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Introduction



Motivation

Japanese Trade Balance and Nominal Yen/Dollar Exchange Rate

Jan. 2006 to Feb. 2018 Source: Website of the Bank of Japan, Ministry of Finance
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Motivation

Real Exports and Nominal Yen/Dollar Exchange Rate

0 2007-2012
Japanese yen: drastically appreciated.
Trade Balance: experienced trade deficit.

0 2012-2015
Japanese yen: rapidly depreciated.
Trade Balance: didn’t improve.

v After 2014, TB started to improve.
—Decrease of oll price.

Real Exports has not improved.

(Jan. 2000 to Feb. 2018: Real Exports 2010=100) Source: Website of the Bank of Japan,

Ministry of Finance
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Motivation

Half-Yearly Invoice Currency of Japanese Export
2000 H2 to 2017 H1

O 2007-2012
Japanese yen: drastically appreciated. — v USD Y emee- EUR
Trade Balance: experienced trade deficit. 100
90
0 2012-2015 80
Japanese yen: rapidly depreciated. 70
Trade Balance: didn’t improve. 60
v After 2014, TB started to improve. U T e
= Decrease of oil price. 40
30
Real Exports has not improved. 20
= Exporters use USD as an invoice currency 0 e e eeeamm
Invoice Currency: the influence of exchange 0
rate fluctuation on trade. & W SN
= Detail invoice currency data is not available & & &% o & oF & & Y F O
(especially industry/commodity). S R P R R I M P N

Source: Website of the Ministry of Finance 5



Contribution

* TIme-varying estimators of the share of invoicing currency
 Followed the method of estimation developed by Ito et al. (2016, 2018)
 Drastically different depending on industry / commodity

» Determinants of invoice currency share
 Constructed commodity-level explanatory variables from
Japanese export firms data.
d We assume Export Competitiveness has an impact on that determinants.



Analysis



Method of estimating invoice currency

* Time-Varying Parameter Model:
Observation Equation:

AIN(PE | PP),

yen

— .ﬁt yAln Eyen/$,t @ Aln Eyen/euro,t T &
State Equations:

b = P Vgt Yen invoicing share:
Ve =TVia TV Olt=1—,8t—]/t




BOJ Export Price Index 1

—2015 Base Price Data—

* Industry Classification of Export Price Index

Group

(7)

>

Subgroup
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>

Commodity
Class

(64)

|- “Transportation Equipment”
“Electric & Electronic Products”

>

Commodity

(209)

77.8% of
Japan’s Total Exports

“General Purpose, Production & Business Oriented Machinery”
“Chemicals”




* Industry Classification of Export Price Index
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BOJ Export Price Index 2

—2015 Base Price Data—

Subgroup

(38)

—

Commodity
Class

>

> | Commodity

l (64)

9 sectors

15 SeC’[OFS ‘
18 sectors

8 sectors

(209)

50 sectors
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Result of invoicing currency share

Weight U.S. Dollar Yen
Chemicals & Related Products (9.84) | 1995 2000 2005 2010 2015 2017| 1995 2000 2005 2010 2015 2017
Industrial inorganic chemicals (0.94) | 583 794 822 825 865 828| 334 261 176 173 143 190
Basic petrochemicals (0.95) na. 1025 1029 99.8 100.8 100.2 na. -20 -14 -12 0.0 24
Aliphatic intermediates (0.64) | 101.3 104.7 1022 100.2 100.6 1008| -09 -28 -40 -16 -04 2.8
Cyclic intermediates (1.91) | 98.7 102.7 103.6 1009 101.6 102.1 07 -24 -37 -16 -06 13
Plastic resins & materials (2.26) | 920 894 776 756 738 655| 118 95 181 233 287 36.3
Other industrial organic chemicals (0.55) | 958 98.0 915 89.7 520 653 15 3.2 88 106 40.1 302
Pharmaceutical products (0.74) | 19.0 149 68 158 242 210| 570 844 888 811 612 677
Other chemical products (1.85) | 148 284 299 316 308 350| 840 661 595 650 675 66.2
General Machinery (18.94) | 1995 2000 2005 2010 2015 2017| 1995 2000 2005 2010 2015 2017
Engines (1.07) 8.8 92 113 214 259 259| 909 887 69.2 452 510 533
Pumps & compressors (1.60) | 654 668 551 360 283 264| 337 313 413 643 708 749
Eg;’:f;;sransmi%io” equipment & (1.69) | 496 502 519 465 259 32.0| 415 401 343 390 497 401
Refrigerating appliances (0.32) 915 911 404 303 349 345 49 -100 163 -21 29 13
Other general purpose machinery (0.59) 0.1 76 277 378 434 394|1001 940 693 595 564 623
Agricultural machinery (0.44) | 956 620 173 388 634 597 87 379 747 617 367 418

Machinery & equipment for
construction and mining

Textile machinery (0.51) 0.0 0.2 44 131 213 227]1000 997 923 727 572 56.2

Dairy lives industry machinery (0.64) na 687 523 73 147 24 na. 311 466 879 86.0 100.2

Semiconductor and flat panel & display
manufacturing equipment

(2.08) na. 326 370 570 436 379 na. 553 481 21.0 456 495

(3.34) na 112 8.4 1.7 0.0 0.0 na. 707 90.6 979 100.0 100.0

Basic material industry machinery (053) | 31.2 643 430 289 238 252| 506 375 564 702 744 756
Metal cutting machine tools (1.92) | 53.3 47.7 456 399 250 254| 400 542 356 391 658 644
Metal forming machinery (0.52) na. 340 389 403 419 571 na. 308 356 59.7 566 313

Tools for machines and pneumatic &
electric tools

Robots (0.34) na. 367 356 326 320 30.6 na. 236 236 409 648 671

Instruments & appliances for
measuring, checking & testing

Medical appliances (0.89) | 589 620 652 707 838 650| 297 383 351 6.7 6.2 250
Optical instruments & lenses (0.68) | 470 527 518 473 826 803| 541 413 189 204 1.7 4.0

(0.66) | 223 3.3 34 197 410 297| 610 753 694 545 353 37.0

(1.13) | 387 396 383 217 0.3 07| 61.7 611 621 80.2 879 846




Result of invoicing currency share

Weight U.S. Dollar
Electric & Electronic Products (20.55) | 1995 2000 2005 2010 2015 2017 | 1995 2000 2005 2010 2015 2017
Photoelectric converter devices (0.58) 02 -02 2.2 99 150 1175|1000 1000 970 833 727 687
Semiconductor devices (0.44) | 796 853 613 422 441 59.3| 199 162 40.7 555 594 340
Integrated circuits (4.59) na. 735 550 703 741 745 na. 261 428 271 218 221
Display devices (1.14) n.a. na. 537 407 335 410 n.a. na. 488 596 663 58.8
Passive components (1.72) | 629 543 582 403 488 414| 371 439 428 584 500 59.6
Connecting components (1.45) | 126 114 132 178 411 440| 879 894 874 813 549 556
Other electronic components (166) | 789 800 721 678 808 729| 158 71 201 318 208 284
Heavy electrical apparatus (2.79) n.a. na. 504 506 379 283 n.a. na. 50.3 417 57.7 66.6
Ee'f’,f;:g bulbsand lighting & wiring | 45y | 09 00 00 05 15 24|100.0 100.0 1000 99.0 967 95.2
Electronic equipment (0.86) | 531 443 240 313 439 420| 469 580 734 493 382 449

Electrical meters & measuring
instruments

Other electrical machinery & equipment| (2.03) 60.7 580 588 616 650 533| 112 280 215 201 160 345

(1.61) | 665 644 523 412 364 413| 323 377 464 576 634 5938

Communications equipment (0.68) 0.0 0.0 14 138 195 2241000 1001 983 805 699 682
Audio & visual equipment (0.86) 242 880 842 658 752 69.0| 37.8 90 -74 43 -46 0.2
E;E?;ﬁ’;ﬁcomp”te“ & computer (0.69) | 482 839 631 657 713 754| 529 114 7.9 176 103 101
Transport Equipment (28.52) | 1995 2000 2005 2010 2015 2017| 1995 2000 2005 2010 2015 2017
Passenger cars (14.30) | 80.7 846 59.0 611 715 664 10 -88 00 154 137 221
Buses (0.54) 28.2 189 7.1 3.7 107 106| 745 733 796 709 772 833
Trucks (1.50) 36.0 400 425 380 244 210| 632 579 475 252 580 64.6
Motorcycles (0.40) | 48.0 540 505 651 538 461 81 -11 176 6.7 121 16.7
Motor vehicle parts (7.26) na. 495 430 398 413 407 na. 315 340 468 489 511
Vessels & parts (2.72) 01 229 873 647 402 1081001 793 124 293 374 857
Aircraft parts (1.41) na 869 87.8 99.7 1009 1004 na. 13.3 99 -0.2 0.6 1.7
Industrial trucks & parts (0.21) 326 517 478 212 189 226| 349 502 556 66.7 785 783

Bicycle parts (0.18) | 385 635 3.1 0.0 0.0 00| 463 388 957 100.0 100.0 100.0




Summarize result of invoicing currency share

« USD Invoice share decreased and JPY Invoice share increased
from 1998 to 2000 and after 2015.

 Drastically: Chemical, Transport Equipment (1998 to 2000)
[ Chemical, Electric and Electronic Products, Transport Equipment(2014 to 2015)

 After 2007, JPY Invoice share tend to increase steadily.
d Chemical, Electric and Electronic Products

The share of Iinvoice currency drastically differs by industry.
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Two Stage Analysis

(1) Time-Varying Parameter of Invoice Share

Aln(PyEe)fl/PcEX)t — ,BtAlnEyen/$,t ytAlnEeuro,t B

@F 1-B—vy
(2) Dynamic Panel Japanese Yen Invoice Share

!
Invoice; ; = aiInvoice; ;_, + azInvoice; ;_, +

lglR&Di,t + ,BZFSRi,t ~+ ,B3Al7’lNEERi’t ~+ n; -+ Ei,t
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Hypothesis for analysis of determinants

» Export Competitiveness has strong effect on determinants of

Invoice currency.

O Firms Productivity, Bargaining Power with import firms/countries.

d Friberg(1998) and Bacchetta and van Wincoop (2005) imply firms tend to choose the
export’s currency invoicing if they have the strong export competitiveness.

But. It is difficult to find commodity-specific variable of export competitiveness.

* [to et al.(2012, 2018) pointed out that R&D Investigation plays a key

role of export competitiveness.

d Kwon et al.(2008) empirically showed relationship between R&D and productivity.

d The degree of price elasticity and product differentiation has a non-trivial relationship
with R&D. (Berman et al. 2012 and Lie et al. 2012)



Data Construction Method for

Determinant Analysis

* We collect the data of R&D as an indicator of export competitiveness
from annual report of Japanese export firms

4| Commodity-specific data of 50 sectors

831 firms ’

R&D intensities, Foreign Sales Ratio

—— Measure of Export Competitiveness
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Equation of Panel Analysis

Invoice; ; = aiInvoice; _, + ayInvoice;;_,
~+ lglR&Di,t —+ ,BZFSRi,t ~+ ,B3Al7’lNEERi,t ~+ n; ~+ 5i,t

{i denotes commodities (1 to 50) and t denotes time periods (2005 to 2016))

Invoice: Time-Varying Parameter of JPY invoice currency share

» The annual average of estimated parameter on first step

50 sectors from 4 industries.
» Transport Equipment, Electric & Electronic Machinery,
General Machinery and Chemicals
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Equation of Panel Analysis

Invoice; ; = aiInvoice; ,_, + ayInvoice;;_,
~+ lglR&Di,t ~+ ,BZFSRi,t + ,B3Al7’lNEERi,t —+ n; ~+ 5i,t

{i denotes commodities (1 to 50) and t denotes time periods (2005 to 2016))

R&D: Research & Development intensity, Export Competitiveness

R&D Expenditure

Total Assets
* The average of R&D intensities of firm’s data in 50 sectors

R&D intensity =

 Source: Yu-ho -Annual Securities Report of Japanese Firms
(831)
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Equation of Panel Analysis

Invoice; s = a,Invoice; _, + ayInvoice; ;_,
+ lglR&Di,t ~+ IBZFSRi,t ~+ ,83Al7’lNEERi,t —+ n; —+ 5i,t

(i denotes commodities (1 to 50) and t denotes time periods (2005 to 2016))

* The average of foreign sales ratio of firm’s data in 50
sectors

 Source: Yu-ho -Annual Securities Report of Japanese Firms
(831)

« A measure of the industry-level exchange rare exposure



Equation of Panel Analysis

Invoice; s = a,Invoice; ;_, + ayInvoice;;_,
+ lglR&Di,t ~+ IBZFSRi,t ~+ ,83Al7’lNEERi’t —+ n; —+ 5i,t

(i denotes commodities (1 to 50) and t denotes time periods (2005 to 2016))

« Commodity-specific nominal effective exchange rate in 50
sectors (Sato et al. 2013)

* Author’s calculation by the data from BOJ

« AInNEER 1 means yen appreciation
AInNEER | means yen depreciation



Expected Result

Invoice; s = a,Invoice; ,_, + ayInvoice;;_,
+ lglR&Di,t ~+ ,BZFSRi,t ~+ ,B3Al7’lNEERi’t ~+ n; + gi,t

(+)

(—) (+)

JR&D intensity (Export Competitiveness): positive
Competitive exporter can use JPY as invoice and avoid exchange rate risk.

Foreign Sales Ratio: negative
Firms suffered from exchange rare exposure tend to decrease yen invoice

share In org

er to avoid the change of local price.

JAINNEER:

NoSItive

The week yen trend (InNEER |) decrease JPY invoice to get ER gain.



Sub-sample
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Result of Dynamic Panel Analysis

Double asterisks (**), a single asterisk (*), and a sharp (#)

Dependent variable: JPY Invoice, denote 1%, 5%, and 10% significance, respectively.

(1) ) 3) (4) (5) (6)
2005-2016 ~ 2007-2012  2012-2016 2005-2015  2007-2012  2012-2016
JPY Invoice,, 1.146 ** 1.101 ** 1.267 ** 1.128 ** 1.109 *= 1.230 **
(0.073) (0.065) (0.063) (0.072) (0.067) (0.063)
JPY Invoice,, -0.170 * -0.154 * -0.277 ** -0.154 -0.145 -0.242 **
(0.046) (0.073) (0.064) (0.073) (0.083) (0.063)
R&D Intensity -0.020 0.060 * -0.054 -0.017 0.055 * -0.067 *
(0.019) (0.029) (0.030) (0.031) (0.031) (0.032)
Foreign Sales Ratio 0.037 -0.102 0.150 ** 0.008 -0.099 0.130 *
(0.043) (0.061) (0.041) (0.046) (0.046) (0.040)
AINNEER 0.863 ** 1.040 ** 0.889#
(0.218) (0.246) (0.474)
Wald test 1140.2 ** 800.3 ** 1312.3 ** 1174.3 ** 657.9 ** 1071.7 **
(p-value) 0.000 0.000 0.000 0.000 0.000 0.000
NOBS 579 292 250 579 292 250
AR(1) -3.12 ** -3.62 ** -2.48 * -3.03 ** -3.47 ** 247 *
AR(2) -1.50 -1.16 0.00 -1.90 -1.78 -0.18




Sub-sample

B Trade Balance
20,000 - " o
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| Il" - ‘
Foreign Sales Ratio: sign Is insignificant
-10,000 - S
-1 AInNEER: sign is positive
20000 Yen A iati QThe appreciation of NEER lead to
en ppreCIa 101 Increase JPY invoice share.
30,000 - \
N\ \ > \ N\ 0\ > Q0 > \ N\ 0\ N\
F S EE TS S S

24

Source: Website of the Bank of Japan, Ministry of Finance



Sub-sample

I~Ss
- 120

/I;port Competitiveness (R&D): negative\

L Decrease the share of JPY invoice and enjoy

exchange gain.

Foreign Sales Ratio: sign Is positive
Increase the JPY invoice share and decrease

AINNEER : positive
To enjoy exchange rate gain, firms tend to

hoice foreign currency as invoice

local price in order to extend the market share.
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Benchmark Result

Hypothesis: Export Competitiveness has strong effect on determinants
of invoice currency.

[ Competitive Exporters J

Yen Appreciation Yen Depreciation

Increase yen invoice share Decrease yen invoice share
Avoid exchange rate deficit Enjoy exchange rate gain

Competitive firms strategically choose invoice currency
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Conclusion

* Japanese Exporter’s choice of invoice currency:

 Only a few studies empirically examine the share of invoice
currency.

 Differ across commodity:.

» Determinants of invoice currency:

d Export competitiveness variable is statistically significant.
 But, its effect is conditional on to which direction the yen strongly
moves.

d EXxporters with strong competitiveness can advantageously choose
the strategy of invoice currency.
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Appendix1: Method of estimating invoice currency 1

* Two types of BOJ export price index:
(1) Contract currency based export price index ):

— (PR RYPLY (@t fry=1)

More than 95% of export transaction use
USD, JPY, EUR as an invoice currency

(2) Yen based export price index ):
= (P (Py E ) (Prs B’
— F (Pe) (R (Pro) 1 (Epnss)” (B poneuro)”
=P~ (Eyen,$)ﬁ -(E

)7
yen/euro
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Appendix1: Method of estimating invoice currency 2

 Taking the ratio of two export prices:

—( N Y4
_ ‘xEyen/$‘) ' (;Eyen/euro)

 Taking natural logarithm:
- In(PEX / PCEX) — IB In Eyen/$ T Y In Eyen/euro

yen

e 1st-difference model:
AIn(PES 1P,

yen

:,B-AInEyen,$,t+7-AlnE

>

yen/euro,t T gt



Appendix1: Method of estimating invoice currency 3

e Constant Parameter Model:
AIn(PEX /PCEX)t

yen

=B AINE +vyAInE + &,

yen/$,t yen/euro,t

USD Invoicing share Euro invoicing share
| |
}
Yen Invoicing share:

(a=1-B~y




Appendix1: Method of estimating invoice currency 4

* Time-Varying Parameter Model:
Observation Equation:

AIN(PE | PP),

yen

— .ﬁt yAln Eyen/$,t @ Aln Eyen/euro,t T &
State Equations:

b = P Vgt Yen invoicing share:
Ve =TVia TV Olt=1—,8t—]/t




Appendix2:Summary Statistics

stats NOB Mean Median Max Min Std.Dev

JPY Invoice 592 0.436456 0.427569 1.00148 -0.16408 0.307939
FSR 600 0.508359 0.514571 0.826871 0.252797 0.112307
RDTA 600 0.402854 0.390804 0.994189 0.118242 0.182226
REER 600 95.57768 94.23333 116.3417 74.3125 10.63446
NEER 600 100.9643 100.63 104.88 99.025 1.414436
stats NOB Mean Median Max Min Std.Dev

US sales/TS 600 0.193059 0.165625 0.485059 0.048416 0.089785

EURO sales/TS
Asia sales/TS

600 0.122754 0.119826 0.257525 0.026972 0.041854
600 0.192544 0.193259 0.400213 0.018257 0.05743




Apper

dix3: Robustness Check for Separation of Period

2005-2016 2012-2016 2005-2016 2012-2016 2005-2016 2012-2016

FSR 0.037 0.150 ** 0.039 0.152 ** 0.008 0.130 *

p-value 0.392 0.001 0.410 0.003 0.870 0.035

RDTA -0.020 -0.054 # -0.018 -0.061 # -0.017 -0.067 *

p-value 0.281 0.074 0.343 0.053 0.572 0.040

dInREER 0.044 0.020

p-value 0.239 0.462

dinNEER 0.863 ** 0.889 #

p-value 0.000 0.066
2005-2015 2012-2015 2005-2015 2012-2015 2005-2015 2012-2015

FSR 0.032 0.152 * 0.033 0.167 ** -0.008 0.099

p-value 0.434 0.014 0.466 0.001 0.842 0.085

RDTA -0.004 -0.054 -0.001 -0.053 -0.005 -0.056

p-value 0.859 0.214 0.971 0.198 0.871 0.110

dInREER 0.060 0.089 #

p-value 0.152 0.059

dinNEER 0.918 ** 1.008 **

p-value 0.000 0.069




Appendix4: Area-Specific Foreign Sales Ratio

2005-2016 2007-2012 2012-2016 2005-2016 2007-2012 2012-2016

R&D Intensity -0.020 0.060 * -0.054 # -0.017 0.055 * -0.067 *
Foreign Sales/TS 0.037 -0.102 0.150 ** 0.008 -0.099 0.130 *
AInNEER 0.863 ** 1.040 ** 0.889 #
R&D Intensity -0.024 0.045 # -0.057 * -0.024 0.048 # -0.061 *
U.S. Sales/TS 0.067 # -0.069 0.155 ** 0.071 -0.072 0.135 *
AInNEER 0.878 ** 0.985 ** 1.045 **
R&D Intensity -0.003 0.039 -0.050 * -0.024 0.047 # -0.051 #
EURO Sales/TS 0.123 0.142 0.175 0.111 0.100 0.153
AINNEER 0.900 ** 0.990 ** 1.102 **
R&D Intensity -0.015 0.014 -0.042 ** -0.021 0.027 -0.045 **
Asia Sales/TS -0.009 -0.238 ** 0.137 -0.038 -0.196 * 0.107
AInNEER 0.875 ** 1.023 ** 1.044 **




