIMA £578 Fil Holt-Winters 5274
FE BT TR B T e R, 45 5 ARIMA BERLDLA RO, FRIIKS 7 3 i [10].

A3 PR BRAT I AR B E NI AU R, 2 B B 8] 5 4 1) g b B sB A R AR LA, SR TI .
OB BEONE GG T AR A S0 . AR A SEUS T AR RS W S Ak BRI .
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2. #EREHE
2.1. BAEkR
WK 1 iR, HE4EE /R BVEX G RHRIER 2004 4E 1 H~2016 4E 12 A BRI 558 A AR B &
WL TTULE EERRECE LI, 6 AmarE EmiEii.
2.2. RRIpEEST
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Figure 1. Monthly incidence of brucellosis in Xinjiang from January 2004 to December 2016 (a)
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Figure 2. Decomposition of seasonal factors of brucellosis in Xinjiang
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2) SARIMA F 7421

SARIMA #i7 ., 4G B SCER AR EL A TRF ARIMA B, JZEENLETT AL 5 ARIMA #ALZE 4,
P FHZ, t=1, 2, ~PEZETPE EHRPEREIIER, AT LI FRR TR, RIR Y SARIMA
(p,d,q)(P.D, Q)R H— i N[11]:

4, (L), (L) (1-L) (1-L) Z2,=6,(L)0g (L),
e
¢, (L)=1-gL-gL> - —g L
Dy (L) =1- gL — gy L o= g L

6,(L)=1-6L-6,L° —.-—6,L°

O (L) =1-0,L° =0, —-+-— 0o, L¥

p NAEZETTE A £, P oNZETT A BIEN L o AAEETRAFANE, Q METH M. d,D 7
BN 2 RN A N AL, s AWK, o NABFEFS.

3) SARIMA #5785 37 35

R ST 725 410 1 43 BT AT i s A A 3@ 2 (R

Q) JRIEF ARG : ADF BALREL:, 4 P <0.05 I AT YN P FIFAa.

b) PR ARl MR -FEL P 41 ack B H AH G R 30 pacf &, I FEIE U4

¢) SARIMA AL, AEAD Y LR o oy 7 38 G N 2 B0 AN 2 1T 5 B AR AL AN A el 8, R
A auto.arima B AL H IR RN, IF4E AR 24 [12].

d) SEhTE AR W S Ak B B BA R TE, 80 FI P S S B AY o oK i S 04T Al
TH AR I8 S 201 3 VRS, 24 P < 0.05 I AT S 4 3% B ARG 56 1) SARIMA(p,d,g)(P,D,Q)12
B, AR AR AERI(AIC), DUt {5 B vtk U (BIC) i & fe AR Y

e) MERIFRI . PR, 1E 80%AI1 9591 B A5 X [a) HEAT FE I 5L .

TN PR A FE B 7 VR B AR G, SRS AR RO S R AT T, TN R AR, R
FEEERER, ZOCH THMRZE, WF:

IR IR Z
RMSE= [n> (e, )’

MASE = n‘lzn:|et|/q
t=1

AR A IR 72

(f£ MASE ', g XA FRIRT RA A RRE L, TS PR E 7 51)

1 n
2 % =Xl

n—-m t=m+1

q:

3. &R
3.1. RIGFFIEREMRIE
JE 4G 5 51 175 A RT3 L. SR T Ljung-Box FBeyk, 455 P <0.05, ATLLZF 41
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EAMEFE . B ADF ALK SR, SR JEP SRR RSP A, BT LR BT R e 21 P Rt o
w3 for, ARSI 2. I FEEES . M ESREFTEES, SRER - ES
JREZFETES RN, % ADF AR S, P =0.01 B ZED 58Tz

3.2. &EAA

w4 iR, R—BESE—MZEN 25 5 FRIRES J5 1 acf AN pacf &, ATLARTHi 2 7 SARIMA
(p,d,q)(P.D,Q)12 Al d =1, D =1, HEA i p vTREHUE A 0 8L 1, g ATREHUME A 18k 2, P WRE
BUE N 0B 1, QATAEHUE N 08 1, LA auto.arima sR%L, ‘& LASZEL ARIMA BB 4)25 E [
4 SARIMA(0,1,1)(0,1,0)12 4R #[13].
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Figure 3. Various difference graphs of the sequence of a: { VX, } (top),
{V,X,} (middle), { VvV, X, } (bottom)
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Figure 4. acf and pacf graphs after first-order difference and second-order
seasonal difference
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3.3. BRI RIERLE S

3.3.1. B¥ufkit

SARIMA(p,d,q)(P,D,Q)12 BRI REMMIH G 45 R UIE 1 Fin. EIEHEHE T SARIMA(2,1,2)(1,1,1)12
PR, 25 38 25 K @ = 0.1, HAp AR & MA(L)I t{ =—-0.3605.P = 0.3595 > 0.1, SAR(1)I t { = 0.4837.
P =0.3147 > 0.1.SMA(1)f) t {fi =—0.5645.P = 0.2866 > 0.1, = F #¥iBIT t 56 . SR )5 HIFRAZEE MA(L)-
SAR(1). SMA(1), 44 7. SARIMA(2,1,0)(0,1,0)12 5!, A& AR(2)H t {6 =0.3238. P =0.3733>0.1,
FrLlGlER AR(2), #57 SARIMA(L,1,2)(0,1,0)12, & AR(L). MA(D)AREE, HIBk AR(L), 37 SARIMA
(0,1,2)(0,1,0012, A& MAQ)AREZE, AL MA(2), @57 SARIMA(0,1,1)(0,1,0)12, t 4@, fFiX
e—F, RiEFE B auto.arima pR#0] LLHE B RATHR B A& HIBAL, gt 2 e Sgu e, NItz
BRFCE R B 2 SARIMA(0,1,1)(0,1,0)12, 2% # 7 SARIMA(L,1,0)(0,1,0) [12]457, t A48 tHidEt .

Table 1. Parameter estimation and model diagnosis of SARIMA model
% 1. SARIMA BREE S H il T AR B S

2kt
E3 t{A P A
SARIMA(2,1,2)(1,1,1)12
AR(1) 0.1439 2.2449 0.0131
AR(2) ~0.7892 ~13.2639 0.0000
MA(L) -0.0115 ~0.3605 0.3595
MA(2) 1.0000 29.0698 0.0000
SAR(1) 0.4371 0.4837 0.3147
SMA(1) -0.4948 ~0.5645 0.2866
SARIMA(2,1,0)(0,1,0)12
AR(1) 0.1243 1.4798 0.0705
AR(2) 0.0271 0.3238 0.3733
SARIMA(L,1,2)(0,1,0)12
AR(1) -0.1652 -0.5756 0.2828
MA(L) 0.3040 1.1075 0.1349
MA(2) 0.1696 15224 0.0650
SARIMA(0,1,2)(0,1,0)12
MA(L) 0.1497 1.7780 0.0387
MA(2) 0.1417 1.2743 0.1022
SARIMA(0,1,1)(0,1,0)12
MA(L) 0.1144 1.4799 0.0705
SARIMA(L,1,0)(0,1,0)12
AR(1) 0.1278 1.5342 0.0635
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3.3.2. RS

23 515+ SARIMA(0,1,1)(0,1,0)12 #E#4 F1 SARIMA(1,1,0)(0,1,0)12 K5 Y f 5k 22 33047 (A e P A 56, T 51 5.
K6 fn, B AR 2R TAREN S E BT BIME AT IES QQ K. XM AMEAL ) BT K
PR ZEH G SRR, 1B QQ BIHHZRMUER /i, FT AP AMSE R )5k 2= #R BT [ s
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Figure 5. Residual sequence (left), density histogram and density estimation (middle),
normal QQ graph (right) of SARIMA(0,1,1)(0,1,0)12 model
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Figure 6. Residual sequence (left), density histogram and density estimation (middle),
normal QQ graph (right) of SARIMA(1,1,0)(0,1,0)12 model

[ 6. SARIMA(1,1,0)(0,1,0)12 #£ & KGR EFF (). BEEFH ERMEBEAIT(H).
IEZS QQ El(A)
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Wi 2 fian, EFXEX AR A IEE AIC A1 BIC FIE /N EEE RMSE 1 MASE FE /N HURR AR
AL, AT A SARIMA(L,1,0)(0,1,0)12 #5588 f5 ) 4 s N AL AIC = 1606.44, BIC = 1612.362. FiZY
SR Z B EGE LR P < 0.1, 4 SARIMA(L,1,0)(0,1,0)12 HE R4l i A N Fe AR

Table 2. Selection criteria test of optimal SARIMA model
2. & SARIMA 1RE§9iE BUEN 1656

R AIC BIC RMSE MASE
SARIMA(0,1,1)(0,1,0)12 1606.66 1612.583 62.8786 0.576
SARIMA(1,1,0)(0,1,0)12 1606.44 1612.362 62.8294 0.574

3.4, ERITH

1) T 2017 4£ 1 FH~2017 4 12 H W &K m

Wi 7 frw, SRA SARIMA(L,1,0)(0,1,0)12 A5, P07 8 A A1 A0 2017 4F 1 H~2017 4 12 ¥k
. N 3 Fiar, 2017 4 1 H~2017 48 11 H (G TRINAE DL T [X 8] .

2) 2016 4 1 A UART B N IIZR4E, 2016 4F 2 H LUE REHEIE N4

il 8 Fraw, KA SARIMA(L,1,0)(0,1,0)12 454!, @it 2004 4= 1 H~2016 4 1 H HIEHR (L) WG
T 58 N )47 5 2016 4F 2 H~2016 4 12 HH K # (A4 . Wik 4 Frow, 2016 4F 2 J1-2016 4F 12
H I TRINAE DA R S0 X a] . e 5 Fran, YIRS MAAR BB A2 IRAE, 7] LA iz B B &)
FLA H BT EEHT R (0 N T A s i

Forecasts from ARIMA(1,1,0)(0,1,0)12

1500

500

-500 +

T T T
2005 2010 2015

Figure 7. The ARIMA(1,1,0)(0,1,0)12 model is proposed to predict the new incidence of hu-
man brucellosis in Xinjiang from January to December 2017

7. SARIMA(1,1,0)(0,1,0)12 #=2EY & HFUNFTEB A [BIF6TH 2017 &£ 1 A-12 BFiLfmH

Table 3. The ARIMA(1,1,0)(0,1,0)12 model with 80% and 95% confidence intervals predicts the number of new cases of
human brucellosis in Xinjiang from January 2017 to November 2017
=z 3. fEE X[ 80%F0 95% A SARIMA(L,1,0)(0,1,0)12 2B FNIFTFE A B 75% 2017 5 1 B~2017 £ 11 Bfi&™#

17-1 17-2 17-3 17-4 17-5 17-6 17-7 17-8 17-9 17-10 17-11

FE 501 460 686 874 1280 1297 1238 1028 558 431 411
80%_I 417 333 527 688 1071 1066 988 760 273 130 95
80% T 585 587 845 1060 1490 1528 1488 1296 843 732 727
95% |- 373 266 443 590 960 944 856 618 123 -29 -72
95% T 630 654 929 1159 1601 1650 1620 1438 994 891 894
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Forecasts from ARIMA(1,1,0)(0,1,0)12
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Figure 8. The ARIMA(1,1,0)(0,1,0)12 model is proposed to predict the new in-
cidence of human brucellosis in Xinjiang from February to December 2016, and
compare with the actual value from February to December 2016

[ 8. SARIMA(1,1,0)(0,1,0)12 £ BYHA & H-FUNF 58 A [ 5% 2016 £ 2 B~12
B#Fi%mE, URS 2016 £ 2 A~12 B SEBRELER

Table 4. SARIMA(1,1,0)(0,1,0)12 model predicted and actual values under confidence intervals of 80% and 95%
i 4. EEEEXI8E) 80%FA 95% T #Y SARIMA(L,1,0)(0,1,0)12 = A FUM(E A1 SLFR1E

2-16 3-16 4-16 5-16 6-16 7-16 8-16 9-16 10-16 11-16 12-16

T 471 699 922 1442 1551 1383 1194 618 550 516 406
SLPRfE 396 622 810 1216 1233 1174 964 494 367 347 340
80%_I- 388 573 762 1255 1340 1150 941 347 262 211 86
80% T 554 826 1082 1630 1763 1617 1447 890 839 821 727
95% .- 344 506 678 1155 1228 1026 807 203 109 50 -84
95% F 598 893 1167 1729 1875 1740 1581 1034 992 983 896

Table 5. Model cross validation
5. BAIRZ X IE

ME RMSE MAE MPE MAPE MASE ACF1 Theil’s U
Training set 6.70 31.90 17.71 —5.66 24.52 0.47 0.33 NA
Test set 263.17 320.72 265.29 35.83 36.75 7.06 0.67 1.03

4. ¥W1ig
AR FR I, TEH AR, SARIMA BRI T FE 0] DL A DU5 : SR AGHH P R b AR 56 5

BARLRS SEUG T B ALS W S BRI, AT SARIMA(p,d,q)(P,D,Q)12 HAL k4 #H1 i
i EdE . 5 SARIMA(L,1,0)(0,1,0)12 spe A5 AL S FRUMIN AT o B A i £ o 45 S il s POl A 15 5 o L #4
TE 80% 15 X [F] il 95% B A5 X [FI 38 3, iX 3% WA AL & B, HFUIAELR A 201 . X SARIMA(L,1,0)(0,1,0)12
PR (5% 22 H AT AR P AL, I iZAR R ) A o O 25 P B A BB KT 052 (. 0.05, i B
BT (R ZE PP B M R PR A, B ZE R AR RS B O RIS, B A R R . IXTESE T
SARIMA BRI AT 47 M. SARIMA REAY 25 Fa i) (8] 37 47 1) &) B I R 2 P R84k, A B (R TR . (H
F T BASE 1) B o o5 0000 BT ) ) S, 0N 5% 22 2 R M 1 K, TS 25 T B O T LR SARIMA
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(0,1,1)(0,1,0)12 HZYFI SARIMA(L,1,0)(0,1,0)12 BLAY (I FRIKE B, FRAT /b7 TR RL AR ZE . (R, J8
it RMSE, MASE, AIC, BIC #fEillist t i B A 2 SARIMA(L,1,0)(0,1,0)12 A2

A SARIMA BERUXHBIRHEAT T 34T, AAPIERIE R 1) FTRAAHEIARAR R R, W% 84

BIHEAA; 2) FTUUH RIEF I auto.arima s H alE B, HORMNEIERIEE, 285 ERE .
HRABNTEN ZEE: 1) 22 50 NUAEKP sL8dlE; 2) @ar M - i & 2w Hs i A S 1,
PR BRI R o X T S A A I BT A SRR, DB IE B HH S BE A A [ 14]

FANTA FIEEDR G — LR QY A, FRETN, K808 1 L BEX 27 i i S B S

Fst. R REN], REBRA RIUEM — R vE A 5, AR TAES, FRATAT LA B
AR RSN A9 BRI FC 5 5 3SR SEA B 100 R SR SO0 i A 98 1 B0 6

E&WmE

HriE4EE R H VA X E R R B SRR 2T H (XIEDU2021Y048), #7188 TRt B ah i 4

(2020xgy012302) 3% [ % By o
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