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Abstract: For many investors, it is very time-consuming to read financial and economic reports issued by
financial institutions, central banks and governments. This paper introduces the method that calculates an
economic sentiment index from texts in a financial report by using the machine learning technique. The
index can assist investors in interpreting the overall opinion presented in a financial news article or report.
The model is investigated with long short-term memory networks (LSTM) by learning the relations be-
tween sentences and economic sentiments in the Japanese Economic Watcher Survey data. To evaluate ef-
fectiveness, we calculated the indices of the monthly economic reports issued by the Bank of Japan and
the Government of Japan and confirmed that these indices have positive and significant correlation with
the Japanese stock index (Nikkei 225). The proposed method in this paper is applicable to various econom-
ic text, and for example, the indicators of SNS and regional economic reports have already been published.
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Fig. 1 Procedure for calculating the report sentiment indicator.
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Table 1 Number of responses to the economic watcher survey.
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& L7278 05 e,

— BLSTM : Bidirectional LSTM & 77 )V, SCHH|ZEE
HEEDND HEHEICLSTM L ) ERiE L s h
5.

— TF-IDF : 7 F A ML % HEFED TF-IDF fif % FF
MEL LoV ATy 7R (24H) T3 8E
mUE (&) 7V, FFI2d 12 EAL 2 4. 75
% ZRE L nR— 25 A Y ETNE L CHESE.

3.24 EFIOFBEHZE

WETNOETIVHET—F D 90% 28T —%, 10%

RTANT—=F L LTI VT RIGEL, TANT—50

BEZFHILTwa, T/ EFVONAI8—I8F A —

F—DF 2=V TEFEET— I OFNPLE5I2T7 V5 A

1210% A AL T — & & LCHE L TiTo 7z 789 X —

¥ =T LB — v ERR L THGET — ¥ OB

N BT OMEE A7z RO Wt 250, Ny F

A XL 50, TRy 7 HiE3, Koy 7 7Y bEo3, &

WAL F L Adam (FE £ 0.001) [36) TH D, BT —

A RERKTH20 T (1) 5720, £ 71—

va IR K 1 TRREE 2 5.

3.2.5 ETFIVIEE DR

K2R LAEFVIEEICOWTHTT . £yl

Mz "LSTM", “BLSTM’, “TF-IDF" OiftE%n

RLTWS, BOFHROT )G "2 13 2E58HTE

T, CEUET O REIFEFIVEFNRENES. CHIR 3H

WRHBOTF— & THEBELIZETFIN, “SBITE ZETEH
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®2 RAtYF AL MEEHEO L.
Table 2 Accuracy/RMSE of sentiment model.

LSTM BLSTM TF-IDF
2 fiE (BRIK) 0.930 0.928 0.859
2 fE (ST %) 0.939 0.946 0.869
2 fE (BUIK - B17%)  0.940 0.947 0.878

mWE (BUR - e17%)  0.588 0.583 0.732
1) R OBER 2 ETIRIEER, FFTIE RMSE 2£73. K53
IEELTIIRAME. RMSE TldR/MEZRT.

W7 — % THEBLZETIN, “BlK- BTE IWEE
PrECFEHL-ETVERT. 72, RPOKHEIT "2
E CIRIEAF %, "HE CTIFEYEREOFEHIE
(Root Mean Squared Error, RMSE) #/RL CT\W5. &b,
FHRTF—yLREULL, /K ETVOTANT—-5 1T
BIRT 7EFALMOAK, EATE ETVOTANT—FIE
YEITET TXFALOAL, CBUR - BTET ETFVOT AL
F=&E BT FERANE BTET TERA R
T—5Thb.

FFHIHFMICET L L, wIhoy 2 7R (214
mE), #ET—5 BIR/ATE /IR - BT 18Bw
T3 LSTM Z 7213 BLSTM D ¥ FE A TF-IDF IR TH
{ otz 2MH43E CTld BLSTM 8 95% T WIEA =R &
Z %, TF-IDF (X 88% TH V), &=L TF-IDF T 1%
PllEZoTwWad, 24Ut TF-IDF TIRRFBEIEEHR b
Lz, 1o ZIE "E LRV, B b EIZEL
W EWVo R BERBIC L AR 20 b E & I
WEHECE 2Vt EZONE. ZOHENS, FA
vk v Fx—lET-F EHWRAE Y F A Y bOHEE
TlX, LSTM ® & 9 %iEEE ZE L2 ET M Lx w5
CEMEETHDLEEZONS. LSTM & BLSTM % [t
By ne, “2fF IR DAL TIZ BLSTM OFEEE A E
ThoTBY, BImh» s T F A M% AT 5 Bidirectional
LSTM (2 E—E DR ERAH SN L. BIR & BT &
WL CRRMEFEOIEERICRKE REIALNT, b HE
AEVOEWHE = g Tz Bk - BT &" Tho
7o, CTHNEMEZIEDL L THEEFT—y N L7720
ERDbND. ZOREPS, RF—F 2L TIEAAFED
HUREH - & BHoERI L2 v F A 2 MHIIET
VDT 2 —= T OLEMRITHNEEZ NS,

3.2.6 EFIDLEEROER

C CTIEERDE S 7 2 i HE T VOHEEMED S, B
L7z (B)LSTM ET7TIVOR e EE T 5. b, il
bTAMNT=FIZEENEY T VTH S,

% 3 X TF-IDF €7V CiR% L7-% » 7 )V % BLSTM
ETNVHEEREDMRVIEICERTRRLZLDTH S,
No.l~3 XL T NUH 1 (R /RREW) O » T,
Nod~6 (ZIEM T XA 0 (Ev/2LBEn) o> 7)1
TH5.
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#3 BLSTM TIE#4 L, TF-IDF CHi&L7-7* A b,
Table 3 Text answered correctly by the BLSTM and incorrectly by the TF-IDF.

No. | IEf# | BLSTM | TF-IDF | HIWEH (7% 2 1)
1 1 0.9997 0.1035 | L RZERIELLNARVDT, ZOFFREL KRB HANHET,
HAAKREKOWEIELBEVTET, TORMTREEDPDP LT OR->TETWS,
2 1 0.9997 0.3892 | il 12 HIQEHE D RWEDAREDD &, SHEEIENLIEHRTDH %,
T FUEAPBIAHIREL L2 WIR D . BWHHICED S,
3 1 0.9994 0.2438 | BUEIZREAENS, FHRE» 5T 2 LERFERICERZTIB L R 3 HATHE T %,
4 0 0.0011 0.5146 | FEHOHEFTANCR 270, T—F—DEWEIIILEE 5,
5 0 0.0009 0.6289 | HEIEIDLRELHAREL Lo TIRL VA, R RWMRA RO 5720,
6 0 0.0009 0.5226 | SHMPRTES70, KITXE, HIFEGATEID 205 H LHARZ 2B L5,
£ 4 BLSTM T4 L, TF-IDF CIEALATFA L.
Table 4 Text answered correctly by the TF-IDF and incorrectly by the BLSTM.
No. | IEf#g | BLSTM | TF-IDF | HIWHH (7% 2 1)
n 1 0.0039 0.5812 ZAZARLA BoRFIER S, HEGD 2 3 HHTWED, BTEFXS—DOTH S,
X512, HEOBROHIRITMEEOREDS Zhr 5HTL 5,
) L 0.0057 0.7108 FEERBETZEHEZH/L TV ED, av—¥(aR»EREEZO T, FEEN73

EHEREIZL TWRWN,

FTTIEFEEZHZAL TV HETIER Y,

3 1 0.0168 0.6976

HEBUERUZANT T, BRIAARRR TSNS D00, FENZFREEIZRAD RN,

0.9992 0.3706

Mb7z zah—HhErE T T2 RAATH 2720, ZOFEEKENERT 2 21X
EZTWRY, KENRZE /NS T 2018 EHRA L, = alScohfiiiEo s,
IRFeEIE D HNL > TETW3,

0.9978 0.4713

BICHNC A 225, BRRICHE T T 2 AN HICHICEL o TWa,

0.9564 0.2497

BRBIISH D AHTEFR ED D 2 NP L 72

No.l-3 IEERERY T4 TIR-AZTWETFANTH
BH, wIhdh B RS, REL, TREASEVT o
AIHTF A THEBRPEEIN TS, TR IR STRIC
HHT2ERI T A T LETHLILIIHLNLTHS
25, BoW |2 & o TXDW&EDJKbN S TF-IDF £ TiE 2
D L) BEBNEOEES VT LEOFFMITEH L e E 2 5
A, —F7T, FBIAREES A BLSTM €7 )V CTILIEL W
HEMGRPBEON TN L,

Nod~6 IZERE AT T 4 TIRZTVWETFANTH
L5, WERIC B, P LRENRECT, “SHPET
ED" ORI T4 THERTHbDLNS Z LB WEHN
FENTVE, ZODREHRLROEZESEZLTH D,
No.1~3 & [@#12, TF-IDF TOEEHA8E L < BLSTM T
WFIEBICES 7RSI NS, £72, No3 & Nobldwg
NAIBEORFUTE N (BWv) & 95—K7T, BPEICHR
ELTABOFRENRL s (Bl b)) LT n5
(B)LSTM Tl&, ZD X9 %ty 7 v ZADH%E TR H
52 ENLVHAREOR A LIHR, BEdstE
HMLCERICESEEZONL. Lt 5, LSTM €
TN TT =& 55 HEIICEEIERL SR E 18 L - mAt v
FRY MEENFETELETRS.

WIZ, FT413$ 3 & 2 TF-IDF TIE4 L, BLSTM
TMBELEY Y 7TV TH A Nol~3ILIEfMT NIUH1
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ABLSTM CTRIEFICRY 74 7HiHIE o Tn5b. 2
nE EERICET L) RBPFETETBLY,

TCH" L) KU T 4 TR sk SN2 70 L HES

ENs. BEITEY v ERBIEFEE T 41235 M
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Fig. 2 Time series of the report sentiment indictors.
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x5 JREMEOMBIREL

Table 5 Correlation coefficients between indices.

Idx°9V  1dxB9/ TAN WAT N225
IdxGoV - 0.901 0.821 0.843  0.387
IdxBo7 - 0.822 0.782 0.476
TAN D.I. - 0.740  0.294
WAT D.I. - 0.464
N225

®6 IREMHOMBRED ¢ fii.

Table 6 T-values of correlation coefficients between indices.

IdxG°V  1dxB°/ TAN WAT N225
Idx&oV - 30.4 21.1 229 6.1
IdxBe7 - 21.1 184 7.9
TAN D.I. - 15.1 4.5
WAT D.I - 7.7
N225 -

KR T v r— NREDPSHONTWAE I EEEZ D
&, FEFIKa R P THEMTRAZRIERO BRI ZNZT
TREVWEEZEZOND., E5(2, HEIREL L COFHT
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T—= 8 /LT A 2T, EBRICEEREHRE LTEHAT
LMD H BT ERRIEL TWVA,
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EEfbT 5 FEIIHA BHSEENAINTNE, 22T
e LT 2ol xBTS 5.
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EFETHE SN, FROFMIE 21 TAREIN TV,
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