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Abstract

This project aims at investigating whether or not the survey data could help
us to improve the performance of nowcasting the GDP growth and to
identify the turning points of business cycles in Taiwan. Among 59 series
of survey data, we select the variables which are highly correlated with
leading indicator (L1) and coincident indicator (Cl), and then we construct
the so-called common factor of survey data by using the principal
component analysis. Granger causality tests indicate that the LI granger-
causes the common factor of survey data, and the common factor of survey
data granger-causes the Cl. After establishing the mixed-data sampling
(MIDAS) model, the common factor of survey data beats the LI and CI
while nowcasting the GDP growth. Besides, we also establish the dynamic
probit model for predicting the probability of construction, and we find that
the common factor of survey data can help LI to increase the correct
probability of capturing the construction. Combined with the optimal
threshold (of construction probability) which induced from the analysis of
confusion matrix, we find that there might be a construction period from
August to December in 2018, and Taiwan’s economy is in a moderate

expansion period after January in 2019.
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TERIBY WK E AR TTR

Diebold (2007) Elements of Forecasting:
&) FERIIZHY (Forecast object)

IEREN (Loss function)

&) 7SRRI (Forecast statement)
FERIHAR (Forecast horizon)
D) AASES (Information set)

KISS REI

FRLE (BUERBIEERR) NDC108058 Z5ttHs% # AR 2020.1.16 5/ 86
BIZRY (F bj
FEORIAZRY (Forecast object

@ Event outcome forecasts

(e.g. ERXRITEHOMBRETAESR 29, AIEIEEMRIRHTERT? )

@ Event timing forecasts
(e.g. E—KHRRBERESESK?)

@ Time series forecasts

(e.g. RIBELER, 2020 EEEITERERIEAA?)

Reference:Diebold (2007).
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IBK N (Loss function)

@ For every decision-marking problem, there is an associated loss structure;
for each decision/outcome pair, there is an associated loss.

B We may think of zero loss as associated with correct decision and positive
loss as associated with the incorrect decision.

Let y denote a series, and y its forecast.

The corresponding forecast error e .=y — y.
The loss function: L(e) satisfies three conditions:

L(0)=0
L(e) is continuous
L(e) is increasing on each side of the origin

Reference:Diebold (2007).

FTE) (BUAABIEEER) NDC108058 EEHi5e A%k 2020.1.16 7/ 86

Symmetric Loss Functions

@ Quadratic loss function
L(e) = €2

1.0
0.8

0.6 -

Loss

0.4

0.2

oL —1r L I i
—1.5 -=1.0 —0.b 0.0 0.5 1.0 1.5
Error
Reference:Diebold (2007).
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Symmetric Loss Functions

B Absolute loss function

L(e) = le|

TN /
0.8 |-
0.6

Z

—
0.4+
0.2 !_
0.0 — . )
—-1.5 =1.0 —0.5 0.0 0.5 1.0 1.5

Error
Reference:Diebold (2007).
FRLE) (BEXRBIEBRR) NDC108058 Z5EtH5% HAEFIHR 2020.1.16 9/ 86

FRAIBEARITR

Asymmetric Loss

B L[(e)=gql(e >0)+(1—-qg)l(e <0)

08

0.6 -

Loss

0.4

0.2

0.0 ; L - S T I —
—-1.5 -1.0 =0.5 0.0 0.5 1.0 1.5
Error

Reference:Diebold (2007).
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Direction-of-change forecast

@ A direction-of-change forecast takes one of two values—up or down.
The loss function associated with a direction of change forecast might be

)= { 0 if sign(Ay) = sign(Ay)
1 if sign(Ay) # sign(Ay)

& If you predict the direction of change correctly, you incur no loss; but if
your prediction is wrong, you're penalized.

Reference:Diebold (2007).

FLH (BEABEESR) NDC108058 Zsti5c &5k 2020.1.16 11 / 86

TERIPR L (Forecast statement)

25788 (Point forecast): 0
® a single number
B eg 2020 FEEBEBENRER 2.6%

B A good point forecast provides a simple and easily digested guide to the
future of a time series.

B Random and unpredictable “shocks” affect all of the series that we
forecast.
= non-zero forecast errors are expected.

B We may want to know how much uncertainty is associated with a

particular point forecast.
. |

Reference:Diebold (2007).
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¥8)8IPER M (Forecast statement)

& F8A (Interval forecast): \

B a range of numbers (into which the future value can be expected to fall a
certain percentage of the time

B eg 2020 FEEEEMRER 2.6%,
00% FERIE™A [2.0%, 3.0%]

B The length(size) of the intervals conveys information regarding forecast
uncertainty.

@ Interval forecasts convey more information than point forecast.
v
N A

DBCFEAI (Density forecast): )

B an entire probability distribution for the future value

B eg 2020 EFEEEBHRRERRBL 2.52% ST, MIZEZEZR 1% ERE
ANy
: a
Reference:Diebold (2007).
FRLE (BUERBISERR) NDC108058 Z&EiHFT HAE iR 2020.1.16 13/ 86

FRAIBEARITR

TERIPR L (Forecast statement)

B Point forecasts are the most commonly used forecasts in practice, interval
forecasts are a rather distant second, and density forecasts are rarely
made.

B Why?

BTE (BAABIEESR) NDC108058 E5tHi5e HE i 2020.1.16 14 / 86




FRAIBNEARTTHR

FE)RIHARS: 4-step-ahead point forecast

Series or
forecast

In-sample historical data Out-of-sample forecast

' i b [ : ’ Time

I 2 -1 T T+1 T+2 T+3 T+4
Reference:Diebold (2007).
L8 (WEARBIEESER) NDC108058 Z5tHi7E HEI#R 2020.1.16 15 / 86
FRAIBEARITR
N : "
FE)RIHAR: 4-step-ahead extrapolation
point forecast
Series or
forecast
In-sample historical data | Out-of-sample forecast
° [ ]
L]
L]
S| S| s _|—4____ - Tlme
1 2 T-1 T T+1 T+2 T+3 T+4

Reference:Diebold (2007).
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i

PN

dl
A

BN B85 (Nowcasting) vs. F8ifll ( Forecasting )

BITHIRN HITHER BHIEHX
BTN EDRSER  EDISTER 201942 =
(h=2) (h=1) (h=0) FHBEAMBIFTEBERRE

! : ! | l : :
18 28 38 48 5H 68
.=
(33

201941 =

NATIONAL ENGC RS

S
>

REE) (HAABIEERR) NDC108058 ZFEHE KAl 2020116 17/ 86
S2ES (Information set)
Any forecast we produce is conditional on the information used to produce it,
whether explicitly or implicitly.
Qe = {Xe, Xe—1, o0, Yo, Yo, Yeeo, Yeos, .. 20, 20 ZH L )
‘ JJ
Hard data (quantitative data): )
@ direct measures of economic activity
B eg XEXR EENKE BRR. ZESKRE, 2BINERZEEH. @
B5151R. PRCiER. KRB, %ﬁ%ﬂlﬁi‘%%ﬁ%?g’f? (B3bt). EETRIER
BE (BABEIZR)
‘ JJ
Soft data (qualitative data): )
B qualitative assessments reflecting sentiment and/or expectations
B eg SERSERBREEALEY (BHS - PiEkt). HESBWEH (PR
KB). BREBBIVER (BRTR). HEHRFESNE
d
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FRAIBNEARTTHR

SNE2ES (Information set)

Any forecast we produce is conditional on the information used to produce it,

whether explicitly or implicitly.

Qe = {Xe, Xee1, oo, Yo, Yeo1, Yoo, Yeos, o, 20 20 L ZH L)

§
High-Frequency data:

d

B BER: BE. EX RE ROBERS

B BER: TELEEH SE2REXRBIKEAEH (BHE - PiEk). HE

ZENEY (PRAS). BREESNEN (BRSD) =

: Y

Low-Frequency data: )
B 5K EEMKRE and/or expectations
B TER: RETEMUME, PTEIE

; 4
REE (HAABERER) NDC108058 Z5EHI% B 2020116 19 / 86

FRAIBEARITR

KISS IREl

KISS
Keep It Sophisticatedly Simple.

-

L\._

@ Simple, parsimonious models tend to be best for out-of-sample
forecasting in business, finance, and economics.

RLE (BUBABIESR) NDC108058 Z5tiH5E H AR 2020.1.16
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McKenzie, R. and M., Gamba, “Data and metadata requirements for building a
real-time database to perform revisions analysis” Contribution to the
OECD/Eurostat Task Force on “Performing Revisions Analysis for Sub-Annual
Economic Statistics" .

Revisions )
Revisions can be broadly defined as a change in value for any reference point of
the time series for a statistic when released to the public by an official national
or supranational statistical agency.
Revisions can occur either when new observations (e.g. one additional month or
quarter) become available and some past values are modified, or when the
current and (possibly) some past values are modified in an updated release of
the current time series. )
L ‘4
FTE (RAABCESR) NDC108058 ZEHR HE ik 2020.1.16 21/ 86
FERIMEA TR
-
FRBEHZLA2)
e - - HEx| &
R S AGDP AGNI
cland ¥ ¥ Wi |
yoy saar saqr P B e | w . | EIFE|EAFE
0 | o | ©p |FEER| F [ HEHR] KL |0 | (9
1074 2.75 — — 777,898 25,792 795,489 26,376 1.35 3.63
;ﬁ]i 3.23 4.30 1.06 190,506 6,498 200,172 6,825 1.55 -0.12
;ﬁzi 3.40 1.04 0.26 189,697 6,370 193,114 6,484 1.72 4.90
%3? 2.47 0.74 0.18 194,773 6,349 192,702 6,280 1.67 6.70
;754$ 1.97 3.29 0.81 202,922 6,575 209,501 6,787 0.46 3.14
108.#‘_(1) 2.64 — — 802,151 25,932 823,369 26,620 0.55 -2.15
’;ﬁ]i 1.84 2.22 0.55 193,793 6,286 201,983 6,551 0.33 0.70
%2?[‘51] 2.60 3.53 0.87 195,177 6,266 201,544 6,470 0.81 -0.58
;ﬁ’ji(p) 2.99 2.42 0.60 202,440 6,486 200,844 6,435 0.41 -3.97
%4?&) 3.04 5.51 1.35 210,741 6,894 218,998 7,164 0.65 -4.62
109$(f) 2.72 — — 832,849 27,298 857,728 28,113 0.71 -2.38
ﬁli(f) 3.02 0.52 0.13 202,377 6,633 211,801 6,942 0.81 -2.92
%2?@) 2.85 2.38 0.59 203,127 6,658 209,750 6,875 0.37 -4.32
%3?(1) 2.65 2.19 0.54 209,627 6,871 209,212 6,857 0.69 -2.36
%4$(f) 2.38 5.20 1.28 217,718 7,136 226,965 7,439 0.96 0.18

WA L (p)ERaF s DRTARS -
2. saqr(seasonally adjusted quarterly rate) % 2= & 38 %544 ¥+ F 3% ho % | saar(seasonally adjusted annualized rate) % 2 & 38
Bk 0 HEFHEHRFF | yoy(year on year) A ¥ EF(F F) ALK -
31085 F2F () AAT R F 8 F A LIRS FE ELEREASE -

RLE) (BUBKRBIEBER) NDC108058 Z5tiH5E H AR 2020.1.16 22 / 86
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Vintage(BF 1D ER) )

For a given time series we define vintage as the set of data (sequence of values)

that represented the latest estimate for each reference point in the time series at

a particular moment in time.

3 u
.

Real time database

A real-time database is a collection of historical vintages of the same time
series, catalogued and indexed by the date on which each vintage became
available to the public. As such, the revision to a given reference point for a
time series can be identified in a real-time database as the change in value from
an earlier vintage of estimates to a later vintage.

[

RTE) (BAABIDESR) NDC108058 Z5EH% HA 2020116 23/ 86
BRAINEL TR
Form of a real-time database )
A real-time database is defined as a two dimensional array, with vintage
identified in the columns and reference points for the time series as the rows.
<
4
100 101 102 103
1 IT 111 IV 1 IT 111 IV 1 IT 111 IV 1 I 111 IV
98 12477182 12477182 12477182 12481093 12481093 12481093
1 2085862 2983862 2085802 2097019 2997919 2907319
I1 2073025 2973023 2073025 2086363 2980353 2986363
1II 3153337 3153537 3153537 3146368 3146368 3146568
w 3364758 3364753 3364758 3350243 3350243 3350243
99 13614415 13603477 13603477 13614221 13614221 13614221 13614221 13552099 13552099 13552099
1 3279134 3270134 3279134 3281493 3281493 3281493 3281403 3290585 3200585 3200585
I1 3302425 3303425 3303425 3334540 3334340 3334540 3334540 3324340 3324540 3324540
1II 3483803 3483803 3483803 3504031 3504681 3504681 3304081 3467135 3407133 3467135
w 3548053 3537115 3537115 3493507 3403307 3403507 3493507 3460830 3460830 3460839
100 14085349 14063962 13914925 13826515 13757046 13745010 13745010 13674346 13674346 13674346 13674346 13709074 13709074 13709074
1 3362351 3395561 3379902 3380205 3336205 3380205 3380200 3412302 3412302 3412302 3412302 3424243 3424243 3424243
I1 3373225 3360152 3352688 3330876 33308706 3336870 33308V0 3304771 3304771 3304771 3304771 3316418 3316418 3316413
III 3614258 35B1¥32Z 3504848 3513016 3516700 3516700 3518700 3474008 3474008 3474908 3474008 3484026 3484020 3484026
w 3735315 3726517 3677307 3530518 3517265 3505220 3505220 3432365 3482365 34823065 3482360 3484387 3484387 3484337
101 14475432 14370646 14311548 14179621 14034933 14027134 14036874 14042125 14042125 14077099 14077099 14077099 14077099 14686917
1 3498470 3449050 3427921 3398845 3404525 3437309 3437399 3437399 3437300 3435017 3433017 3435917 3435917 3589361
I1 3472733 3448087 34504357 3300304 3372008 3302004 3302004 3302004 3362004 3377460 3377400 3377460 3377460 3533329
1II 3674100 3678013 3674023 3060613 3578372 3578006 3563121 3563121 3363121 3592626 3002620 3502626 3592026 3V60640
w 3330120 3704506 3750147 3753854 3670038 3640065 3673600 3678041 3678941 3671096 3671006 3671006 3671006 3VTTLET
102 14428309 14427161 14472132 14417134 14384875 14479882 14564242 14560560 14560560 15221201
1 337758 3542870 3586534 3530001 3517208 3331731 3531731 3531731 3331731 3676446
I1 3MEBT3 3440806 3464174 3425803 3470230 3540563 3540363 3340363 3540563 3709075
1II 3662838 3570071 3679337 3657506 3630007 3692183 3070037 3679037 3679037 3838330
w 3741040 3773324 3TG2087 33036390 3766431 3715300 3312011 3500220 3300220 3977300
103 14771415 14787347 15030489 15063846 15130194 15971753
1 3605670 3615070 3078693 36740680 3678500 3848723
I1 3579226 3614384 3631196 3630919 3683462 3917365
il 3730596 3750409 3707435 3806397 3822778 4063830
w 3355014 3307484 3023165 3031650 3043445 4139815
104 15676210 16480057
1 3798020 3962146
I1 3317100 4053384
1II 3982502 4186909
w 4073480 4277618
<4
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FERIHE RN
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5 L 4.72
4 L
3 | 2.75 2.64 2.72
2 L
1 L
0 1 1 I 1 I 1 1 )
100 101 102 103 104 105 106 107 108 109 #
® ®
. a
BRIRIR: 1T FETHRER
B RANEGE vs. RANTEA
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S = /s S
RSN E =
= REEBERIERE )
R=) \A/t REE t HIRERNE, Y, /FE t BB ERRIE. Y;: — \A/t 7 t HABUTBHIER =,

T 1/2
RMSE = ?;(Yt— Y| o,

;
1
MAE:7Z|Yt—Yt\,
t=1
1 <Y, — Y
MRAE = — ‘t el
T2y,
0 “d
GRS M AR R \

B ARECHEE
B FRRIRAIHYER RE A HE SR
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EOBMERMEENARES? )
B FIREMERAEER [&E]?

B BEEEERHEMN [HRRI?

B FBRRHASHEIZHEIREIRSEM IS0 FRARE?
) B EEENEEH? ))
EOEMABSHARES? )

B WOEERAAEEARTARARILD? BEMA? BEMA?

B WOk BRAR] 8 [#ATE] e

B WOBMER REEEX] WERN?
WARRKEBRFLIEDERBBEXFTPAR (EEBIBHE)?
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SR E B FRRIEE

TEORIRBURY i2 15

1BREREL (Correlation coefficients)
B #RMEEEFHEE (Linear regression models)

B FERIRE (Time series models) — BEEFEEL (Autoregressive
model, AR)

B [HE®EF | %8 (Common Factor Models)
B [E&%EX | 88 (Mixed-data sampling, MIDAS)
B &5 [SXZ3RED] D47 (Text-Mining Analysis )
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BRI FREN

_ cov(X,Y)
a VvarXvvarY
1 N
1
5
0
BERIR:http: //en.wikipedia.org/wiki/
T A
BREREBE RS TEED?
RLR) (BOABERSR) NDC108058 Z5EHITE R 2020.1.16 29 /86
i BN RAEL
| N = = JT|
R EE R iR Al
Yi=a+bXe4u, t=12,...,T
,
20 10 10 20 30 a0 50 60 p = AY
AX
BRIR: http: //en.wikipedia.org/wiki/
- Y

S EMNALEBIFERIRES Y B, W0 Y7 ?
B 3t HiVREEY X, B3R HARESPIIE
Xe € Qo1 ={Yeo1, Yoo, Ye3, s Ze1, Zs—2, 243, ...}
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B E B R REE

B FHEY IS Al = 2R PRI R AL

B B OREIVRE

B BINETSAEETR RSB PTERA, WEETREE. DRAFTEAEBIFTAT.

RSB R PELSENR RS

B B MATHD ‘f“‘ B, ZRLESL BT R ERMR
B OB BRE: RAERER (misspecification), BRAFRE

(identification), EET (estlmation) RFE8 (forecasting)

B3E/E5 (Time Series) &£2): B#18E8 (Autoregressive) =AY,

AR(p) : Ye=a+¢o1Yic1+ @Yo+ A+ 0pYiop +Er

B B ’f;%ﬁéaﬁ &?@M@ﬁx%

FLH (BEABEESR) NDC108058 Zsti5c &5k 2020.1.16

SR E B FRRIEE

SHEMEBRE HISER R K8 RIEE

B)REFE —ARIIBHR AL (DSGE)

IO EBFBREIELL (Global Vector Autoregressive Model, GVAR)
REIEE | &8 (Mixed-data sampling, MIDAS)

e [XFREN] D7 (Text-Mining Analysis )

RLE (BUBASRIEESR NDC108058 Z5tiH5E H AR 2020.1.16

[fZEE12 ] (Diffusion Index).[ HERFEA ] (Common Factor Model)

31 /86

il

32/ 86



OEEERREBABEEZNT

52BN RETE R BB ENIT

B FT8). SOMARES (2005), [UBSISERRME 2 RECERED ], (E8EEEIRK
%), 36(1), 1-28.

B moE. 1) 2HEEESR (2011), SERREEACAGRSY |, GSERIET,
39(1), 1-44.

B #HFRETE (2012), [EECENRXBATSSKBEEPIHTEBIRARRIRSR ], (KTHER
X)), 40(3), 377-416.

B Zixiong Xie and Shih-Hsun Hsu (2016), " Time Varying Biases and the State of the
Economy” International Journal of Forecasting, 32(3), 716-725.

HE) (2019), [BRBEERERREBHRESE+HEL (825 SR TOHESEABNES
TAT |, (SEEEETRAIERER), 49(2), 85-119.
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BEEENKRERBREEEEN

IBslIs SR ER 2%%@ R YRR

B RESH: 31 E@FeMmBEEH, 32 BEBHEEE, LK 18 @5 EMEE
o

B ERHIE: 1988 &5 2 =X 2003 5% 2 T, 5 —B#HEE 61 EFER,

@ Stock and Watson (1998) & Ext&EY
1. B 81 BB PGEEHERIER
2. BARIRBEUSEEITTHISEMRIARK h BgVFERIRE

Xt :/\Ft+€t, (1)

p
yt+h:a0,h+26,{’th—i+et+h7 t:p+17°"7T_h7
i=0
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DIBEER AER < IR E R A

B BEEUSERUNFEAENBSHER AR &3,

B BEEUERRANFEAENREE SR CRENEBR GG A P
BYFEA,

B FESTEIRABLL, BEUSERL —SaEMZS eI PRI E5THRE I
BEZE, K== RIOUFANTEABRERESRE.
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EBIEERREIBABREER

= STiB AR HY I A TR EQJEEE

\

[1TEBM St RBRAISHESIABEESREWE
BREESSHREEVBHABEAUBR, UWERD BIRAGHRIFEEESE] BER
REo

ZEPRST O BT SARE
B 177572108 (simultaneous equations model):
51 RSN (24 IRERIIBR 27 IRTRIOELN)

B THENEXRVE: FBEES

FEHRE [RE | NIEBSEMt DN BRI R YER

B ERRNRELOIVERESSERERA
B MIRSREGREFBAENELES
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OEEERREBABEEZNT

SRR R 2 FEREH

2525780 )

MBENBES Qo1 BRBICRET, REHVETER (point forecast) BIFH
MLIE v}, 1 = Ele[Qe1]

BBy, =y, BRREWARSRTEEAL:

HO . E[et‘Qt_]_] =0

[~ %;@iﬁ;ﬂ”ﬂ%ﬁﬁ Ho H%, E[etzt] = 0, VZt € Qt_]_.

_ n
B z = €r—k, et_k
Bz, ="f_;

FTE) (BUAABIEEER) NDC108058 EEHi5e HEHI%k 2020.1.16 37 / 86

BEEENKRERBREEEEN

YEORI B TR EL

B FBRREMRE

Ho : E[et|Qt_]_] =0= E[etzt] = O,VZt € Qt—l
B8 H, 5, BYIstSRABH T SHIRENTRAIE

A % f
Yije—1 = Yeje—1 T+ Bz,

B Stock and Watson (1998, 2002) B)EEIfEIRIEEL:

A Kk 1 ,A
yt|t—1 T /6 ft—l-
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SEEERRERABEEZTF

SRR R 2 FEREH

) FEHREAEMN—FrIRAAEBSI IBENE | MAREFIIEBHER
MHERSH —EERBREIGHE, It BFRAIRE DRI EEIE R ER AN
Blo IR IIATRRIZRZ(ER BB BB R R BHREL,

B ERSCEANNREEENEANNERNENRE, HlEHIE e
BRIFSUSEEN, SRTEIMENGERR, B5—RIESISEERN
SRR SRR E T,

B EEEBENREGEE, BASHENNEEN. NRE, EERNEBRE
SHRETERIER N RIR.

B BMENEAEHEY ERBIBEE  BPOEAE |, NBE -1
BOTRRIERE e =y, — /|, TS S B EDEAE:

)A’t*+1|t + yt—i—l]t + 0.6596(y: — th|t—1)-
B XRBEENRIFTEHOIBAEIES, RSIZEBEFHREAAREDR
SZMIREEEN, EMATHT XL EREH RSXIRESEH. HEXT
X ZSEYEBREIARFBENSBHNAR.
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BB R RTBBBEEEH

572 Wtﬁﬁi%%?@ﬂﬂ?‘m‘ﬁ@aﬂpB’JT%ﬁﬁﬁ%ﬁ%@fﬁ%

-
10 4
TN A el
[ o R WA v
87 88 89 90 91 92 93 94 95 96 97 98 99 00 0 "J 03 04 05 06 07 08 '.‘9 10
5]
—EEE
- EEtE
-10 - === PASRT
(a)Times series patterns of GDP growth rates (y:), one-quarter-ahead forecast (ytf“_l)
8 u
.

= =St ERFRRISR = ;
= CPAE R FRORIER 2= =

=
=

| | |
a w = = w o ~ ©
L | | I 1 1 I I

(b)Times series patterns of forecast errors (et)
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ytf|t_h: FRRAIBES t — h =4 y, PTINEVFRRIE

e :ytf|t L~y (—=80) FBRIREERES

FR:;_1 := ytﬁt_1 — y[|t_2: £ t — 1 BABVFRRIZ LE (forecast revision)

B FR,1 >0 BRERAREBE t —2 T3 t — 1 ZERFPABRNIIBRR

W/&_’@]Eﬂzg/ﬁ/u

B FR1 <0: CERABE t —2 T3 t — 1 ZERFHPABRWNIIBRR
ﬁiﬁiﬂ%t—%’%/ﬁ/u\
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Amir and Ganzach (1998), and Ayashi (2001)

M1: € = ( + BFRI'—]. + Uq.
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a > 0 FRA BRI EBRLE,
a < 0 RFAE B FRRREEBIRATE.

B J> 0 ERARBHITARBRKREEE,
B < 0: IBRAKBHIABRENE.

Example

28
(a>0)
+ =
HISHERERE
(B <0 & FR_1 > 0)

ELERIE
(et < 0)
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EBIEERREIBABREER

HEEENREXBEBRIEEI 5% [EEE] B2 TH
S TRRABBIRG &N

B ESIRENRARREES GDP iRREZHNEEN 80%, EPSRREH
B R HIRVTEAIRE NS RIS B IR =R R,

B EEARAESHNZD (XZNE_EBR), TREHEEENRESRKRN
BRI —=EREERERIDNSE 20%.

B MREENMRMERENTREBQIGATIEE GDP siRXBHHEREZHER
g RRNRENTE (8 uHHR’EL%W%J‘H%EEH%EWG%%EHE 1.2%, M
FIEIRRIRIHARILHSE 0.5 %), HEIEE GDP BRXR (AIEEMNRKRR)
E’J%;E/EJBJER—L?FéfaﬁﬁﬁﬁTﬁ*ﬁEi’Jmﬁ1$§’§%‘i%
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Nowcasting and Mixed Frequency Modelling

By Massimiliano Marcellino (Bocconi University)

@ In real-time, the unbalancedness of datasets arises mainly due to two
features:

the different sampling frequency with which the indicators are
available

the "ragged-edge” problem, namely, publication delays of
indicators that cause missing values of some of the variables at the
end of the sample

B Example: one of the key indicators of macroeconomic activity, the Gross
Domestic Product (GDP), is released quarterly and with considerable
publication lag, while a range of leading and coincident indicators is
available more timely, and at a monthly or even higher frequency.
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Two common solutions:

By Massimiliano Marcellino (Bocconi University)

Temporally aggregate all data to same (low) frequency by computing
sums or averages or by taking the last high frequency obs in each low
frequency period (point-in-time or stock sampling)

B Loss of efficiency
B Loss of specific econometric features such as Granger non-causality
B Loss of identification of structural parameters

B Temporally interpolate all data to the same (high) frequency. Various
methods are available, such as Chow-Lin, Denton, splines, etc.

@ Generation of measurement errors

® Possible collinerarity problems

Lack of theoretical correspondence between disaggregated and
aggregated model
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Bridge Model

® y/: quarterly GDP growth

B x7: aggregating monthly IPI to get its quarterly version
Bridge Equation )

j
yi=a+ ) Bi(l)x]+e!
i=1

S

where 3;(L) = Boi + Biil + - - - + BpiLP are polynomials in the lag operator L.

G
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AR-MIDAS

Veen = Qo + Y=o aVi_q + BW (LYV™0) xf! + ¢/,

Hoh . ¢ BEESE HE’JEHF'Eﬂ%ﬁZ Ht=1,..,T; mRABEBEBENAN

BEARALBEORY ; yf RIEESY ; X AEEEY
)l = LMl H (t—k/m) FonESE t 2RI k HIR
S %ME-Ek=0,1,2...’LE\U%H%FEﬁFT?ﬁWfE RS LB

70 (lag operator) - =& - w (LY™;0) =YK w (k;0) LmH
W (1;0) =YK owk;0) =18 - Lx, =x,
By

L
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AR-Factor MIDASTE HIfE T

~ L’
Vien = Qo + Y=o XaYi—q + BW (LV/™;0) F, + £t+fh.

AP FARFBERRERENHEERET -
MIDASIEEUh gy 2 8 S 1B B IF AR 14 &)\ 7375 ( Nonlinear Least Squares, NLS ) IO -

MmEst It ZEEEROREAEIEE -

NATI

aiﬁ‘?i;
,»’.
ONAL CHENGCHI UNIVERSITY
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Almon Polynomial Lag )
K
W(LY™0) = w(k; O)LK/™
k=0
w(k;0) =14 (01k) + - + (0,k)9
B d
Exponential Almon Lag )
K
W(LY™0) =" wik; o)L /™
k=0
Ok + -+ 0-k®
w(k; 0) = — POkt OkT)
Y1 exp(brk + - -+ 0qkQ)
S i

This function is quite flexible and can take various shapes with only a few
parameters; @ = 2 in this project.
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[ HEIRF1&EH |(Common Factor Model)

Common Factor Model )

Xit = MjiFie + MoiFor + -+ NiFe + €it
= A:Ft +€,’t,

B )\ rx1B0ERFEH (factor loading) BE (BE t )

B F: rx1HBRFTEE (TR | MR)

B F, 89— (EET: =D DA (Principal Compnents Analysis, PCA)
B fRFE®LL EM (Expectation-Maximization) Algorithm 317
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SEERERRREFZE#E

¢ 2%EStock and Watson (2002 ) Fri2 H ZEMEELIEHRER -
OESOEMIEEISIhBETHE - HESHEHEEIINEESZKXES

EEEE (ARFAAKREBIEEZARYL )
P18 4E 5 R R SRR R BB B >0.5

EREE (REESZHEY)
* MEFAMEBSIAS :
* HERF6 : AMEHBBB0.6IAS - H19ELH
RIRFS : MR BIBIB0.5MMS - H35ELY ”
CAERBERFTERZEA - FIBEMEEEHEMR RIS - P é“xi‘@
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BB PRI B2 5
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ERFEEHRRRAF (f5-16) Z7E

S ERFMAERITEL - BRREHRER FLUOREE
S HRIRETFES>0 . BRAEERAHES ; XREFRFI<0 : ERBLHEE
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B4-2 : BBRSHERT (5) 2ESH §4-3 : BEBAEARERET (f6) 2@& -1,;@

EROE : ER S A AT RE

L
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BN6s5 ¥R R 2R SAAR AU

2 =5 =1 g,
@%Hﬁé/ \E.I VaN ?EZK%;EH-I-#?I ri
B AERAR TR NREE S ESHNRET S B
o HEEFIEHBIRIE 16551 @210
1 2001E58~108 | SREERRNEESAK(E - ZHIIRBRES - BARESRRETY
> 2008ESAE2009F4 : ZEEMENKSEEA - BRERSTTE
S EEREERRESRE - HARTISENALNERS - flNEl1~48 A RIB1.65EiEEE
1. 2004E§Fs‘1§@%2§”“1§5§F$ﬁ5ﬂﬁ6 47%E19.99%
. HERE ARR % BT BN
BigESE HEE . #iE AR(1) -
e T T
-0.52 4.84 0.78 0.49 0.00 0.00 0.92 9.55 i )
f6 -0.70 6.43 0.74 0.44 0.00 0.00 0.93 8.31 ;a é
|
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i 3] 5 E—né—
BB TR BRI 28
42000 F BB RENE S HEAEA (in-sample ) B#RAS ( out-of-sample )
BB -
- AW 2000Q01~2016Q3 ; A& 1 2016Q4~2019Q1 -
O FEEHRAETE (recursive ) WA NETIERAINERB AL ETEIFER . £%&Guérin and
Marcellino ( 2013 ) B9 T 2248 -
CTEREEAAE R=0FE h=5" H£E6EAFERNRFE HEb h=0FEh=2BHEZ "A]
B5TE8l, - h=3ZF h=>58I%A "45GHATERI, -
CEFEARRGIPIRESECERERES AL - i _
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BB P RIEDR
I
ED H-: %E /,EIJ %E IEIJ =} x tl.':
OIRAREHEAIR (RMSE) MBEAINERRITAGIEE -
c ISRELABEEEREANEARE®E (benchmark)fE -
- & THEERMSE ; KAR1IFBRFEARIDER SR ELETED ; & "HHHRMSE , NWR1IRRE
AIRINEBRESRBASLIEEER .
O ERFTEMIDASTEAER A IEE S EEE - RiEESER .
- EIFIETR ; HIEEHEHIEH , B2REBHRERF(5 - 6) ; BB R+HEREFIS ; EEER
+HEHFf6 -
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1
I RRBSLETREE ZHERMSE
HE =R BLEITEE ;
h 0 1 2 3
=RERER 1.23 1.38 152 1.58
SR EREH 1.72 1.59 1.33 171
B FEHBEFS 0.89 0.88 1.14 1.24
B BEHEHEF6 0.88 0.88 1.10 116
BEIEE+HRB A F5 1.04 1.03 1.02 0.97
B EE+ EEREFf6 101 101 101 101
1. HBAFRESKRELEERE ZHHRMSENRL - FHRABMGH IR R2016FE84FE2019F81F -
2. xR gRx R RDiebold-Mariano@ EFAET EE 1% « 5%FL0%MKE FEEZE - i%
>y
FRLE (BUERBIEERR) NDC108058 Z5ttHs% # AR 2020.1.16 59 / 86

BENSRBERABE
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B STeusts (2001), MEERSENSREE: STRSRESTIEREG N B ENER],
«A;zmr;wa%m,m(s), 515-540.

B BEERsiEs (20060),  5E2EBEEARSETEENRIOREELED ], ((KERX),
34(1), 41-91.
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B8 HoXERKRil

p
Yt = O, + ZAj)/t—p + €4,
j=1

Hoh y, 5 2 @82 (GDP B HZAY) FERNOE, o, SHHESE s | 5T
BB 2 HEE, ¢ ~ (0,T).
IREEEE s, B01T R DR ARSI AT R E

p= P(st =0|s;_1 =0), g= P(st =1|s;_1 =1).
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Harding and Pagan(2002) &7 2538 E

SR RAEHREREFI5Rf6 ZRRERRELR
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Probit Model

Unobserved latent variable: y; = Z.T" + u,.
@ Observed dependent variable: Ry =1 if y; > 0; otherwise, Ry = 0.
@ PR =1Z.,T)=P(y; >0)= P(Z,T +u, >0)=1—- F(-Z.T).

B Probit model: F(-) = ®(-) the cdf of Gaussian random variable.

E[Rt|zt,:[‘] — ]. . P(Rt — 1‘21-,]:‘) + 0 . P(Rt — 0|Zt,r)

== P(Rt: 1|Zt,F)
= 1—F(-Z.T)=1— &(-Z.T)
— &(Z.T).
£ d
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Dynamic Probit &=l

i

RAIAR IR =R RIRAIREER

FIAENREProbit EEITERIR IR h BIRRREWHKR - $1REProbit HERIENRERES :

I_IAI

Prob(R;) = ®(c + B1Ri—p—r + Z?:h .8]' Xt—j)
R, . SREEERREBHZEREE ; R, =1 : RRERERREH
o) EBERSERE

X, : UEEEHBEIREBERNEERER
( RRFELER - ANEREBSEFAERRRE 556 )

RIEEZEE (g ) BASICERIBETHRE - h BTEAIEAR -
r BRERESLHACEEREEERTE - £2%Menden and Proano ( 2017 ) ;38 EA&6 °

L
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Dynamic Probit #&28l

.
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Dynamic Probit &2l

&8 FB P

& 2%ZMenden and Proano ( 2017 )

A B
True positive False positive
C D
False negative True negative

\

Predicted class

OT, : BUIGRE ; T, : BUlIGRE - P, : BUIGREBERER ; P, = BUIGREBRERKSE
°Ty=P(P; < Aj(h) =1) ; T, =P(P; > A|lj(h) = 0)
“Py=P(j(n)=1); P,=P(l;(h)=0)=1—-P,4
CEXREE : L(n) = ul P + (1 — WP, p e [0,1]
Cu BRREBHNBEIBENREAOEE - BRRBIEHRE - aié
B E RV R PIE(E A - BB/ EERREUREME AT D—

18

d
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Dynamic Probit &=l
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Dynamic Probit &2l

.
== R = V] Eh = — N=R3 _
SRERMABI2FAERERFZEAEHEME h=1

B BED BEBR
mu WG =i MGl == -2 Ml
SESEIEIE =B + 3 EEFf5 wIE +HEEFf6 I
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#H S 788 (Combined Forecasts)

If one forecast incorporates all the relevant information, nothing can be gained

by combining forecasts.

Forecast Encompassing Test:

to determine whether one forecast incorporates (or encompasses) all the
relevant information in competing forecasts. For two forecasts yf+h|t and

b . .
Yerhie consider the regression

_ a b
Yt+h = 5ayt+h|t + 5byt+h+t T Et4h|t-

If (62,08p) = (1,0), model a forecast-encompasses model b.
If (62, 08) = (0,1), model b forecast-encompasses model a.

@ For other (53,, 8p) values, neither model encompasses the other, and both
forecasts contain some useful information about y; 4.

d

%

Reference:Diebold (2007).
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Forecast Combination

@ Failure of each model’s forecasts to encompass other model’s forecasts
indicates that both models are misspecified and that there may be gains
from forecast combination.

How to Combine them?

b
ytc+h|t = wyf—l—h|t + (1 - w)yt+h|t'

@ Optimal-weighted combination

B Combination with weights inverse to their relative mean squared errors

(MSE)
B Equal-weighted combination
. a
Reference:Diebold (2007).
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