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The Causal Relationship of Biomass and Economy
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Student: Yu-Ching Liu Advisor: Dr. Hsiao-Cheng Yu
Dr. Hsiao-Tien Pao

Institute of Management of Technology
National Chiao-Tung University

Abstract

Recently, owing to the environmental protection, energy security, and other popular
issues, several countries take energy policy seriously and would change policy toward
renewable energy, including biomass energy. Nowadays, few countries rely on electricity
generation from biomass energy or few are famous for biomass power generation in great
volume. Therefore, this paper selects observed samples in a much more subject and relative
way by comparing the proportion of biomass electricity generation to total generation. Thus,
in this paper top 10 countries are selected for study by taking the proportion in 2009 as
criteria, and the period from 1990 to 2009 were investigated for these 10 counties which are
divided to developed and developing group. By taking the panel error correction model, the
causal relationships of these two groups are verified and will be compared.

The empirical results for developed group reveal that negative unidirectional causality
from biomass power generation to real GDP and positive unidirectional causality from real
GDP to biomass exist in the short-run, and equilibrium relationship from real GDP to biomass
power generation exists in the long-run. For developing group, only negative unidirectional
causality from real GDP to biomass electricity generation exists in short-run, and in long-run

there is bidirectional equilibrium relationship.

Based on the empirical results this paper suggests that developed group can take
several policy to encourage biomass generation, including tax incentive, subsidy on
investment and R&D, and so on. In addition, we advise developing group should enhance the

technology, increase energy efficiency, and establish infrastructure.

Key world: Biomass, economy, causal relationship, panel data
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Labor Force, Total Biomass
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Labor Force, Total Biomass
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33 BByl g? B Rl

PHAER* R FIP R AR AT g T RRS 0 F AL 2009 £ 2R A
FRWHEFOIORTIFATHY > P e BF2BEHEY ARE S SH - Wt » 47
C B R R B F Y R RJIE.1990 T 2009 £ 231720 & Tiofc s ¥ B HcE CV B Tk

(77 2 L

# 1 % F] 1990-2010 z 4zt 3u3t

R.V Real GDP Real gross fixed Labor force Biomass Electricity
capital formation generation
unit Billion Billion Million Billion Kilowatthours
Mean (S.D.)
[C.V]
Developed | 215.0369(94.4801) | 42.9682 (19.8222) 4.4225 (1.9854) 4.1940 (3.1212)
countries [0.4394] [0.4613] [0.4489] [0.7442]
Austria 188.0275 (26.2212) 43.4658 (3.9292) 3.9370 (0.2345) 2.5486 (1.7225)
P £595] [0.0904] [0.0596] [0.6759]
Denmark | 153.66648 (18.1146) | 29.3848 (6.3945) 2.8903 (0.0471) 2.1450 (1.4280)
[0.1179] [0.2176] [0.0163] [0.6658]
Finland 119.3252 (21.8011) 22.9904 (4.8199) 2.6033 (0.0745) 7.5277 (3.0199)
[0.1827] [0.2093] [0.0286] [0.4012]
Netherlands | 368.8483 (56.4417) | 75.2324 (12.8495) 8.0300 (0.7056) 3.7286 (2.2533)
[0.1530] [0.1708] [0.0879] [0.6043]
Sweden 245.3814 (39.8736) 43.7676 (9.5825) 4.6517 (0.1693) 5.0200 (3.4044)
[0.1629] [0.2189] [00364] [0.6782]
Developing | 29:7319 (30.2079) 6.9945 (7.7352) 3.0521 (2.4299) 0.6986 (0.8183)
countries [1.0160] [1.1059] [0.7962] [1.1713]
Belize 0.8453 (0.2529) 0.1637 (0.0383) 0.0948 (0.0255) 0.0481 (0.0349)
[0.2992] [0.2343] [0.2694] [0.7251]
Chile 75.8140 (20.6349) 17.9990 (7.4257) 6.3443 (0.8345) 1.5310 (1.0804)
[0.2722] [0.4126] [0.1339] [0.7057]
Guatemala 19.4227 (4.4064) 2.9576 (0.7934) 4.1490 (0.7937) 0.7358 (0.2732)
[0.2269] [0.2683] [0.1913] [0.3713]
Hungary 48.0714 (7.7165) 10.7817 (2.5971) 4.2630 (0.1393) 0.6323 (0.8457)
[0.1605] [0.2409] [0.0327] [1.3375]
Mauritius 4.5061 (1.2060) 1.1187 (0.3102) 0.5192 (0.0433) 0.4317 (0.0554)
[0.2676] [0.2773] [0.0834] [0.1284]

TR KR AT
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331 P F F 2 A= %7 (Real GDP)

e B R FEEA 2 0 2 5 BT 1990 £ 1 2009 # 7 0 H 20 & ¥ ch T 309§ GDP 3
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R 119.3252 (21.8011) A B 19.4227 (4.4064)
Finland [0.1827] Guatemala [0.2269]
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I & 245.3814 (39.8736) w2 o st 4.5061 (1.2060)
Sweden [0.1629] Mauritius [0.2676]
Developed 215.0369(94.4801) Developing 29.7319 (30.2079)
countries [0.4394] countries [1.0160]
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332 HLFE

© BB R REFST 1990 £ 1 2009 & RF s

£3BHF Y foe

* 3 » (Gross Fixed Capital Formation)
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LAy 29,3848 (6.3945) 1 17.9990 (7.4257)
Denmark [0.2176] Chile [0.4126]
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3.3.3 & # 4 3 » (Total Labor Force)
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B R RIEHE B P R RIEH
B T 3.9370 (0.2345) b2 2t 0.0948 (0.0255)
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3.3.4 2 F it % = (Biomass Electricity Generation)
bm;?]g]ﬁqrr‘]ﬂiﬁxm%ﬂﬁ/)g, F;i"‘]l%\ [ 4 soRFC R g e FE BB M 3%
HEHETEhd TR FTIHE 4L RGP TERIBRFY RFo g 2
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25BRBFP I BERRPL AT # T
°© B R RIEHE B P R RIEH

B T 2.5486 (1.7225) bR B 0.0481 (0.0349)

Austria [0.6759] Belize [0.7251]
+ % 2.1450 (1.4280) & 1.5310 (1.0804)

Denmark [0.6658] Chile [0.7057]
W 7.5277 (3.0199) Ay B3 0.7358 (0.2732)

Finland [0.4012] Guatemala [0.3713]
= 3.7286 (2.2533) &7 4 0.6323 (0.8457)

Netherlands [0.6043] Hungary [1.3375]
Th ¥ 5.0200 (3.4044) B2 O BT 0.4317 (0.0554)

Sweden [0.6782] Mauritius [0.1284]
Developed 4.1940 (3.1212) Developing 0.6986 (0.8183)

countries [0.7442] countries [1.1713]
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22788 5 - BAE P | (2000) Information
By BN ECRE RO Administration
oA A A SEIR
2 A
Real Gross Fixed | ™4 2000 # & % # Billion SUS, | World Bank 1990-2010
Capital 2 &8 > - WA= | (2000) Database
Investment S N & '1] "i”? A
R g
Total Labor BEFFA T Million World Bank 1990-2010
Force Database
Biomass 2 e 78 T | Billion World Bank 1990-2010
Electricity ZETE Kilowatt Database
Generation hours
4.2 T H 13k T
4.2.1 _ji (Stationary )
Z_fis (Stationary) » 7 35— P $c 5] j”“ A B R R LD €
Ew T a 3 g S ARR R o ApF B BE S EREARTA 2 s @ﬁog "E
o n 8 AT FFH YKL 'é"\mﬁ?r‘? EEE ST R ) T e R R U

LT I E o PIFL BT G 2T p@,«(Non—Statlonary) o
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Granger and Newbold(1974):% % » # M2 2 ik 7w Ep: AT Rgig R Y ETF (Spurious
Regression) > @ HAFF T S5 AL L F M o d AP T HEBUFE T, 47 0 e f 4
FETERTHE A Lﬁv'l FRFBFs 2 (a8 0 2007) »

Rl SR S TE 7 I B E= L e

2.E [(yt — uy)z] =E [(Yt+m - uy)z]

3.cov(Yt, Yisk) = COV(Ve+m) Ye+m+k)

4.2.2 H i~ $3(Unit Root)

d LT AR LR i hE B T30 s BB ERE R LS ¢ EER PTG B )
ENEIRR F YL w@ammaééiﬁyuﬁM%%owAl% 2L Al T
GRS L DIEEES VRS S SIhE EES SRS T8 SRl SR At
(Integration) -

3

=

Fhorled dx £ A0 & 5 TfEHA] 0 2 hd1 A R T AEEA] s BB S d I E
RAEA S ERET L yeol(d) ¢ a&ﬁ%»ya4%%@ﬂﬁ<pwmm FaEd - =
A4 RS TR PIFEET] 5 - Fbﬁff“ﬁf'l P 2T 5 we-l(l) ) FEAATALSE
s TR MIFEIERE S - BERES 85 wil(2) o B P H ARy )]
¢OH i o 2 LR B {8 A £ A el ﬁt(rﬁ iF s % 95) -

4.2.3 H 13# % (Unit Root Test)

L G PR A e A AR RS LA e F A
2ol G R TR R 2 S ETe 2R e TR e L
- LA E T 2 E A R H SRR R T AR S A
LAk T E (B ABF 0 % 95)

4.2.3.1 4p I H 43 (Common Unit Root Test)

LLC(Levin-Lin-Chu) ¥ % #% * ADF 5% 2;:% » Tz @ T 7274 g o

Ay = ayit—1 +Z]Pi18ijAYit j+Xit5+ Mit i=1,2,3..N, t=1,2,.N

HY »a=p—1 Pii % iB&a>AnZiehic 2 A3 pk H 249253 » #i£4)7
LEFE R R g %LLC%%Iaaﬁﬁﬁ%ﬁw |2 £ 5 g i B e EIIEE G - Ban
feenE 49 o

35



B f BGK HO ¢ & 86 Bcdpisf - BE 4T Ta=0
H2EXHL: 280 B7T 48 a0

4.2.3.2 * = 3 =13 (Individual Unit Root Test)

PR E A ARG EARAE G 2 e end SR AT A NS B
B HEAEFERRT AL L BEFE ARSI RRATE -
AT Lo FEGBEFENRRL ERE BREHE BER AT

B RIBIXHO S &6 Bdps R FEH 2R

2 EERHL D LR dicdp A 3 el T 27

1. IPS (Im-Pesaran-Skin)

Pl ARBIEERR S EFERKBT LI G HERRE R H A
Ay = aye_q + 2524 BijAyieoj + Xie8 + Hie i=1,2,3..N, t=1,2,..N
S B B e R R A ehi s B L R

BT FERIFBEG ST AR ET S A ARSI o

2. ADF (Fisher-ADF)

P ¥ 538 * Fisher(1932)én% % » BB L LA G 2 R Bk hp Bl 8 > ¥ 3%
AT EWBORIRS S AR 0 RS G Bl A E 0 H 24 ot e B
UHRITPZERES BER SR E O R s iE%F'*fL’%%I?

3.PP (Fisher-PP)

MK 518 % Fisher(1932)ch% % & B & 2 &G = B kep B SR > P
ATIT EIRAITE Y A AR e B A A i pp fe T R R LR IR & T ARS

oo kFRApp LI WP S

4.3 £ K £ 45

4.3.1 £ # & (Cointegration)

HE - BHEGIEPART W AT gl pFR RS e & B FCT GG A P
% 1t ehl2 B o Engle and Granger(1987) % 71 » & B e 10 F 2L T AT A 7ML e &
Vo AT BAciEE - AT RN 1(0) s e A s b0 PG E LT SRR R 5 2
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Flpt o B EE A - BAPHOEM R e Rk T E G A e R B
ERE S-S LA =S W £ I R «Mﬁtmm‘ﬁ £ r]{ Rl Sl e B
SR FAU* FA B HCA(F 2 4R R 98) -

3
)]
q
E
f-_‘*

=
F‘_L

4.3.2 £ # & & T_(Cointegration Test)

E LK T B4V i T Engle-Granger B PR R E AR AR H L E L e LA
B T L e e i R e T
ARFHAG T o

Engle-Granger & ¥ & & % ¥ 15 L 4 ﬁiﬁ?’ﬁ%ﬂ*’f’%%ﬂﬁﬁﬁ_ BEEM R £
TREREVIRE RE mfﬂx«rﬂ‘sv“#ﬁ”ﬁ’ﬁﬂaﬁ*@ﬁ b AE T o 1

FARR FRATE it A A A L B S Bl otk - 2 fﬁzﬁﬁ'&'& ?&_f—iiﬁﬁfﬁfﬁ’
FRNlR R AR I AT - IRAEA e

e Engle-Granger i1k B £ e % 2 if * &M e B4 0 @ (& Pedroni fr Kao -
Engle-Granger si{= %8 47 & 3| £ ficdy > @ AF7 3 R @ * Pedroni #7d4& /7 ik T2 i 7 &
Fewe o Fd- kA iFE IR a2l W g7k BRMEsoR{-E$ s BFER T ‘fa’f;
Ak LR A F o R L e AL S

Yic = o + Iie + B1eXaic + B2eXait + B3eXsic + o+ + BreXkic + it

He > t=1,23.T7:i=1,23.N>k=123. Ko ® t 27 B > NEA T &g lic>m k2744
i i

d Pedroni(1999,2004)#1 # H e s B édk & g AMi B0 - B - F L Fu il n
¢ > & w5 panely, panelr, panelPP,and panel ADF ; % = é”'“ﬁ A3 A

group r, groupPP,andgroup ADF -

N Zbﬁ’ﬁ VB R R R E G R kg i & Pedroni #1dk m‘?‘ﬁﬁ B LS
AN ERREFARR P APH Gl HERFL AL R FRERFRR RS FE
MGEESthn doF BRERGTEFRIET > & TERERRhp M ik
PROFIEHERFI ALY VI AT RREFEN o AR A H LW o

HEABRT AP FEHEMG &I he AL LT 5 - ES R E(S
L% > % 98) o
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4.4 %2 13 & R

4.4.1 2% % 13  $-3](Error Correction Model) 2z &, &

WA B2 FF kS d Sargen(1964)# ) » {4 d Davidson ~ Hendry ~ Srba % Yeo # ! -

CER RS <P EE S IR RN SRS S ERT S PN E Y SR

B @ AA H e g R TR e Pl SR B I AT B R T R A P v

BT Bl 2 L REM 4o el k0 TR L RUE L P AR foel

BT o MR P AR R R R S EERERAB RO L

Why Bl P-ABEEE DL ERANFLB IR RRFLBIARTET
Fsfranin Uk 2 F T 0§ Uk (B g o 2 95) ¢

Engle & Granger(1987)*1#% ! FEbom 47 5 B @ % azf £ 13 #0A] AR 0t SE Bicdy A
fp i LA s km B-H et E”\»a‘/; B o B 2E Z 12 i #7](Vector Error Correction Model,
VECM) > 5 o fF Bicdp i (7 F]1 B R 2 22 5 o

(4.1)
44234 1 i H 3|2 (& *
AR LR LT F R M R AT AT 0 B E L R B endn T PR T

AYie'= a4 01y i+ ) Oraneiic+ ) Osiehli s+ ) BugnABFBy,
+ Mi€ie-1 + Hait (4.1
AKje = api + z 051ikAYie-x + Z 022ikAKit—k + Z 023ikALj-k + Z 024ikAEFBj¢_x
k=1 = = -
+ A2i€it-1 T Maic T (4.2)
ALj = az; + 2 031ikAYit—k + Z 032ik MKtk + Z 033ikALjt-x + Z 034ikAEFB;_k
+ Azi€it-1 + Hait (4.3)
AEFBj = oy + z 041ikA Ytk + Z 0.42ikAKit-x + Z 043ikALjt-k + Z 044k AEFBj¢_x
+ A4i€it-1 + Hait T (4-4)

Ho D ARA - EA kAT E e eNARLB D -
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5.1 H434 7

I EFe FTRE Y IR AR AR RSB AR
TR AR o Yt o MR AT R 2 H ﬁﬁaf ”%ﬁi,%% P R R L B F R
T TR E AR T AT o

J
p
=
3
B
*ﬂ
=
N
4;.
(\

~

whoe HAETE LG 4k E 249 5 LLC(Levin-Lin-Chu) ~ IPS (Im-Pesaran-Skin) ~ ADF
(Flsher-ADF) % PP (Flsher-PP)L e EBRK W e e E 0 TN E RA T A S 2 LA
THA T FRASFEZESEEABRR R AN AT RBTRE T2 - LA FTHE
RTRAOTI o fpr b 0 PSS 2 2IEG R ABR e MANHAF R4 FTREL AT
B IR ERLTET 5 - BER A LA TRF LB so

cBFRPL IR e = A AR D S - L el w0 RS R BN

17 - AT RS BERTES fn i Gisdos EEET

B RREZ IR T T 2 FIES - P44 B2 w® Bk 2 &7 & ¥ieh

-RAEASFTHEERTL %%Lﬁ FA% &V BT L F L LAY -

F7ERRTES
Panel A, developed countries
LGDP /A\LGDP LK ALK LL ALL LEFB /\LEFB

LLC -3.00892°  -3.96586° -2.0628" -3.76972° 2.92324 -1.68158° 3.74017 -1.21059
IPS 0.07269 -3.60323% 0.04574 -3,81265% 4.16041 -1.50320 1.87872  -3.32554°
ADF 7.55776 31.0127°% 9.57055 34.5751° 4.38630  15.2172 1.47932  27.3517°
PP 24.0600°  45.5911° 10.2749 294.776° 2.8280 24.4624° 13.9748 50.3259°
Panel B, developing Countries
LLC -1.67029° -6.95519° -1.77969° -3.32196* -1.28032 -4.04202° -0.30184 -3.71311°
IPS 1.33596 -7.30852° -0.00509  -3.68508° 1.80232 -3.29832% 2.01502 -4.21488°
ADF 4.80910 61.2989° 9.78124 34.9801° 4.42455 30.3385% 5.14644 36.5737°
PP 4.62469 70.6128° 10.7186 33.0057° 5.12581 33.6066° 21.7314° 70.6128°

He > Ma~b&78FML 1%E 5%k ¥ L E
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N
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i
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B
ﬂ}

- F 32 0 d Pedroni(1999,2004) %14k M chE B A RE 5 A KT A WK L B R
RLLF AR Pp v GE 12 RRARFL AL OGS T R

= - # A ek ?;f?*}é_’ﬁ 2 > % panelv, panelr, panelPP,and panel ADF > @ % = #f ¢k
T 3t € 3 = 0 % groupr, groupPP,andgroup ADF °

‘\

BREBRZHEF TP L HEEMGZ T o0 e BF RS BEY RES i
& L& 4ok 8 97T o

e BERTe b MPI AL L AR FIFGEERX T - 5 208 2ES
ABXH L RRZ AL W‘Efﬁl“@:%}’ﬁ Bk T 0 F MR A B4R B o Ak o
UGS BEFTEEY B hs FEN G - 10 RE TR AW LR
#P’ﬁﬁﬁ*%%bw%@?ﬁk’zi*ﬁ—auiﬁiﬁfgg;g

Z«

ABEE LS
Panel A, developed countries
Within Dimension Between Dimension
Panel v-statistic 1.998116 Group p-statistic 0.552865
(0.0229)** (0.7098)
Panel p-statistic -0.297761 Group PP-statistic  -2.910334
(0.3829) (0.0018)***
Panel PP-statistic -2.479827 Group -3.300841
(0.0066)*** ADF-statistic (0.0005)***
Panel ADF-statistic = -2.954630
(0.0016)***
Panel B, developing Countries
Within Dimension Between Dimension
Panel v-statistic 1.902741 Group p-statistic 1.496140
(0.0285)** (0.9327)
Panel p-statistic 0.064841 Group PP-statistic  -3.165734
(0.5258) (0.0008)***
Panel PP-statistic -3.585758 Group -2.304210
(0.0002)*** ADF-statistic (0.0106)**
Panel ADF-statistic -2.672333
(0.0038)***

H ¢ 5 p<0.01*** > p<0.05** » p<0.1*
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5.3 ;}" i3 1 -4 (VECM)

T AEHE BFRTITEFY %ﬁxmmﬂ%rﬁg %k 7 2 ¢o—“(4.1)%ﬁ TR Hp P
%]3;? AP rEZFEFAFTERFEELF I HEFR T A A TAFTHY SRS EE
FrelEERE w2 LRI TH 1”‘” F(42)E 7 ARG REE FE A HNHIT A
FrEF e HFRE AT TR AL EFRE P PRI G N
MR R P S H 4 B»};J},?;,,;;F_%zﬁ"s:z, ;']?»F' 7]\%)\ 20 BE;}%’K’

CHN R e FRE L2 ELRPREEH R N (44)E T 0 BT A
4 FLeRHEFRL A SRFEHNATAFT Lo

zﬂ‘ﬂ 7
} }}
>\_

PHBFY AR RETZ TR R FEE AR TR AT AR 2
Fh A N EAREEEF I HFREM G A TR F T HNERSEE L v HEY
THG T EFEPREIM G o N (42E 0 REHF BN FART AL L4 B
PHEFPT RS 2 AR T HN AR E M B A R RTH %o 50 (43)
For o GG R Y Byl ra»%ﬁ%“%fi@’ 2 Sk PER

b
ﬁsrﬁgfﬁsw& ‘5‘; *“’"ﬂPEJ,‘%;%“%fE“’
”ﬁ 2

Panel A, developed countries

Dependent
variable Sources of causation (independent variables)
Short-run Long-run
AY /A\K AL /\EFB ECT
AY — 15.4012 3.8874 2.8709 -0.0498
(-0.114509) (-0.129026) (0.009502) [0.32]
[0.00]* [0.05]** [0.09]*
A\K 3.8231 — 3.0432 4.1501 -0.3913
(0.401313) (0.3006) (-0.0189) [0.000]*+
[0.05]* [0.08]* [0.04]**
AL 48.5229 1.6382 — 6.3536 -0.013543
(0.058034) (0.028432) (-0.00383) [0.4603]
[0.00]*** [0.2045] [0.00]*
/\EFB 20.4099 26.8877 8.0098 — -0.145296
(-6.690107) (1.1263127)  (2.155461) [0.00]*
[0.00]*** [0.00]*** [0.00]***
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Panel B, developing Countries

Short-run Long-run
AY /A\K AL /\EFB ECT
AY — 2.8126 21.7470 9.4451 -0.048956
(0.033708) (0.203146) (-0.014763) [0.04]**
[0.09]* [0.00]* [0.00]**
K 16.8605 — 2.6035 0.0168 -0.3553
(0.8203) (-0.7316) (0.0042) [0.00]
[0.00]** [0.11] [0.89]
AL 10.6337 6.6929 — 0.5155 0.0046
(0.1609) (-0.0422) (-0.0034) [0.55]
[0.00]* [0.01]** [0.47]
/\EFB 2.2513 6.3203 1.1741 — -0.078339
(-1.254869) (0.385026) (-0.908589) [0.05]*
[0.13] [0.01]** [0.28]

H e, p<0.01*** > p<0.05** > p<0.1*

ﬂiﬁ*fwF*“’“m%%ﬁ@?ﬁ&%%@?&i e BEAGER DI EFY -
R WH PR B i w2 FI R > TN (4.1)% N (4.4)8 FIF -

\(41)# p AR
4 Wﬂa%%é F A A 3]
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