The economic relation between the climate change
and the production elasticity of cereals
about each countries' macro data

January 20, 2009

Abstract
The production function of cereals regressed by cross-section macro data of
each countries and their climate data is useful. That regression implied that the amount
of cereal production is higher in the areas where climate is more stable, moister and
more clement. If the climatic variation like abnormal weather becomes intense by
global warming, it negatively affects the cereal production. The cereal production of
the temperature doesn't always deteriorate if the cereal of production is not chosen in

the global warming.

Keyword: Macroeconomics; Macro data; Cross section data; Microeconomics; Applied
Econometrics; Agricultural economics; Geography; Production; Grain; Cereal;
Climate; v 7 iR 70 I 7 v B ILHE, I EHER G 7 B PR, &
W, &g AEE



LB L ERE e ¢ o o v o v o e e e e e e e e e e e 3

DARER o o o o o e e e e e e e e e e e e e e e e e 5

BHEATRFGE « o ¢ o o o o e e e e e e e e e e e e e 6

ASSHTDTTEE « ¢ o o o o o o o o o v o v e e e e . 7
4.1. 5%

4287 VAOHEMH

4.3 AR F D ER

4.4 regression

4.5.data

4.6.8 E & Tek

4.7 06 R L SE

4.8 ARHFFE & SEATHFFE D L

4.9 (R | e
SATMEOFER « ¢ ¢ o o o ottt e e e e e e e e 23

5.1.0LS @ Assumption

5.2.707% & FIA

5.3.0LS @ output

5.4.homoskedasticity

5.5.GLS @ Assumption

5.6.GLS @ output

5.7/ Assumption D HE FE

O.EZEZLHFEZ « « o o o o e e e e e e e e e e e e e 31
T o OFFTEDORIREL « » » o o o v o e e e e e e e 33
3 ¢ B 34

= by =0 N 36

Tablel, 2,3



1EhHE & E

@ &kl MBEEHEF (20063 L TN ILO2006) (FR%E)
e s — ANY T OBMAEFE (ton/ N) ZEbER (SCHEENITTEL B )

Average Product of Labor b=t
27T
100 N
S s 4
T DRUED 7 \
BAEEISEL TS ? ! | \‘
10 W me e e me
ik EEE |
- = ' |
s« o ua K 7 2/8 ANE R R B W
7 - 8y
» ] | I\ /
\ ~ /7 \ ' /7 N /
0.1 \"%_—,', . N - - ,’,
4 A & 4 4 F B O+ v B K T h T 7
ook oz 3 x Lk o5 oz 4 F F £ N
8 7 S SR /R
i PO ¢ Tg S 7 ;
7o > % >

BYIL. K DECKE. BVE ZAE, E3BAIL. LE, [FhiLi, KB, DMALL ETEESE
BRA. 7L (E) IR BEHIA B TRESINTWSETOE(15HE) %58
BIBEATEON-BZYEEEL. ILOTEONE-EE-KREAOTE S =,
(HAT) B ARERBEASGGE http://www.stat.go.jp/, TLO ([EFE57@1HES)  http://laborsta.ilo.org/
@ 5kl : FAO(2005) (fR%E)

c - —TEEBEYY OBMAERE (hectogram/hectare) % FLEL

863700
Average Product of Land =]
70006 & mL
eI WM s e
stsn P [EYBRFDORIED =B BN
BYEEISELTNS? ! 1 ; A
20003 s o T o B |
- LN i
By ' ] - “'”" DU W‘“ ':W””" :W'"” gt WW T"w,
e E EEEEESEEEEEE
E R 2ER N By
LN I It I B B E B S E EMNENEY S
o » % 5 e B 5‘1-‘\:‘.&-—’51_
S A V- S N S R AT S N A At
7 A
N A T T T R A
< i 2 £ F = g P
e
¥ Ly 5 #
&

BYE. XKE,.ZFIEX. DFTIVTREF. T4=F.

FYoEOOY SL—  ZAE.FXT K. BH.SME,

EOOY . MTAA—L DEBYZRELLO. FRELRYERA. YU TILIE APL D157

BEizZzAZ 1=,
(HAT) FAO ([E Ak 2 306 B )

http://faostat.fao.org/



EEl : Koppen(1923)D X432 KiuiE, KUMEITIRE & BKE, OB TRES
na.

(KA KX 455 DI http://ja.wikipedia.org/wiki/%E7%94%BB%ES5 %83 %8F:Climates_in_the_world.svg

FIL AR EEPE DS O HIIE kD AR EE MR M i

T AR EE M S R VO HiER T

-EE (—, BEEH) - BRKESZTERY - REBOBER/IEW
DTIXRND?



2 AR

a1
—IEESCHEKE, TORERZEDT, BVOLEEEOMPALEE L TEDTH
5.

R 2
—RELE) (RESCEKEOEERZE) 1T/hEWVWE (DEVRENPLZELT
WAHFH) B, BYMOLEEICLYHEETS.

RFH 3
—FIR LY LEKEDOFDN, BYMOEEIZLVEETS.



3. e Tt 5E

Furuya & Koyama (2005)
InYH, =a+bT +b, In PRC +b,InTMP

YH:= Yield (APT)
TMP:= Temperature
PRC:= Precipitation
T:= Time trend,

InYH, =a+bT +b,In PRC, +b,InTMP,

] Furuya & Koyama (2005)

Data Micro Time Series Data
Regressand Yield (APT)
Regressor Temp., Prep., Time trend, Subsidy
Estimation OLS, AR(1), AR(2), AR(3), AR(8)
# years 40
# Countries 14
# Cereals 5
Climate Partial
ODENENDERY. TNETLDOET LIS
[EiFEDHEREL TS,

% QBE -BKET—E2—IT . B LITHIFEELT Z .
F-—EDORFEIDAHER,
QFEY-ECLNDEREIZEH
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42. FFILROEH

Assumption & Notation

The cereal is produced from the three inputs.

(1) The production function is f.

(2) The inputs are Capital (=K), Land (=T) and Labor (ZL),.
("." The Agriculture sector of the specific factors model )

(3) The output (cereal) is Quantity (=Q).

(4) The cereal market is perfect competitive, so the price of output
(cereal) P is constant.

5) K, T,L,P,Qe R"

The production functionis Q= f(K,T,L) -++(3.1)

Production function DX DIRE

Prodiction function ®FEFE T I FEHIN D H D & LT, CES &, Translog !,
Cobb-Douglas Bl D 3 D2 Hi1 5.

%77, Cobb-Douglas ! (Cobb and Douglas[1928]) £ VW HEHEZL L DX, LLTO
2OThAH.

- CES %! (Arrow, Chenery, Minhas and Solow[1961])
AREERORERNIMELZ —EIC LD THSH. CRS (1KRFAK) THHZ
EVRAMRTH L7, AE, £O X5 BRIEIZBNRNOT, EATE 2.

- Translog %! (Christensen, Jorgenson and Lau[1970])
Cobb-Douglas B A i@H 2 IROBETTA T—RBEALTZHLDOTH Y, regressor
DENERIZ7: 5. BE KB O regressor THF e & Z A3, constant Z RV T



(K +2)K +1)

waH, =1=¢,, C, —1= — 1 @ regressor THHT L7 < TidZe b720,

X o T, Excel Tidregressor (X 16 HETLMEZ RO T, ZOHIBEEZEZ 5
FIREMEN K E < 25 . B, KX CITAEZRATIERICSEME XS5 D T,
Translog 2 TiX regressor 7% 44 i (EFIEZFRLS) &2V, Excel NMEATE 2
V. E72, Whitetest 2179 ERICHXTLED.

PLE XY, AENIEIZ Cobb-Douglas B AEHT2 Z Li12T 5.

fis Cobb-Douglas function: f(K,T,L)= AK°T*L’

The production function is

Q=fKT,L) ---31
f is Cobb-Douglas function:
f(K,T,L)=AK“T?L’
a.p.y
Substitute (3.1) for (3.2),

Q=AK°T?L’

The both sides X P,
PO = PAK°T*I”

PO = PAK °T* L
Take natural log for the both sides,
In PO =1In PAK°“T*L"

=nPA+InK*+InT? +In L’
=InPA+aln K+ InT+yInL

(InPA,a, B, yare constant.)



InPO=InPA+aln K+ InT+yIn L

Add other factors and rewrite the constant parameters,

InPQ=0+alnK+InT+yInL
+pBInx,+ [, Inx, +---

(KUEE-F)
Xe - - BBKBOE#EFE Xs - EBkE

X7---BFHKBEOELERE  Xo---EEHKE

10



4.3. K AEH+ DER

(RUZEHF) Xs - EBKE Xo---EFHKE

<SKUERRFDZBIRICHT H&ET1>

=TFEBKEIIFFEHREBIFLE ENGSTELY, FLIFETESLULT. &
ENEILTHIEFEZBELTLVEVD TGO ? BEXSTEL. ThEDTE
Bt ZregressorlCFT RETIHREWVZAIM? =

OfEN . HEBYDBEELLLAATRICETEVETEFTLULTLTE,
ZTOEITHET ABMEEET HZFEDOT,. I&MIEEERRIZLTLNS K
MAETE®HEZFET SILEEIETEG?

O (ELVSHEY)) BB E V)G ERDESL DB D EFELLLY,

—SEIE, ‘ZEHELS T EEZTDEEregressorlZLIZIGE L. FEENSD T
Bt ZregressorZL 12358 D 2D MregressionZ 1T,

SERT) Xo---prokBOmERE X7 ATHSROEERE
<KUREFOERICH T HHRET2>
—SREHOEELLT. SR CREGEEREERALBh=

"DRUIREDIEFRE2RLTHESN DD T, samplefll DEMNZELIERLT
LESDZERST=86

—RICEFHDIEIZEELTIE., DEEVEBERENFERIh TSNS
() I7AF 2 RADYRIDIGEIZIBHERE

-DRERRALION . BEREZTEHALLSH. Cobb-Douglas function[Z

natural logZ# SIS HIZIE. RHOBEEOETILOETEFYALEHSS
ElFA L (Lemma 1 5H8)

11



Lemma 1

Cobb-Douglas function (Z natural log % B 5 #5& (21X, regressor (2, 7R AEH L
KoM, BRREEZEA LI I D, REOFEESCET VOETITEY HFRE
HAHZ EER.

(Proof)

Cobb-Douglas function

y=Ax"z" (x,y,z.afAe R)

% regression 52 L EE X D.

Z AUIZ natural log #BL % &,
Iny=InA+alnx+pflnz L 72%.
22T, z=0 (BHRE) L95¢&,
Iny=lnA+alnx+flnok72%. -(4.3.1)
wIZ, z=0> () LT5L,
Iny=InA +alnx + Blnc’
=lnA+alnx+2flnck 20, y=2&THIZ,
Iny=lnA+alnx+ylnc & 725, -(4.3.2)
2T, 43.1)E@32) & BT L, —EOMRELSL, variable b0 THD
FERIESRLTHD. LoT, REDOMED y=2D BRI 25 LIS,
regression DFERITES B LIZ2 5.

12



(REET)  Xo..-pmkEomERzE  Xs---EHkE

<KUEEFOZERICHT H1REH3>
¥l [ Eregressor[THETIIELVMN ? =

AXYY

-BEREHEIL. BRKELRVEDRERICHLIET .
—regressor[$H LM, FHEABEZR A H > TILAE S 4R (multi-collinearity:
Assumption__%Z ) DT, HRFFHEZ AN TIIGLLELY,

-AHARIE. [UEDEEICRITTEZEEZDTL TS AN, Koppen(1923)
DEETIE. [RIRIITEEBKEDAHTREDIDT, ANLELTRLY,

L TLHBREOT 24— R oMo otz -,

4.4. regression
- IEEREFR ST

<HZFRBHZZ XX - regressand >
B EERED B IR DOME (InPQ)

<FBHZ %L regressor >
x, (JfEETF, 1=6,78,9) KU,

tHmEfE (T), BEEEEK (L), BEEAR (K) O OE

AR DO (£7 V) OEZOHEEZ, HAOE L HIROKLE 25, sample
w RO T

13



4.5. data

=BWIET LT — 4 —=

FAO (EHE &k EZEME) http:/faostat.fao.org/ (2T, EEDFEY D Gross 35 &
O Net DAEPERR (PQ), BOFEEME (T), BEEEEL (L), BEEAER K)
DT —Z — % HH

BYDES

EESESSEREEME (FAO) I2BWT, Cereals & L THEHCBAIA T
HHD%, KigLIlBIT B MEERTDH. LoTC, UTO15fLR5.

Table WD EF

English H A5
Barley R*E
Buckwheat ZIx
Canary seed BV T HEF
Fonio =
Maize FUER Iy
Millet I
Oats fMeE (ZAE)
Quinoa X7
Rice, paddy TA R, b
Rye TAE
Sorghum Fray
Triticale YA HR=ah¥X
Wheat INE
Mixed grain BYERE-H D
Cereals, nes REGEEREY

14



wAE & T
1 1E O B H 5k

ARIETE, FEOBMAEE IS CTRERERBKE L FFH[IEZEL L
e HFEIZHOWTHRAT 5.

(1) = EFNno&MOEE

BRax BRBMAEICETOIREOEE - XA SRLENR, Z2< ORY THIE
REEIXFEE LRV, ZTOXIRBEWICENTCL, BT 2L SNHIREOET
WV E R DEMBKEKE  EEHRIEEZY I, ERCIIERORETET S
WaNZNDT, FKEIL 250 OFEH, wmizsmﬁﬁPﬁ%m &l L
TbOh#EiEs Lz, AL, XV BWEENBOFETHELNLEEICIE, £
NaEHMT%. (ITable3: B O KEFEM EKE & RBEELIRE] 22RE
£.)

(2) HEEIZBWTEEL CWAEMOME EKIBEOT —Z —DOED

FEORERIBEL I OREFRKEZEEHT 2720, S8BYD 3 1H#E (FEAD
W21, 1999 £ 5 2001 ) Offitg & AEEEZROQITIER SR, RKIET
XD, £ U8 SORMBEOER YW EHHT 5.

1. Belgium & Luxembourg (22T

2000 FE & 2001 FFOT —F —DpRESN TN D, THl - EXRR EZOMOT
— A —FETHEAINTVDIDT, ZOMELEEEEDT —Z — LA LS
RS20, MEIZONTE, ETEENTROEOZENZENDM T, T (%
FEOMEXBEEDEER) ZFtE L, FBMIZONT, TAEAMEO L D%
BEFT D&V FEEH T

15



2. Georgia @ Buckwheat
1999 DT — X — (ffikg, EEEE HIZ) BDHEELZVOT, 1999 £D T —
B —Z 2, 2002 EDT — X — | ANEZ T

3. Czech @ Buckwheat

ETCOETMHEDOT —FZ —DHEELR. FoabtRU KD REKE - K
BEDOHIFRRIZ BN A B AFT E AL H Y — L B L TR, AaAFT
DI B OB OMIEE AL TN, Ko T, AuAR"ETOZNETNOED
T—H =ML

4. Estonia @ Triticale
1999 £ & 2000 & D Triticale DT — X — 72D T, 1999 4 & 2000 £ DT —
A —ZarE, 2002 & 2002 EDOTF —H —IZ ANz 7.

5. Bahamas, Liberia, Cape Verde, Djibouti, Solomon Islands
R DT —X —IN—HIFE L. L, BN 1L, 1% H
MENESRNDT, FFICRDRNZ LIZT 5.

6. Viet Nam

ks DF — 5 — S —GEE LAV, B ORET U7 HE MK T — 5 — %
B2 A, EHTHERIE, W3 ONELC LD RE&ICRDZEnD, i
e ER LI L7z,

7. & DM,
UToE ("»"ORiIOE) HMEOT —% —N—HI1FEE LRV,

Afghanistan — Tajikistan
Angola — Namibia

Central African Republic — Cameroon

16



Chad — Cameroon

Fiji — Philippines

Gabon — Congo

Guinea-Bissau — Guinea

Guyana — Suriname

Guatemala — Mexico

Korea, Democratic People's Republic of — China
Libyan Arab Jamahiriya — Algeria
Mauritania — Mali

Oman — Yemen

Papua New Guinea — Philippines

Senegal — Guinea

Sierra Leone — Guinea

Tanzania, United Republic of — Mozambique
Uzbekistan — Kyrgyzstan

Zambia — Zimbabwe

FIT, 3HHEDPrice DT —X—%2T, MMOE (""0O%OE) (T A
2T, FTOBOBEDOREEIILIT LS.

AU LD RBEKETHD Z L.

RBEZTPBEATHDL Z L.

KERETND Z L.

BB ETWS Z L.

BB OBENOLHENRETNEZE (Fl: MUK AEETH D).
HIERIZIEN T &

ANIBZ ODNDENEEL TWLBME, TELRTEZL OEICKNT
EELTNDLI E. o, TNLOEEOZDEIZEIT S share N TE H 72
FRENZ L.

O R S S S S

17



LEDFEMED ET, ANBIT-ETHEEINL TV R2WEMNS 55 ES
F DM % dataset PHIHELTEZ S.

8. Cereals, nes & mixed grain

iR, HEKEEZRDDOIIRARER O CEHET 5.
(3) FEOBEENOHEH

(1) IZ&koTROONTEY | ORBERERBKE L FEEHYRIBELETNE
AWR.T;(eR) T DH. £z, KFEIZBITHEW i O jHEEIZBIT HME L EEE
RENEN, PuQs(eR) &4 5. SE D, ABEHIL POy & 155, 3R (O

AREITIE 1999 &5 2001 4 £ T) DOFHMEI ;iﬁjQ,.j LV, BYEED

FERERR DRI, —ZZPQUEfOEZD. IhERWE, B i OEEFEICKT

t j=1

3
2P0,

HENOEEY =7 — 30— L85, PQ;(eR) XY, ZHIF 0161

2. 2P0,

t j=I

2P0, 2.2.P0,

D% ED, o, Y L =4 =1L, 2D =T =% T,

C 22RO 2P0,

t j=l tj=l

MK EPLCKEOMELEYEZRDH LIk T, BEXEHTIVUE, EEERM
Bk 81X

3 3

2RO, LLRPO, >3.1r,0,
>R = L%, FRRICEOEE YRR, ———
22RO, 22RO, >3r0,

0D,

18



4.7. FER L ikE
BB C 2 > D% EH

O % 9713 Finite-Sample Theory {Z351F % Ordinary Least Squares = OLS (Gl & />
T F{E) T regression X° Test 21T 9

— L2 L, OLS 1T 9 1Z1E, W< 222® Assumption %72 L TV 5 Z & A3 FE1HE
—regression OfEF:, © L Assumption % 3ifi7= L T\ 7272 5, Large-Sample
Theory ZERMA L7720, BIOHEEE (GLSX°GMM 72 &) ZfE 5> NERH 5.

OFEFRE (R-squared) &, regressors @ t-value % fRFE
B LETEFE YV NETNDL, thE FEEORDT NI ZANG) ik
S L CHRERFRDIT 21T 9
—HYIEL CHETS.

o SO TILIYX L

(1) Finite Sample Theory (1) Q)EIXRDHETEET

OLS Tregressiont°Test regression{2Test
‘ A= S7E0N I
(2) regression® AssumptionZ i =L TLND HFREE
=g

(3) RE Dp-value*oR-squaredZ B T, regressoral B

|

4) FZREB(B)DIE=ENEZR T, REZEIRE

19



@ RH p (XfERTMN? ?
mPO=3+B K +B K, +,InT+L.InL+L Inx,+--
ST 1R (linear) T DT, £ 53 (BAGMIZHHE) LT,
dInPQ=B,dInK, +BdnK, +L,dInT+BdInL+BdInx,+---
BRI XLAMEREZET D& E D Dnatural logld0

d1nPQ = fdInx, o f, = 09

dIn x,
<EE>HHEOMABE: Linret o dinr=P A
dx X X X

5 _dInPO _APQ/PQ
° dlnx, Ax, /X,
ChlE. x DEEREIC T HEAMEEFLLY,

CARBBE. EDORAZERDEEHICH T HHNELFLL

20



4.8. RAFFE & FATHIZE D i

Table 4: Furuya & Koyama (2005) V.S. Fujishiro (2009)

Furuya & Koyama (2005):
ImPO=4+p,InK +B,InK,+ S, InT+ B, InL+f,Inx,+

Fujishiro (2009):

InYH, = a+bT +b, In PRC, + b, InTMP

Furuya & Koyama (2005) V.S. Fujishiro & Kohno (2009)
Micro Time Series Data Data Macro Cross Section Data
Yield (APT) Regressand Net/Gross PricexQuantity
Temp., Prep., Time trend, Capital, Land, Labor,
Regressor
Subsidy (only U.S. and EU) Temp., Prep., these deviations
OLS, AR(1), AR(2), AR(3),
Estimation OLS, GLS
AR(8)
40 # years 3, 30
14 # Countries 126, 98
5 # Cereals 15
Partial Climate Annual
O ENEThoEY, ThZtih © B R R TEYR S
DE Z &I [ERE S 2 i Hr 2 S i
LT, @ IRE - BEKRET—¥ I, #
@ B - BAKET - — e B2 6 OTEHE S 5 R
BYHZ LI A LAz, F @ = FEROIRE - BFKE)
C—HRDOEFHA D A B N AEPEBI B KT TR

@ B - ETLDERIZER

% H
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4.9. {FGR DK

offi i 1
BESCHRKE, TOEBREL BYOEEELRATLIZHL LTEDTH
5.

SHHTH D Z LIFLTO 2 SN BERM

[E1J 53 #T D R,

(D& 5 17= R-squared 23 1 IZFE T L, T AKX EEILIT — X —I1Tx L TY
TITE D 2 L.

(Q)ZF NZ LD regressor D t-value RHEB THNIX, FOEEKITHER.

{2
RELE) (BESCHRAKEDEERERZE) /hEWVWH (OFEVRERLELTWD
) 0N, BYOAEICL Y HEETS.

—EEEEOES M B, L EKBEEB OB B DIEAIZ L - THIMr
—ARD, TOHBBPBA (EBF/DEV) Thid, AESHEMT 5 LH#ERET
5.

{3
SIBL D LBEKEDO TN, BYOAFEIZLY FETS.

SRR EBKEORE (FEIIME) ORE I OHEIZ X o THIWr
—SBAKEOKRE (HAOMH) ¥ (EoFmiz) K&iThiX, BAKEDHFBEREIZ
FHLUTEDALUNT PBRKREWVWLHERTX 5.

TEHEDO LA IFADTAIIRE TNIE, FRICSA N7 FRREVWEERD.
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5.5 DfE R

5.1 . OLS (Ordinary Least Square)? Assumption

LLEDAREIZE ST, {B,.6,, L HIHHHE T 5 & 415D OLS estimator 233K &
D, %@ estimator |[ZXf 7T 5 Test (FRE) NITHOIND.

Assumption in Finite-Sample Thoery

AT, yox.&({ =12,k =12,---K) Z <%, regressand, regressor, error
term & 3% (K IZ regressor D, n L sample D TH D).
(1) (linearity) y, = B.x;, + ByX;y +-+-+ B X + &
(2) (strict exogeneity) E(&, 1x;,x,,-,x,)=0
(3) (no multicollinearity) {x,,x,,---,x;} 1is linearly independent.
(4) (homoskedasticity) E((s'i2 LX), X0y X ) = o’
(5) (no correlation between observations)

E(g.€; 1 x),x,,+, %) =00, j=1.2,---, 50 # )

(6) (normality of the error term) {&,&,, -.&¢ | x,,%,,-+, x; } ~N(O, o?)

Assumption of Large Sample Theory by OLS

n n n n

Large Sample Theory Tl, "linearity", "strict exogeneity", "normality of the error

term" N ARE ({H L, ergodicity 72 £ 5] Assumption 23 AEIT/R D).

L2rL, %28~ % homoskedasticity % Test 3 % 72 @ White Test TIi%
Large-Sample Theory (25 T, OLS estimate D FRIZEH] S 415 deviation (5%
%) ZRDTND.

Z DTz 8, AL TIX linearity, exogeneity, normality 73 violate SAL TV 57 E 9D
2 ZB8%> 577, Finite-Sample Theory (Z351F % t-Test X°> Wald-Test & ZEHi L T\ 5.

23



52. Jigt & FIR

(1) AENE, TepEz3HEETMEELZDOFE F regressor IZL7=HAE, BWEND
D T % regressor (2 L72HA D 2 DD regression 1T 9.

(2) regressand (PQ) & L C, Net production & Gross Production 3% X 541 5%.
WA TITV, YTIEEY Haid 5.

" [Fl— @ sample, [Fl—OHEEE (Estimation) (2% LT, 2X2=4 i@ Y @ regression
2TV, TNTNZ KT S.

*R SFECIERK L 7= 7 1 7 F AT regression 33 X U Test

Stepl: sample AR (sample size:126)

—Combine 7 — ¥ — N2 WIEEO BARKEOMELZ 0 IZ LD ET WG
l

Step2: Combine 7 — % — 2372\ Sample(#2 i) & & CERV 7= (sample size:98)

BroVIZE

Afghanistan, Angola, Barbados, Belarus, Bolivia, Cameroon, Cape Verde,
Djibouti, Dominican Republic, Fiji, Gabon, Guinea-Bissau, Honduras, Jamaica, Korea,
Democratic People's Republic of, Lao People's Democratic Rep., Liberia, Malawi,
Mauritius, Mozambique, Namibia, Niger, Nigeria, Rwanda, Solomon Islands, Tanzania,
United Republic of, Togo, Trinidad and Tobago

- Combine % ff 2 72 WEM OEE D ESHEER EERZ .

—AEEMENELCEAT D 2 2

24



5.3. OLS @ output

Table 1 38 L X Table 2 & HH L.

Regressand Net Gross Net Gross Net Gross Net Gross
Sample size 126 126 126 126 98 98 98 98
R squared 0.962 0.964 0.959 0.961 0.948 0.951 0.945 0.949
Adjusted R squared 0.960 0.961 0.956 0.959 0.943 0.947 0.940 0.944
F-Test 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Wald statistic 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
const. -3.462 -3.321 -0.541 -0.499 -3.211 -3.043 -0.858 -0.811
Capital (Combine) 0.058 0.057 0.066 0.065 0.080 0.077 0.093 0.090
Capital (Tractor) 0.097 0.096 0.120 0.119 0.108 0.109 0.121 0.121
Land 0.899 0.902 0.889 0.894 0.907 0.910 0.906 0.909
Labor 0.039 0.034 0.017 0.012 0.018 0.013 -0.007 -0.011
Prep.s.d. -0.401 -0.386 -0.020 -0.019 -0.370 -0.351 -0.059 -0.058
Temp. s.d. -0.102 -0.090 -0.226 -0.207 -0.160 -0.149 -0.285 -0.265
Annual prep. 0.451 0.439 — — 0.348 0.330 — —
Average temp. 0.213*  0.187 * — — 0.259 0.233 — —
Deviation of prep. — — -0.074 -0.080 — — -0.026 -0.031
Deviation of temp. — — -0.093 -0.087 — — -0.127 -0.119
White test 0.087 0.074 0.030 0.030 0.085 0.064 0.058 0.047

- ROETIE VIR BV

(R-squared, Adjested R-squared, F-Test, Wald-Test). < Production {Z%f 9 % Land
DEBDED72 D mnnb 2
- regressand (233 C, Net Production & ¥, Gross Production D 513 TiEE Y
DRV, <Gross DN EEOMEIZT VD ?

* Labor [IAE TRV, <X b LEYOTHE I TIXALnnG ?
- EBEAE AN L X, BAKEOEERZNEFE C2< 75 (R-squared b T E
t3%).

+ Combine 23 {F7E L 72 W E % BR\U 7= sample size 98 D H Y, LV BEEIC/RD. «
EBROEITIEW NS ?
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5.4. homoskedasticity

(4)(homoskedasticity) E(£’1x,,X,, ", X,)=0"
L X Xy K

White Test \IZ K> CTHIFr S 5. LT, ZOHEZERND.
*7, 8/_275_’{“_1@ regressor & = M 4T ? second moment (xixj(i,j: 1,2,---,n)) T
regress 35 (OE D, T D & & D regressor DARENUL , H, & 72 5) . % D regression
IZ31F % R-squared % R*L 9% &, White test TlX, homoskedasticity 7% violate
ENTESNDIEE, nRIE, degree of freedom (B HE) . H,? y’- distribution
WZHED & & D. ©>F Y, null hypothesis 2% accept LD FNE L, ZDHIT
I% p-Value 23K TRITF TR B 72200,

LRAIT, eFEBRITIIBHTFRETH 5725, White Test TII Large-Sample
Theory (2% T, OLS estimate D FRIZEIH] X415 deviation (FRZE) ZfEH L
TW5b. 2072, AKHFZE TIZ() (linearity) (2) (strict exogeneity) (6) (normality of
the error term)7> violate AL TV 522 E 9 MTBI4 5, Finite-Sample Theory (&
B % t-Test X° F-Test & Ffii L T\ 5.

—White Test % Ffii
confidence interval 95% T null % accept 3% . L 7> L confidence interval 90% T null
Z reject SNDGENHDH.
—OLS TRV L X RV, BENELTND.
—GLS 1T 9 N &.
(% DAt Assumption (%1% THRFE)
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5.5. GLS (Generalized Least Square)?> Assumption

GLS Ti%, (1) OLS in Finite-Sample Thoery (Z351F % Assumption D 9 5, (1)
(linearity) (2) (strict exogeneity) (3) (no multicollinearity) 2% %32 L T W\ AL,
estimator |XA %) (IE#EIZIX unbias T efficient) & 725 . AHBFFE TIX, Time Series
Data Z# 72\ D T, (5) (no correlation between observations) % RifE(Z L 72
Eicker-White ® 75T GLS estimator Z 3K & 7-.

LA, eIFFEBRITITBRIRTRETH 523, EBicker-White D FIETIE, —
i, Large-Sample Theory (235D TC estimate 17> TV 5. Z D7 %, White test
DEFTTHBR 72, KRB TIL, (1) (linearity) (2) (strict exogeneity) (6)
(normality of the error term)7’ violate S AL TWH N E 9 NICE DL L T,
Finite-Sample Theory (Z351F % t-Test X° F-Test & OLS & [Al#%, GLS ([Zxf L TH 5E
fiLC\a. FlEIXZOLS OHE LFEEE T 5.
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5.6. GLS @ output

Table 1 38 L X Table 2 & HH L.

o lale el el e 0l 6|

Regressand Net Gross Net Gross Net Gross Net Gross
Sample size 126 126 126 126 98 98 98 98
R squared 0.962 0.964 0.959 0.961 0.948 0.951 0.945 0.948
Adjusted R squared 0.960 0.961 0.956 0.958 0.943 0.947 0.940 0.944
F-Test 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Wald statistic 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
const. -3.677 -3.592 -0529  -0407 -3.149 -2971 -0.765 -0.639
Capital (Combine) 0.058 0.059 0.067 0.067 0.074 0.076 0.083 0.084
Capital (Tractor) 0.104 0.103 0.121 0.122 0.107 0.106 0.129 0.128
Land 0.895 0.893 0.897 0.900 0.923 0.924 0.904 0.902
Labor 0.032 0.033 0.001 0.003 0.006 -0.001  -0.010  -0.008
Prep.s.d. -0.415  -0.403 -0.017 -0.034 -0381 -0361 -0.060 -0.081
Temp. s.d. -0.101  -0.082  -0.245 -0.234  -0.171  -0.165 -0.273  -0.266
Annual prep. 0.479 0.480 — — 0.340 0.327 — —
Average temp. 0.254 0.225 — — 0.250 0.215 — —
Deviation of prep. — — -0.070*  -0.087 — — -0.031 -0.035
Deviation of temp. — — -0.106 -0.100 — — -0.151 -0.143

Test X° R-squared |Z OLS & 1Z & A E[R L.

BTEEVITIDD, WS ORI THEE TR

HL, OLS &I~T, AR DM (FEREERE) NE AT,
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5.7. flL> Assumption D FERE

2. Assumption {Z%F9" % Test

()(linearity) y, = B,x,, + Bx,, + -+ B Xy + &,

SHCIE

mPO=6+B K +B, K, +B,InT+pB;InL+pL,Inx, +:-

LETILEHREL TWAHDT, OK.

(2)(strict exogeneity) E(& | x,,x,, -+, x,) =0

E(g, 1 x,,x,,-+,x,) =0 % null hypothesis & 4% t-Test Z1T 5. Z L7 accept &
N5, 2F0, p-Value R THDH I ENHFE L.
—accept SN7-D T, MEMRL.

(3)(no multicollinearity) {x,,x,,---,x,} is linearly independent.

& DD regressor Z M regressors T regression L T4 T, R-squared (LLF,
R*E32%) mEiFiE, regression Al CHEI2NFE A (multicollinearity) L T\
HZ Ll b bbb, ZOWE, estimator NIELWVMEZER Lo 720, AE
Z2 VLK Ro72 VT HOTHETH L. — kI,

1
1-R?

VIF =

TEF SN D VIF (Variance Inflation Factor) 7% 10 % # % 72 & multicollinearity
MWREAELTWNDEZEZ D, ZO VIF X, regressor ZILZLIVUIZEBWTHFEET HD
T, & DD regressors D set (2D X, £ D regressor DED 4371217 KD 72 1T iulE
B,
—HFER, Stepl 2 EHHIZBWTYH, 10 2825 VIFIZFEE LR - T

. OK.
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(5)(no correlation between observations)

E(eiej X, %5, X)) =0 (@, j=1L2,---,n5i # j)

AKX Durbin-Watson Test Z 9" %. L7A>L, Time Series Data TiX72 <,
AE D X 5 IZEFEA % [E 7€ L 7= Cross section Data & FiW\ 7= 047 Cli%, @%, 2O
Assumption 73 violate Si1 5 & 1EFE X WD T, Test ZITHOMR.

(6) (normality of the error term) {&,,&,, & | X, %, ++, X} ~N(, ©7)

normality (IE#L M) @ Test (212, Shapiro-Wilk test % ZEHi 3% . Z #UIL, normality

\ZH€ 9 Z & % null hypothesis & L7z Test Td 5. D F ¥, null hypothesis 73 accept

SNDHENEL, ZO7OIZIE p-Value KR TRIT LT 720,

—Shapiro-Wilk test ¢ null hypothesis 7% accept
— [ E L
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6.5 %2 L it i

=R 1 =
RESREKE, TOREBREDT BRUYOEEFELZHATLIZERE LTED
(D)R-squared 23F & A £ 0.95 82 TEH Y, F-Test X° Wald-Test & [EEIAYICHE
DT, KOBTEIEY FIFRW
Q&R EIZBNT - - -
* Combine, Tractor, i, FEMEKEIETOHETHE
CERIE D EEKED D OTRED,
Large Sample Theory ¥ TILRTHIXEE.
- Labor |Z&IRH A
<RIV, BERETBHELBRWEEDHTEE LT LOTHEH?
C O, HBEICED.

=G 2 =

RELS (BESCHEKEOEERZE) 1NSWE (O VRENRLZELTND
7)) B, BYMOEEICELYFETD.

—IREEEN O SIME B, L EKEEEOH M B DIERIZ X - THIM

— B D, TOHSEMNEY (BEHHR/NE) TR, EEIFEENT 5 LR T
5.

- BEEBOWMAMER, LBRKEEBOBNEBROELL LA

- RFULFEFEE N

= {3 =

SILE D BEKEDOH N, BOOEEIZLVEFLSTS.

—RUR & BAKBEORE (FAM) ORE S OEIZ & - THIET
—RERKEORE EAME) 28 (EOFMIZ) RETHIE, BKEOHTNAEEIZ
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KLTEDA NI IR RENVWEHEHRTED.
—EBRIE, BKEOREOFR (EOFHMIZ) K
CARGRIEER E STz,
— L2, TEEETIE, BEOHFR (ADFMIZ) K
LIUE, EOTWEEFE
—AKFFETIE, ZORBINIE LWVNEE S TWDE 05905720,

= Dfth=

- regressand (233> C, Net Production & ¥, Gross Production D 503 Tl E Y
ARV, «Gross D NFEBEOEIZIEW DG ?

- TREE AN L &, BRARKEOEERZENAERE TRV, HIZ, REOERE
REDOHE IIEM ET D (R-squared [3&FTEILT 5H).

PEKRERE L ZOEBETIE, ATEOHTPEE (TEHEZ ANDERIZARN? 2).
Combine 23 1F7E L 72 W E % R\ 7= sample size 98 D H N, LV FEIZ/RD. «FE
BEROEIZIT DB

- Combine L Y % Tractor D HF &5 ENE .

= Imprication=

(1) BWAEEENEOVEEIILLT

REEEBOREITE =KENREE

IR LI K B DRED [E = IRE DI H

TeBE DRI DA =RESCHEKENETETCHERTETH L A
—EERD L O ERWN?

—EEOME L EAEENE .

(2) HEKIERR(LIZXLY
RERIZRE, JUBEEHDE L  RNTBW AR IEZE.
BEO LR LTH, BYOREELRIIRTE, BRWAEENENT DL LITR

\-

—
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7.2 DAFZED 5 RE A

T =R L, 4, FEMATNSD.
—RE, BOREERNH TV,

T O FFE DR T,

sample I AL TWDHENRR LA TS (1999-2001) .
FEE DT —Z =BV DT A
—RE, BOWREERNH TV 2R,
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Table 1: Regression of Cereals Production Function (sample size = 126)

(1) (2) 3) “4)
Regressand Net Gross Net Gross
Estimation OLS GLS OLS GLS OLS GLS OLS GLS
R squared 0.962 0.962 0.964 0.964 0.959 0.959 0.961 0.961
Adjusted R squared 0.960 0.960 0.961 0.961 0.956 0.956 0.959 0.958
F-Test *1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Wald statistic *2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
-3.462 -3.677 -3.321 -3.592 -0.541 -0.529 -0.499 -0.407
const. 0.0000 0.0000 0.0000 0.0000 0.2491 0.2597 0.2741 0.3730
0.0000 0.0000 0.0000 0.0000 0.2330 0.2482 0.2589 0.3603
0 0
0.058 0.058 0.057 0.059 0.066 0.067 0.065 0.067
Capital (Combine) 0.0043 0.0046 0.0040 0.0031 0.0016 0.0014 0.0015 0.0011
0.0072 0.0086 0.0074 0.0065 0.0033 0.0033 0.0034 0.0029
2.48 2.42
0.097 0.104 0.096 0.103 0.120 0.121 0.119 0.122
Capital (Tractor) 0.0032 0.0017 0.0027 0.0014 0.0003 0.0003 0.0002 0.0002
0.0015 0.0009 0.0015 0.0009 0.0002 0.0002 0.0002 0.0002
3.31 3.09
0.899 0.895 0.902 0.893 0.889 0.897 0.894 0.900
Land 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
3.71 3.54
0.039 0.032 0.034 0.033 0.017 0.001 0.012 0.003
Labor 0.3920 0.4790 0.4420 0.4660 0.7053 0.9863 0.7822 0.9415
0.3690 0.4580 0.4160 0.4420 0.6733 0.9847 0.7583 0.9348
3.05 2.63
-0.401 -0.415 -0.386 -0.403 -0.020 -0.017 -0.019 -0.034
Prep. 0.0009 0.0006 0.0011 0.0007 0.7721 0.7987 0.7770 0.6117
standard diviation 0.0002 0.0001 0.0002 0.0001 0.7915 0.8185 0.7987 0.6448
5.56 1.7
-0.102 -0.101 -0.090 -0.082 -0.226 -0.245 -0.207 -0.234
Temp. 0.2150 0.2230 0.2610 0.3100 0.0032 0.0014 0.0054 0.0017
standard diviation 0.2120 0.2340 0.2610 0.3330 0.0023 0.0012 0.0040 0.0014
2.44 1.89
0.451 0.479 0.439 0.480 — — — —
Annual prep. 0.0002 0.0001 0.0002 0.0001
0.0002 0.0001 0.0002 0.0001
4.77
0213 0254  0.187  0.225 — — — —
Average temp. 0.1200 0.0644 0.1600 0.0927
0.0293 0.0079 0.0445 0.0142
2.06
o — — — — -0.074 -0.070 -0.080 -0.087
DeVl?tlon from 0.0854 0.1063 0.0566 0.0386
the suitable prep. 0.0642 0.0807 0.0368 0.0239
1.14
o — — — — -0.093 -0.106 -0.087 -0.100
Deviation from 0.1633 0.1155 0.1821 0.1274
the suitable temp. 0.1419 0.1023 0.1542 0.1058
1.18
White test *3 0.087 0.074 0.030 0.030
Test of strict exogeneity *4 1.000 0.588 1.000 0.324 1.000 0.466 1.000 0.798
Shapiro-Wilk test *5 0.642 0.632 0.690 0.632 0.633 0.611 0.748 0.690

Note:

Beginning at the top, Estimators, p-Value of t-Test in Finite-Sample Theory, p-Value of t-Test in Large-Sample Theor

and Variance Inflation Factor (VIF)
*1 p-Value of F-test in Finite-Sample Theory
*2 p-Value of Wald statistic in Large-Sample Theory
*3 p-Value of White test
*4 p-Value of the test which lets strictly exogeneity be the null hypothese
*5 p-Value of Shapiro-Wilk test



Table 2: Regression of Cereals Production Function (sample size = 98)

(5) (6) (7 (3)
Regressand Net Gross Net Gross
Estimation OLS GLS OLS GLS OLS GLS OLS GLS
R squared 0.948 0.948 0.951 0.951 0.945 0.945 0.949 0.948
Adjusted R squared 0.943 0.943 0.947 0.947 0.940 0.940 0.944 0.944
F-Test *1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Wald statistic *2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
-3.211 -3.149 -3.043 -2.971 -0.858 -0.765 -0.811 -0.639
const. 0.0002 0.0003 0.0003 0.0004 0.1512 0.2012 0.1592 0.2681
0.0000 0.0000 0.0000 0.0000 0.1138 0.1544 0.1233 0.2190
0.00 0.00
0.080 0.074 0.077 0.076 0.093 0.083 0.090 0.084
Capital (Combine) 0.0259 0.0392 0.0254 0.0289 0.0095 0.0219 0.0096 0.0157
0.0204 0.0301 0.0249 0.0278 0.0129 0.0307 0.0156 0.0282
2.75 2.62
0.108 0.107 0.109 0.106 0.121 0.129 0.121 0.128
Capital (Tractor) 0.0099 0.0111 0.0072 0.0089 0.0051 0.0028 0.0036 0.0021
0.0083 0.0095 0.0080 0.0097 0.0109 0.0082 0.0102 0.0086
3.44 3.40
0.907 0.923 0.910 0.924 0.906 0.904 0.909 0.902
Land 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
4.13 3.98
0.018 0.006 0.013 -0.001 -0.007 -0.010 -0.011 -0.008
Labor 0.7398 0.9075 0.8024 0.9873 0.8967 0.8429 0.8298 0.8754
0.7430 0.9080 0.8050 0.9870 0.8895 0.8321 0.8209 0.8704
3.71 3.06
-0.370 -0.381 -0.351 -0.361 -0.059 -0.060 -0.058 -0.081
Prep. 0.0039 0.0030 0.0045 0.0035 0.4029 0.3956 0.3985 0.2375
standard diviation 0.0015 0.0011 0.0017 0.0013 0.4331 0.4257 0.4361 0.2627
5.33 1.61
-0.160 -0.171 -0.149 -0.165 -0.285 -0.273 -0.265 -0.266
Temp. 0.0814 0.0637 0.0930 0.0640 0.0007 0.0012 0.0011 0.0011
standard diviation 0.0478 0.0342 0.0596 0.0384 0.0003 0.0004 0.0004 0.0005
2.36 1.80
0.348 0.340 0.330 0.327 — — — —
Annual prep. 0.0075 0.0089 0.0085 0.0093
0.0069 0.0074 0.0079 0.0080
472
0.259 0.250 0.233 0.215 — — — —
Average temp. 0.0682 0.0795 0.0898 0.1168
0.0083 0.0117 0.0133 0.0239
1.96
o — — — — -0.026 -0.031 -0.031 -0.035
DCVI?UOH from 0.6092 0.5518 0.5331 0.4888
the suitable prep. 0.5764 0.5113 0.4918 0.4384
121
o — — — — -0.127 -0.151 -0.119 -0.143
DCVI?UOH from 0.0627 0.0281 0.0710 0.0308
the suitable temp. 0.0489 0.0241 0.0534 0.0243
1.15
White test *3 0.085 0.064 0.058 0.047
Test of strict exogeneity *4 1.000 0.550 1.000 0.412 1.000 0.945 1.000 0.131
Shapiro-Wilk test *5 0.573 0.666 0.561 0.609 0.891 0.928 0.778 0.868

Note:

Beginning at the top, Estimators, p-Value of t-Test in Finite-Sample Theory, p-Value of t-Test in Large-Sample Theor

and Variance Inflation Factor (VIF)
*1 p-Value of F-test in Finite-Sample Theory
*2 p-Value of Wald statistic in Large-Sample Theory
*3 p-Value of White test
*4 p-Value of the test which lets strictly exogeneity be the null hypothese
*5 p-Value of Shapiro-Wilk test



Table 3: 54 O foc i 4 I K B & SR 47 128 XU

o A ] SR Kia
ER YA AL X ASE Pk E(mm) SEXRIRCEC) iz
Barley K (M) 79 AL/ e T R 1 650 10 ZEHE1650mm A it
Buckwheat F1x =R 1000 17.5
Canary seed »F U 7T |[1EH 1000 17.5
Fonio Tor=oh | ) SRR B E 2000 25
Maize  huEmay [R#S (B o8 a 1700 17.5 | TEIER HES 0 W A 75 55
Millet N (B B R fE IR 2000 20
Oats ek (ZAZER) | (BF) PERMBEEMER R iR s 650 15 FEHIT650mm DS i i
Quinoa *XT (A7) REAF/PNREE (77 R) 800 10 T T A Ml o0 & fig
Rice, paddy >k, # 7 QR BRI EEE . (B T &de BV iR R 2000 20 IR IRIZ17°C-25°C D[]
Rye TAE GRA) PEERMEEME R/ TR & e 650 10 ZHHI3650mm 75 i ik
Sorghum Eray  |RES (B AT RE 1000 20
Triticale == AX|{ES/ (HE) HhyErEEE 650 17.5 FHHIT650mm ) B i
Wheat /NFEE (R T e e e (i e E i A 650 10 FFEIZ650mm )N F i




Table 4: A28 CTHH L7z [H - Ml & AR T — & — DR

E4 (3535) E4 (A 4 R FPE[EESY] RRIEIES)]
Afghanistan TIH=AE 12 H N 3130N 6551E
Algeria TNAYe )T REARLEME FL-xzb e gL 3643N 315E
Angola TAT T B 8518 1314E
Argentina TN T E TT)ATA VA 34358 5829W
Australia A=A LT VT ARV INE 37498 14458E
Austria A=A~ U 7 4Fn(E U= 4814N 1621E
Bahamas AVANAES| TV — 2503N 7728W
Barbados SULN R A 77 M) =7 X LAEEEZER | 1304N 5929W
Belarus NRF—HFE NN 4 5356N 2738E
Belgium & Luxembourg ~LF—E[FH 7 v 5048N 421E
Belize NY =X NY =X 1732N 8818W
Bolivia AR Y B 7 HfE T IR 16318 6811W
Brazil 7' U VEI AR E VATV RA 1 22558 4310W
Bulgaria TNH Y T HFE VT 4T 4239N 2323E
Burkina Faso TNXFT 7 THRy—o— 1221N 131W
Cameroon H A Jv— o HFnE Yo 350N 1131E
Canada HFH T REV R 5334N 11331W
Cape Verde =R F PE 1644N 2257TW
Central African Republic gy 7 U B 3FNE AL 516N 1738E
Chad F v RILFE vV AN 1208N 1502E
Chile 7V dFnE T a7 33238 7047W
China rhEE N RIEFN[E vy oA (L) 3124N 12128E
Colombia oo e e Y ET 2T RIS 442N 7409W
Congo SN ST Tl AUV R T—)v 449S 1154E
Costa Rica a2 &Y J HFnE Frkt 1000N 8413W
Céte d'Ivoire a— h PR T — L3 RE TE 515N 356W
Cuba ¥ o — BN E SRS 2310N 8221W
Cyprus X7 a2 4LfE FFH 3453N 3338E
Czech Republic F = adfnE TIN 5006N 1415E
Denmark Fr~—7 FH TN 5541IN 1233E
Djibouti T T 1133N 4309E
Dominican Republic KX = HfnE o h I 1826N 6953W
Ecuador =77 KdefnE ¥ kb 8S 7828W
Egypt T T T 7 HRE 1A v 3008N 3124E
El Salvador T L RLAERDE PN KoL 1343N 8912W
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BAFZED regression THEHA LT REFEO I 0 /7 A

regressand 7 net production T, FERfA F[E L 72\ sample size 7% 98 DG &

<input >

#normal_net_98
Y<-YN_98 #regressand
X<-X_98_normal #regressor

n<-nrow(Y) #sample size

K<-ncol(X) #number of regressor including const.

b<-solve(t(X)%*%X)%* %t(X)%*%Y #parameter of OLS

e<-Y-X%*%b #error term of OLS

sigma<-e%*%t(e) #making variance matrix of GLS st no-serial correlation
sigmalupper.tri(sigma)]<-0 #making variance matrix of GLS st no-serial correlation
sigma[lower.tri(sigma)]<-0 #making variance matrix of GLS st no-serial correlation
V<-sigma #variance matrix of GLS st no-serial correlation

C<-VA(-1/2) #C matrix of GLS st no-serial correlation

Clupper.tri(C)]<-0 #C matrix of GLS st no-serial correlation

Cllower.tri(C)]<-0 #C matrix of GLS st no-serial correlation

Y_G<-C%*%Y #regressand of GLS

X_G<-C%*%X #regressor of GLS
b_G<-solve(t(X_G)%*%X_G)%*%t(X_G)%*%Y _G #parameter of GLS
e_G<-Y-X%*%b_G #error term of GLS
R2<-1-(colSums(e*e))/(colSums((Y-colMeans(Y))"(2))) #R_squared of OLS
A_R2<-R2-(K-1)*(1-R2)/(n-K) #adjusted_R_squared of OLS
R2_G<-1-(colSums(e_G*e_G))/(colSums((Y-colMeans(Y))*(2))) #R_squared of GLS
A_R2_G<-R2_G-(K-1)*(1-R2_G)/(n-K) #adjusted_R_squared of GLS
XX<-solve(t(X)%*%X) #solve(t(X)%*%X)

XX[upper.tri(XX)]<-0 #making diagonal matrix

XX[lower.tri(XX)]<-0 #making diagonal matrix
XX<-XX%*%matrix(1,nrow=K,ncol=1) #change diagonal matrix into column vector
s2<-t(e)%*%e/(n-K) #variance of sample error

s2<-s2[1,1] #variance of sample error

t_V_f<-b/((s2*XX)"(1/2)) #t-Value in Finite-Sample Theory
p_V_t_f<-2*(1-pt(abs(t_V_f),n-K)) #p-Value of t-Test in Finite-Sample Theory
s2_G<-t(e_G)%*%e_G/(n-K) #variance of sample error of GLS

s2_G<-s2_G[1,1] #variance of sample error of GLS
t_V_f_G<-b_G/((s2_G*XX)"(1/2)) #t-Value of GLS in Finite-Sample Theory
p_V_t_f G<-2*(1-pt(abs(t_V_f_G),n-K)) #p-Value of t-Test of GLS in Finite-Sample Theory
O_K_1<-matrix(0,nrow=K-1,ncol=1) #making linear hypotheses

I_K_l1<-diag(K-1) #making linear hypotheses

R<-cbind(O_K_1,I_K_1) #making linear hypotheses

r<-O_K_1 #making linear hypotheses

E_Var_b<-s2*solve(t(X)%*%X) #natural estimator of Var(blX) of OLS
F_r_f<-t(R%*%b-r)%*%solve(R%*%E_Var_b%*%t(R))%*%(R%*%b-r)/(K-1) # F-ratio of OLS in
Finite-Sample Theory

p_V_F_f<-1-pf(F_r_f,K-1,n-K) #p-Value of F-Test of OLS in Finite-Sample Theory
E_Var_b_G<-s2_G*solve(t(X)%*%X) #natural estimator of Var(blX) of GLS
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F_r_f G<-t(R%*%b_G-r)%*%solve(R%*%E_Var_b_G%*%t(R))%*%(R%*%b_G-r)/(K-1) # F-ratio
of GLS in Finite-Sample Theory

p_V_F_f G<-1-pf(F_r_f_GXK-1,n-K) #p-Value of F-Test of GLS in Finite-Sample Theory

B<-V #diagonal matrix of e2 of OLS

S<-(t(X)%*%B%*%X)/n #data matrix of S of OLS

SXX<-(t(X)%*%X)/n #data matrix of SXX

Avar_b<-solve(SXX)%*%S %*%solve(SXX) #asymptotic variance of OLS estimator
Avar_b[upper.tri(Avar_b)]<-0 #asymptotic variance of OLS estimator
Avar_b[lower.tri(Avar_b)]<-0 #asymptotic variance of OLS estimator
Avar_b<-Avar_b%*%matrix(1,nrow=K,ncol=1) #change diagonal matrix into column vector
SE_l<-(Avar_b/n)"(1/2) #standard error of OLS in Large-Sample Theory

t_V_I<-b/SE_I #robust t-ratio of OLS = t-Value in Large-Sample Theory
p_V_t_1<-2*(1-pnorm(abs(t_V_I),0,1)) #p-Value of t-Test of OLS in Large-Sample Theory
B_G<-e_G%*%t(e_G) #making diagonal matrix of e2 of GLS

B_Glupper.tri(B_G)]<-0 #making diagonal matrix of e2 of GLS

B_GJ[lower.tri(B_G)]<-0 #making diagonal matrix of e2 of GLS

S_G<-(t(X)%*%B_G%*%X)/n #data matrix of S og GLS
Avar_b_G<-solve(SXX)%*%S_G%*%solve(SXX) #asymptotic variance of GLS estimator
Avar_b_G[upper.tri(Avar_b_G)]<-0 #asymptotic variance of GLS estimator
Avar_b_G[lower.tri(Avar_b_G)]<-0 #asymptotic variance of GLS estimator
Avar_b_G<-Avar_b_G%*%matrix(1,nrow=K,ncol=1) #change diagonal matrix into column vector
SE_1_G<-(Avar_b_G/n)*(1/2) #standard error of GLS in Large-Sample Theory
t_V_1_G<-b_G/SE_1_G #robust t-ratio of GLS = t-Value in Large-Sample Theory
p_V_t_1_G<-2*(1-pnorm(abs(t_V_1_G),0,1)) #p-Value of t-Test of GLS in Large-Sample Theory
Avar_b<-solve(SXX)%*%S %*%solve(SXX) #asymptotic variance of OLS estimator
Avar_b_G<-s0lve(SXX)%*%S_G%*%solve(SXX) #asymptotic variance of GLS estimator
W_s_lI<-(t(R%*%b-1r)%*%solve(R%*% Avar_b%*%t(R))%*%(R%*%b-r))*n # W-statistic of OLS in
Large-Sample Theory

p_V_W_I<-1-pchisq(W_s_I,K-1) #p-Value of W-stat of OLS in Large-Sample Theory
W_s_1_G<-(t(R%*%b_G-r)%*%solve(R%*% Avar_b_G%*%t(R))%*%(R%*%b_G-r))*n # W-statistic
of GLS in Large-Sample Theory

p_V_W_I_G<-1-pchisq(W_s_l_GK-1) #p-Value of W-stat of GLS in Large-Sample Theory

i<-1 #regressand number in VIF

Y_V<-matrix(X[,c(i)],nrow=n,ncol=1) #regressand in VIF
X_V<-matrix(X[,-c(i)],nrow=n,ncol=K-1) #regressor in VIF
b_V<-solve(t(X_V)%*%X_V)%*%t(X_V)%*%Y_V #parameter of OLS in VIF
e_V<-Y_V-X_V%*%b_V #error term in VIF
R2_V<-1-(colSums(e_V*e_V))/(colSums((Y_V-colMeans(Y_V))*(2))) #R_squared of OLS in VIF
VIF_1<-1/(1-R2_V) #VIF

i<-2 #regressand number in VIF

Y_V<-matrix(X[,c(i)],nrow=n,ncol=1) #regressand in VIF
X_V<-matrix(X[,-c(i)],nrow=n,ncol=K-1) #regressor in VIF
b_V<-solve(t(X_V)%*%X_V)%*%t(X_V)%*%Y_V #parameter of OLS in VIF

e V<-Y_V-X_V%*%b_V #error term in VIF
R2_V<-1-(colSums(e_V*e_V))/(colSums((Y_V-colMeans(Y_V))*(2))) #R_squared of OLS in VIF
VIF_2<-1/(1-R2_V) #VIF

i<-3 #regressand number in VIF

Y_V<-matrix(X[,c(i)],nrow=n,ncol=1) #regressand in VIF
X_V<-matrix(X[,-c(i)],nrow=n,ncol=K-1) #regressor in VIF
b_V<-solve(t(X_V)%*%X_V)%*%t(X_V)%*%Y_V #parameter of OLS in VIF
e_V<-Y_V-X_V%*%b_V #error term in VIF
R2_V<-1-(colSums(e_V*e_V))/(colSums((Y_V-colMeans(Y_V))*(2))) #R_squared of OLS in VIF
VIF_3<-1/(1-R2_V) #VIF

i<-4 #regressand number in VIF

Y_V<-matrix(X[,c(i)],nrow=n,ncol=1) #regressand in VIF
X_V<-matrix(X[,-c(i)],nrow=n,ncol=K-1) #regressor in VIF
b_V<-solve(t(X_V)%*%X_V)%*%t(X_V)%*%Y_V #parameter of OLS in VIF
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e_V<-Y_V-X_V%*%b_V #error term in VIF
R2_V<-1-(colSums(e_V*e_V))/(colSums((Y_V-colMeans(Y_V))*(2))) #R_squared of OLS in VIF
VIF_4<-1/(1-R2_V) #VIF

i<-5 #regressand number in VIF

Y_V<-matrix(X[,c(i)],nrow=n,ncol=1) #regressand in VIF
X_V<-matrix(X[,-c(i)],nrow=n,ncol=K-1) #regressor in VIF
b_V<-solve(t(X_V)%*%X_V)%*%t(X_V)%*%Y_V #parameter of OLS in VIF

e V<-Y_V-X_V%*%b_V #error term in VIF
R2_V<-1-(colSums(e_V*e_V))/(colSums((Y_V-colMeans(Y_V))*(2))) #R_squared of OLS in VIF
VIF_5<-1/(1-R2_V) #VIF

i<-6 #regressand number in VIF

Y_V<-matrix(X[,c(i)],nrow=n,ncol=1) #regressand in VIF
X_V<-matrix(X[,-c(i)],nrow=n,ncol=K-1) #regressor in VIF
b_V<-solve(t(X_V)%*%X_V)%*%t(X_V)%*%Y_V #parameter of OLS in VIF
e_V<-Y_V-X_V%*%b_V #error term in VIF
R2_V<-1-(colSums(e_V*e_V))/(colSums((Y_V-colMeans(Y_V))*(2))) #R_squared of OLS in VIF
VIF_6<-1/(1-R2_V) #VIF

i<-7 #regressand number in VIF

Y_V<-matrix(X[,c(i)],nrow=n,ncol=1) #regressand in VIF
X_V<-matrix(X[,-c(i)],nrow=n,ncol=K-1) #regressor in VIF
b_V<-solve(t(X_V)%*%X_V)%*%t(X_V)%*%Y_V #parameter of OLS in VIF

e V<-Y_V-X_V%*%b_V #error term in VIF
R2_V<-1-(colSums(e_V*e_V))/(colSums((Y_V-colMeans(Y_V))*(2))) #R_squared of OLS in VIF
VIF_7<-1/(1-R2_V) #VIF

i<-8 #regressand number in VIF

Y_V<-matrix(X[,c(i)],nrow=n,ncol=1) #regressand in VIF
X_V<-matrix(X[,-c(i)],nrow=n,ncol=K-1) #regressor in VIF
b_V<-solve(t(X_V)%*%X_V)%*%t(X_V)%*%Y_V #parameter of OLS in VIF

e V<-Y_V-X_V%*%b_V #error term in VIF
R2_V<-1-(colSums(e_V*e_V))/(colSums((Y_V-colMeans(Y_V))*(2))) #R_squared of OLS in VIF
VIF_8<-1/(1-R2_V) #VIF

i<-9 #regressand number in VIF

Y_V<-matrix(X[,c(i)],nrow=n,ncol=1) #regressand in VIF
X_V<-matrix(X[,-c(i)],nrow=n,ncol=K-1) #regressor in VIF
b_V<-solve(t(X_V)%*%X_V)%*%t(X_V)%*%Y_V #parameter of OLS in VIF
e_V<-Y_V-X_V%*%b_V #error term in VIF
R2_V<-1-(colSums(e_V*e_V))/(colSums((Y_V-colMeans(Y_V))*(2))) #R_squared of OLS in VIF
VIF_9<-1/(1-R2_V) #VIF

X1<-matrix(X[,c(1)],nrow=n,ncol=1) #regressor of White Test
X2<-matrix(X[,c(2)],nrow=n,ncol=1)

X3<-matrix(X[,c(3)],nrow=n,ncol=1)

X4<-matrix(X[,c(4)],nrow=n,ncol=1)

X5<-matrix(X[,c(5)],nrow=n,ncol=1)

X6<-matrix(X[,c(6)],nrow=n,ncol=1)

X7<-matrix(X[,c(7)],nrow=n,ncol=1)

X8<-matrix(X[,c(8)],nrow=n,ncol=1)

X9<-matrix(X[,c(9)],nrow=n,ncol=1)

X_W<-cbind(

X1*X1,X1#X2,X1*X3,X1*X4,X1*X5,X1*X6,X1*X7,X1*X8,X1*X9,
X2*¥X2,X2*%X3,X2*X4,X2*%X5,X2*X6,X2*X7,X2*X8,X2*X9,
X3*X3,X3*%X4,X3*¥X5,X3*%X6,X3*X7,X3*X8,X3*X9,
X4*X4,X4%X5,X4*¥X6,X4*X7,X4*%X8,X4*X9,

X5*X5,X5%X6,X5*X7,X5%X8,X5%X09,

X6*X6,X6*X7,X6*X8,X6*X9,

XT7*X7,X7*X8,X7*X9,

X8*X8,X8*X9,

X9%X9) #regressor of White Test
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Y_Wxk-e #regressand of White Test

b_W<-solve(t(X_W)%*%X_W)%*%t(X_W)%*%Y_W #parameter of OLS in White Test
e_W<-Y_W-X_W%*%b_W #error term in White Test
R2_W<-1-(colSums(e_W*e_W))/(colSums((Y_W-colMeans(Y_W))*(2))) #R_squared of OLS in
White Test

p_V_W<-1-pchisq(n*R2_W,(K+1)*K/2) #p-Value of White Test
p_V_E_e<-(1-pt(((n)*(1/2))*abs(colMeans(e)/s2),n-1))*2 #p-value of Expectation of error
p_V_E_e_G<-(1-pt(((n)*(1/2))*abs(colMeans(e_G)/s2_G),n-1))*2 #p-value of Expectation of error

title_98_normal_net<-data.frame(Regressand='Net Production',Regressor='with not Adjusted Temp.
and Prep.',Sample_size=n,row.names=c('[Regression_Title]")) #title

R2_of 98_normal_net<-data.frame(Normal=c(R2,R2_G),Adjusted=c(A_R2,A_R2_G),row.names=c('[
OLS_R_squared]','[GLS_R_squared]')) #R squared
F_of_98_normal_net<-data.frame(F_Test=c(p_V_F_f,p_V_F_{ G),Wald_Test=c(p_V_W_l,p_V_W_1_
G),row.names=c('[p-Value_OLS]','[p-Value_GLS]")) #F test
OLS_estimator_98_normal_net<-data.frame(Parameter_of_OLS=b,Finite_p_Value=p_V_t_f,Large_p_
Value=p_V_t_l,row.names=c('[const.]",'[X2]",'[X3]','[X4]",'[X5],'[X6]',[X7],'[X8]','[X9]))
#OLS_estimator
GLS_estimator_98_normal_net<-data.frame(Parameter_of_GLS=b_G,Finite_p_Value=p_V_t_f GLarg
e_p_Value=p_V_t_1_Grow.names=c('[const.]",'[X2]','[X3]",'[X4]','[X5],'[X6]','[X7],'[X8]','[X9]"))
#GLS_estimator
Test_of_Assumption_98_normal_net<-data.frame(White_Test=p_V_W,Exogeneity_OLS=p_V_E_e,Ex
ogeneity_GLS=p_V_E_e_Grow.names=c('[p-Value]')) #Test_of_Assumption
VIF_98_normal_net<-data.frame(const.=VIF_1,X2=VIF_2,X3=VIF_3,X4=VIF_4,X5=VIF_5,X6=VIF
_6,X7=VIF_7,X8=VIF_8,X9=VIF_9,row.names=c('[ VIF]")) #VIF

error_OLS_98_normal_net<-e #error term of OLS

error_GLS_98_normal_net<-e_G #error term of GLS

options(digits=3) #result
cat("¥n");title_98_normal_net;cat("¥n");R2_of 98_normal_net;F_of 98_normal_net;cat("¥n");OLS_es

timator_98_normal_net;GLS_estimator_98_normal_net;cat("¥n");Test_of_Assumption_98_normal_net
;VIF_98_normal_net;shapiro.test(error_OLS_98_normal_net);shapiro.test(error_GLS_98_normal_net)

<output >
Regressand Regressor Sample_size
[Regression_Title] Net Production with not Adjusted Temp. and Prep. 98
Normal Adjusted

[OLS_R_squared] 0.948 0.943
[GLS_R_squared] 0.948 0.943
F_Test Wald_Test

[p-Value_OLS] 0 0
[p-Value_GLS] 0 0

Parameter_of_OLS Finite_p_Value Large_p_Value
[const.] -3.2105 0.000219 1.08e-05
[X2] 0.0797 0.025869 2.04e-02
[X3] 0.1084 0.009892 8.30e-03
[X4] 0.9072 0.000000 0.00e+00
[X5] 0.0181 0.739842 7.43e-01
[X6] -0.3699 0.003858 1.46e-03
[X7] -0.1603 0.081354 4.78e-02
[X8] 0.3475 0.007541 6.91e-03
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[X9] 0.2594 0.068189 8.30e-03
Parameter_of_GLS Finite_p_Value Large_p_Value

[const.] -3.14899 0.000288 8.57e-06
[X2] 0.07371 0.039157 3.01e-02
[X3] 0.10682 0.011067 9.46e-03
[X4] 0.92261 0.000000 0.00e+00
[X5] 0.00632 0.907529 9.08e-01
[X6] -0.38079 0.003008 1.14e-03
[X7] -0.17098 0.063689 3.42e-02
[X8] 0.34031 0.008896 7.35e-03
[X9] 0.24954 0.079505 1.17e-02

White_Test Exogeneity_ OLS Exogeneity_GLS
[p-Value] 0.0854 1 0.55

constt. X2 X3 X4 X5 X6 X7 X8 X9

[VIF] 02.753.444.133.715.332.364.72 1.96

Shapiro-Wilk normality test

data: error_OLS_98 normal_net
W =0.989, p-value = 0.5733

Shapiro-Wilk normality test

data: error_GLS_98_normal_net
W =0.99, p-value = 0.666
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