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7KLV SDSHU GHVFULEHV WKH PHWKRG RI WKH VRODU HQHUJ\ VLPXODWLRQ DV RQH RI WKH WRSRJUDSKLF DQDO\VHV IRU UDLQIRUHVW
HQYLURQPHQWDO PRQLWRULQJ� $OPRVW RI DOO WKH UDGLDWLRQ HQHUJ\ RQ WKH HDUWK LV IURP VRODU UDGLDWLRQ HQHUJ\� 7KH
SKRWRV\QWKHVLV WKDW SODQW OHDYHV UHFHLYH WKH IRUP RI HQHUJ\ IURP WKH VXQ LV LQGLVSHQVDEOH IRU WKH JURZWK SURFHVV�
+RZHYHU� LW LV GLIILFXOW WR PHDVXUH DQG LQWHUSUHW WKH DPRXQW RI VRODU UDGLDWLRQ HQHUJ\ LQ ODUJH DUHDV DQG GXULQJ ORQJ WLPH
SHULRGV EHFDXVH RI WKH PRYHPHQW RI WKH VXQ� WRSRJUDSKLF HIIHFWV DQG REVHUYDWLRQ SRLQWV HWF� ,Q WKLV VWXG\� WKH PHWKRG
KRZ WR VLPXODWH VRODU HQHUJ\ ZDV SURSRVHG WKURXJK WRSRJUDSKLF DQDO\VLV XVLQJ D PXOWL�WHPSRUDO VKDGHG UHOLHI LPDJHV
GDWD VHW JHQHUDWHG E\ '(0� $OVR� WKH VSDWLDO GLVWULEXWLRQ DQG VHDVRQDO FKDQJHV RI WKH VLPXODWHG VRODU HQHUJ\ DPRXQW
FDXVHG E\ WKH WRSRJUDSKLF HIIHFWV ZHUH FODULILHG IRU XQGHUVWDQGLQJ WKH HQYLURQPHQWDO G\QDPLFV LQ UDLQIRUHVW�

� ,1752'8&7,21

9DULRXV PHWHRURORJLFDO DQG JHRPRUSKRORJLF IDFWRUV HWF� LQIOXHQFH LQWR WKH JURZWK SURFHVVHV RI IRUHVW SODQWV� (VSHFLDOO\�
WKH VRODU UDGLDWLRQ HQHUJ\ WKDW SODQW OHDYHV GLUHFWO\ UHFHLYH LV LQGLVSHQVDEOH IRU WKH SKRWRV\QWKHVLV� ,W LV LPSRUWDQW WR
NQRZ WKH VHDVRQDO FKDQJH RI WKH VXQ DQG WR REWDLQ WKH DPRXQW RI VRODU HQHUJ\ IRU XQGHUVWDQGLQJ WKH SURGXFWLRQ
DFWLYLWLHV DQG G\QDPLFV RI SODQWV� +RZHYHU� WKH VRODU HQHUJ\ DPRXQW� ZKLFK WKH WRSRJUDSKLF VXUIDFH UHFHLYHV� GHSHQGHQW
XSRQ WKH VXQ DOWLWXGH� D]LPXWK� WRSRJUDSKLF HIIHFWV DQG DWPRVSKHUH FRQGLWLRQV RYHU D ODUJH DUHD�

,Q WKLV VWXG\� WKH VLPXODWLRQ RI VRODU HQHUJ\ DPRXQW XVLQJ 'LJLWDO (OHYDWLRQ 0RGHO �'(0� ZDV FDUULHG RXW IRFXVLQJ RQ D
JHRPHWULF UHODWLRQ EHWZHHQ VXQOLJKW DQG WRSRJUDSKLF VXUIDFH� $OVR� WKH UHODWLRQVKLS EHWZHHQ WKH VHDVRQDO FKDQJH RI WKH
VLPXODWHG VRODU HQHUJ\ DPRXQWV DQG WKH WRSRJUDSKLF HIIHFWV
�VORSH� DVSHFW� ZDV H[DPLQHG�

� 678'< $5($ $1' '(0

7KH VWXG\ DUHD LV .XEDK 1DWLRQDO 3DUN� 6DUDZDN� 0DOD\VLD�
ZKLFK LV FRYHUHG ZLWK UDLQIRUHVW� ,W LV DQ DUHD RI ��NP [ �NP�
IURP QRUWK WR VRXWK DQG HDVW WR ZHVW GLUHFWLRQ UHVSHFWLYHO\� 7KH
ODWLWXGH DQG ORQJLWXGH RI WKH VRXWKZHVW FRUQHU DUH ����
 �� 1
DQG �����
 ��� ( UHVSHFWLYHO\ �ILJXUH ��� 7KH '(0 �ILJXUH ��
XVHG IRU WKLV VWXG\ ZDV EDVHG RQ DQ H[LVWLQJ WRSRJUDSKLF PDS
ZLWK ������� VFDOH� DQG JHQHUDWHG E\ PHDVXULQJ HDFK HOHYDWLRQ
YDOXH RI ��P LQWHUYDO RQ WKH WRSRJUDSKLF PDS� 7KH PLQLPXP
HOHYDWLRQ LV DERXW �PHWHUV� DQG WKH PD[LPXP LV DERXW
���PHWHUV�

)LJXUH �� 6WXG\ DUHD )LJXUH �� ��P '(0
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� 0(7+2'6

)LJXUH � VKRZV WKH IORZFKDUW RI WKLV VWXG\� 7KH VLPXODWLRQ RI VRODU HQHUJ\ ZDV EDVHG RQ D PXOWL�WHPSRUDO VKDGHG UHOLHI

LPDJHV GDWD VHW� 7KH OHIW SDUW RI WKLV ILJXUH VKRZV JHQHUDWLQJ WKH PXOWL�WHPSRUDO VKDGHG UHOLHI LPDJHV GDWD VHW� DQG WKH

ULJKW SDUW VKRZV WKH VWHS RI VLPXODWLQJ GDLO\ DQG DQQXDO VRODU HQHUJ\ DPRXQW�

��� *HQHUDWLRQ RI 0XOWL�7HPSRUDO 6KDGHG 5HOLHI ,PDJH 'DWD 6HW

,Q WKLV SDUDJUDSK� WKH KLOO VKDGLQJ DOJRULWKP DQG WKH FRPSXWDWLRQ RI VXQ DOWLWXGH DQG D]LPXWK DUH H[SODLQHG� 7KH PRGHO

RI WKH KLOO VKDGLQJ LV LOOXVWUDWHG LQ ILJXUH ��

7KH HIIHFW RI KLOO VKDGLQJ LV GHILQHG DV FRVLQH RI WKH

DQJOHTT EHWZHHQ VXUIDFH QRUPDO YHFWRU DQG LQFLGHQW

OLJKW YHFWRU ZLWK WKH DVVXPSWLRQ WKDW WKH HDUWK
V VXUIDFH

LV D SHUIHFW GLIIXVHU �6� 0XUDL� ������ 7KH FRVLQHTT LV

VKRZQ DV GDUNQHVV DQG EULJKWQHVV E\ WKH UHIOHFWDQFH RI
LQFLGHQW OLJKW IURP WKH VXQ�

$ VXUIDFH QRUPDO YHFWRU Q FDQ EH LQWURGXFHG E\ WKH

'(0� $QG� DQ LQFLGHQW OLJKW YHFWRU V LV VKRZQ E\ VXQ

DOWLWXGHMM DQG VXQ D]LPXWK $V �(56$6� ,QF�� ������

,QFLGHQW VXQ DQJOH �MM� $V� FDQ EH FDOFXODWHG E\ XVLQJ

VRODU FDOHQGDU RI 
6FLHQFH &KURQRORJLFDO 7DEOH ����


�<� 2JXUD� ������

7KH VXQ DOWLWXGH DQJOH IRU WKH VHOHFWHG WLPH SHULRGV FDQ EH FDOFXODWHG E\ GHFOLQDWLRQ ZKLFK LV VKRZQ LQ 
6FLHQFH

&KURQRORJLFDO 7DEOH ���� �VRODU FDOHQGDU�
� WKH ODWLWXGH RI WKH SRLQW LQ DQ REMHFW DUHD DQG KRXU DQJOH� 7KH VXQ DOWLWXGH

DQJOH LV GHILQHG DV�

VLQMM VLQbbVLQPP� FRVbbFRVPPFRV K ���

ZKHUH MM� VXQ DOWLWXGH DQJOH�bb� ODWLWXGH�PP� GHFOLQDWLRQ� K� KRXU DQJOH

7KH KRXU DQJOH K LV GHILQHG E\ WKH WLPH GLIIHUHQFH KRZ PDQ\ KRXUV SDVVHG IURP WKH QRRQ RI ORFDO WLPH� :KHQ WKH VXQ LV

ORFDWHG GXH VRXWK� WKH KRXU DQJOH LV GHILQHG DV ]HUR GHJUHH� 7KH HDUWK URWDWHV DW �� GHJUHHV LQ RQH KRXU� WKH KRXU DQJOH K

LV GHILQHG IURP�

K  ��� Õ �W � ��� ���

ZKHUH W � ORFDO WLPH

7RSR�0DS

��������

��P *ULG

'(0

0XOWL�WHPSRUDO

6KDGHG 5HOLHI ,PDJHV

'DWD 6HW �D�P

�S�P

$YHUDJH RI 6XQOLJKW 5HIOHFWDQFH � 'D\

6LPXODWLQJ 6RODU (QHUJ\ $PRXQW � 'D\

6LPXODWLQJ 6RODU (QHUJ\ $PRXQW � <HDU6ORSH

$VSHFW
+LOO 6KDGLQJ

$OJRULWKP

6RODU &RQWUDVW

,QVRODWLRQ WLPH

HWF�

)LJXUH �� )ORZFKDUW RI WKLV VWXG\
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)LJXUH �� 0RGHO RI WKH KLOO VKDGLQJ

Yamashita, Megumi

International Archives of Photogrammetry and Remote Sensing. Vol. XXXIII, Part B7. Amsterdam 2000.1724



7KH VXQ D]LPXWK $V FDQ EH FDOFXODWHG IURP WKH ODWLWXGH � ORQJLWXGH� KRXU DQJOH DQG GHFOLQDWLRQ� 7KH HTXDWLRQ RI VXQ

D]LPXWK LV GHILQHG DV IROORZV�

$V
  WDQ�� ^VLQ K� � WDQPPFRVbb� VLQbbFRV K �` ���

ZKHUH � ,I $V
 LV QHJDWLYH DQG K � �� $V  � $V


,I $V
 LV SRVLWLYH DQG K � �� $V  ��� � $V


,I $V
 LV QHJDWLYH DQG K ! �� $V  ��� � $V


,I $V
 LV SRVLWLYH DQG K ! �� $V  ��� � $V


,Q RUGHU WR JHQHUDWH WKH PXOWL�WHPSRUDO VKDGHG UHOLHI LPDJHV GDWD VHW� RQH VSHFLILF GD\ RI HYHU\ PRQWK ZDV VHOHFWHG DV D

UHSUHVHQWDWLYH GD\� 7KH YHUQDO HTXLQR[ GD\� VXPPHU VROVWLFH GD\� DXWXPQDO HTXLQR[ GD\� DQG ZLQWHU VROVWLFH GD\ ZHUH
LQFOXGHG DPRQJ WKH WZHOYH UHSUHVHQWDWLYH GD\V�

)RU HDFK UHSUHVHQWDWLYH GD\� WKH VXQ DOWLWXGH DQG D]LPXWK ZHUH FDOFXODWHG DW WKLUW\ PLQXWH LQWHUYDOV GXULQJ WKH UDQJH

IURP � $0 WR � 30 ORFDO WLPH�

8VLQJ '(0 DQG UHVSHFWLYH FDOFXODWHG LQFLGHQW DQJOH �MM� $V� � WRWDOO\ WZHQW\�WKUHH RU WZHQW\�ILYH VKDGHG UHOLHI LPDJHV

LQ HDFK UHSUHVHQWDWLYH GD\ ZHUH JHQHUDWHG EHFDXVH WKH VXQ DOWLWXGH MM LV XQGHU ]HUR DW �$0 DQG �30 RQ VRPH

UHSUHVHQWDWLYH GD\V�

)LJXUH � VKRZV ILYH VKDGHG UHOLHI LPDJHV RI VXPPHU VROVWLFH GD\ �-XQ������� DV DQ H[DPSOH�

��� 6LPXODWLRQ RI 6RODU (QHUJ\ $PRXQW

(DFK FHOO YDOXH RI WKH PXOWL�WHPSRUDO VKDGHG UHOLHI LPDJHV LQGLFDWH WKH UHIOHFWDQFH IURP WKH VXQ DW D UHVSHFWLYH WLPH RQ

WKH VXSSRVLWLRQ WKDW WKH VXUIDFH LV D SHUIHFW GLIIXVHU DQG DWPRVSKHULF LQIOXHQFH LV QRW WDNHQ LQWR DFFRXQW� 7KHUHIRUH� RQ D

JLYHQ GD\� LW LV SRVVLEOH WR HVWLPDWH WKH DPRXQW RI VRODU HQHUJ\ WKH VXUIDFH UHFHLYHV E\ XVLQJ LQVRODWLRQ WLPH DQG VRODU

FRQWUDVW�

7KH IROORZLQJV DUH WKH VWHSV RI VRODU HQHUJ\ DPRXQW VLPXODWLRQ�

6WHS �� &DOFXODWLRQ RI WKH GDLO\ DYHUDJH UHIOHFWDQFH IURP WZHQW\�ILYH VKDGHG UHOLHI LPDJHV LQ HDFK UHSUHVHQWDWLYH GD\

6WHS �� &DOFXODWLRQ RI WKH VRODU HQHUJ\ DPRXQWV SHU HDFK UHSUHVHQWDWLYH GD\ E\ PXOWLSO\LQJ VRODU FRQWUDVW� WKH LQYHUVH

VTXDUH RI WKH GLVWDQFH EHWZHHQ WKH VXQ DQG WKH HDUWK� DQG LQVRODWLRQ WLPH WR HDFK WKH DYHUDJH UHIOHFWDQFH

6WHS �� $FFXPXODWLRQ RI DOO WKH VRODU HQHUJ\ DPRXQWV SHU GD\V LQ D \HDU

$GGLWLRQDO GHWDLOV DERXW 6WHS � DUH GHVFULEHG DV IROORZV�

7KH VRODU FRQWUDVW� ZKLFK LV REWDLQHG E\ LQWHJUDWLQJ WKH VSHFWUDO LUUDGLDQFH IRU DOO ZDYHOHQJWK UHJLRQV� LV QRUPDOO\ WDNHQ

DV ���� N:P�� ����� N-P��V���� ,Q WKLV VWXG\� LQ RUGHU WR DSSO\ IRU '(0 ZLWK ��P LQWHUYDO ���P [ ��P�� WKH VRODU

FRQWUDVW ZDV FRQYHUWHG WR WKH VRODU HQHUJ\ XQLW PHVK SHU KRXU DV ����� [ ��� - � PHVK� KRXU�

7KH HDUWK RUELWV DURXQG WKH VXQ HOOLSWLFDOO\� 7KH GLVWDQFH EHWZHHQ WKH VXQ DQG WKH HDUWK FKDQJHV VHDVRQDOO\� DQG VRODU

HQHUJ\ DOVR FKDQJHV� )RU WKLV UHDVRQ� HDFK LQYHUVH VTXDUH RI WKH GLVWDQFH EHWZHHQ WKH VXQ DQG WKH HDUWK �DYHUDJH

GLVWDQFH � UHDO GLVWDQFH�� RI HYHU\ UHSUHVHQWDWLYH GD\ LV PXOWLSOLHG WR WKH VRODU FRQWUDVW�

$V IRU LQVRODWLRQ WLPH� WKH VXQ DOWLWXGH DQJOH LV ]HUR DW WKH WLPH RI WKH VXQVHW DQG VXQULVH� :KHQ MM �� HTXDWLRQ ���

EHFRPHV DV IROORZV�

��VLQbb�FRVbb�
�VLQPP�FRVPP�  FRV K ���

IURP HTXDWLRQ ����

6XQULVH 7LPH� W  �� � �K����� 6XQVHW 7LPH� W  �� � �K ���� ���

(TXDWLRQ ��� DQG ��� LQWURGXFH WKH LQVRODWLRQ WLPH RI HDFK UHSUHVHQWDWLYH GD\�

8a.m 10a.m 12p.m 14p.m 16p.m

)LJXUH �� 6KDGHG UHOLHI LPDJHV �-XQ����
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)LJXUH �� 6ORSH � &ODVVHV )LJXUH ��� $VSHFW � FODVVHV

� 5(68/76 $1' ',68&866,21

��� 6RODU (QHUJ\ $PRXQW

)LJXUH � VKRZV WKH UHVXOWV RI GDLO\ VLPXODWHG VRODU HQHUJ\ DPRXQW GXULQJ WKH PHQWLRQHG UDQJH IURP � $0 WR � 30 RQ

HDFK WZHOYH UHSUHVHQWDWLYH GD\�

$FFRUGLQJ WR ILJXUH �� WKH DPRXQW RI WKH GLIIHUHQFH RI

VRODU HQHUJ\ LV WKH ODUJHVW GXULQJ WKH WLPH SHULRG

EHWZHHQ -XQ��� DQG 'HF��� �VXPPHU DQG ZLQWHU

VROVWLFH GD\V�� 2Q WKH RWKHU KDQG� WKH DPRXQW RI WKH

GLIIHUHQFH LV WKH OHDVW EHWZHHQ 0DU��� DQG 6HS���

�YHUQDO DQG DXWXPQDO HTXLQR[ GD\V��

7KH JUDSK VKRZQ LQ ILJXUH � LV WKH DYHUDJH DPRXQW RI VRODU

HQHUJ\ LQ WKH ZKROH VWXG\ DUHD XVLQJ DFFXPXODWHG GDWD SHU

HDFK UHSUHVHQWDWLYH GD\�

)URP ILJXUH �� WKH VXUIDFH DUHD LQ ZKROH UHFHLYHV WKH ODUJHVW DPRXQW RI VRODU

HQHUJ\ LQ )HEUXDU\ DQG WKH OHDVW DPRXQW LV LQ 'HFHPEHU�

7KH DQQXDO VLPXODWHG VRODU HQHUJ\ DPRXQW LV VKRZQ LQ ILJXUH �� 2Q ILJXUH ��

LW FDQ EH LGHQWLILHG WKDW WKH ODUJHVW DPRXQW DUHD LV LQ IODW DUHD� $QG DOVR� WKH

GLIIHUHQFH RI WKH PD[LPXP DQG PLQLPXP DPRXQWV RI VRODU HQHUJ\ LV DERXW

��[����-�PHVK�\HDU�

��� 6LPXODWHG 6RODU (QHUJ\ $PRXQW DQG 7RSRJUDSKLF (IIHFWV

7KLV VWXG\ DUHD LV ORFDWHG QHDU WKH (TXDWRU� 7KH VXQ LUUDGLDWHV WKH QRUWK

VORSH DUHD DW WKH QRRQ LQ WKH SHULRG IURP WKH YHUQDO HTXLQR[ GD\ �0DU���� WR

DXWXPQDO HTXLQR[ GD\ �6HS����� LQ FRQWUDVW� LUUDGLDWHV WKH VRXWK VORSH DUHD

IURP WKH RSSRVLWH GLUHFWLRQ LQ WKH SHULRG IURP DXWXPQDO HTXLQR[ GD\ WR

YHUQDO HTXLQR[ GD\� 6LPLODUO\� WKH VRODU

HQHUJ\ DPRXQW FKDQJHV DW YDULRXV
WRSRJUDSKLF VXUIDFHV VHDVRQDOO\� +HUH�

WKH VHDVRQDO FKDQJH DQG GLIIHUHQFH RI

WKH VRODU HQHUJ\ DPRXQWV DUH FODULILHG

E\ WKH UHODWLRQVKLS EHWZHHQ WRSRJUDSKLF

HIIHFWV �VORSH�DVSHFW� DQG VLPXODWHG

VRODU HQHUJ\ DPRXQWV RI WZHOYH

UHSUHVHQWDWLYH GD\V�

7KH VORSH DQG DVSHFW IRU HDFK FHOO ZHUH

LQWURGXFHG IURP '(0� 7KH VORSH ZDV

FODVVLILHG WR � FODVVHV LQ HYHU\ � GHJUHHV

H[FHSW IODW DUHD �ILJXUH ��� 7KH DVSHFW

ZDV FODVVLILHG WR � FODVVHV H[FHSW IODW
DUHD �ILJXUH ���� 7KH ULJKW GHVFULSWLRQ LQ

Jan21 Feb20 Mar21 Apr21 May21 Jun21

Jul21 Aug22 Sep23 Oct22 Nov22 Dec22

10       20       30       40       50       60       70       80       90       100
(109J/mesh/day)

)LJXUH �� 'DLO\ VLPXODWHG VRODU HQHUJ\ DPRXQW
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)LJXUH �� $YHUDJH VRODU HQHUJ\ DPRXQW SHU GD\

LQ ZKROH VWXG\ DUHD

èUnits:109 J/mesh/year)
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)LJXUH �� $QQXDO VLPXODWHG

VRODU HQHUJ\ DPRXQW
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)LJXUH ��� $YHUDJH RI �� GDLO\ VRODU HQHUJ\ DPRXQWV DW HDFK VORSH FODVV LQ HDFK DVSHFW FODVV
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)LJXUH ��� 6WDQGDUG 'HYLDWLRQ RI �� GDLO\ VRODU HQHUJ\ DPRXQWV DW HDFK VORSH FODVV LQ HDFK DVSHFW FODVV

HDFK ILJXUH LV WKH OHJHQG RI FODVVLILFDWLRQ� 7ZR FODVVLILHG LPDJHV ZHUH FRPELQHG DQG WKHQ �� FRPELQDWLRQV RI HDFK

DVSHFW DQG VORSH FODVVHV DQG IODW DUHD ZHUH UHFODVVLILHG�

7KHVH JUDSKV VKRZQ LQ ILJXUH �� DUH WKH VHDVRQDO FKDQJHV RI VRODU HQHUJ\ DPRXQWV DW HDFK VORSH FODVV LQ HDFK DVSHFW

FODVV ��� FRPELQDWLRQV RI � DVSHFW FODVVHV DQG � VORSH FODVVHV�� )LJXUH �� DQG �� VKRZ WKH JUDSKV RI WKH DYHUDJH DQG

VWDQGDUG GHYLDWLRQ RI WZHOYH GDLO\ VRODU HQHUJ\ DPRXQWV DW HYHU\ �� FRPELQHG FODVVHV UHVSHFWLYHO\� 7KH VWDQGDUG

GHYLDWLRQ RI VRODU HQHUJ\ LQGLFDWHV WKH VHDVRQDO GLIIHUHQFH�

Units:
degrees
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)URP ILJXUH ��� �� DQG ��� VRPH IROORZLQJV DERXW WKH UHODWLRQVKLS EHWZHHQ WKH VRODU HQHUJ\ DPRXQWV DQG WKH

WRSRJUDSKLF HIIHFWV DUH VXPPDUL]HG�

�� ,Q QRUWK RU VRXWK DVSHFW DQG YHU\ VWHHS VORSH �PRUH WKDQ �� GHJUHHV� VXUIDFHV� WKH VHDVRQDO FKDQJH DQG GLIIHUHQFH RI

VRODU HQHUJ\ DPRXQWV DUH ODUJHU� DQG WKH DYHUDJH LV ORZHU� +RZHYHU� WKH VRODU HQHUJ\ DPRXQWV RQ VXPPHU DQG ZLQWHU

VROVWLFH GD\ �-XQ��� DQG 'HF���� DUH WHPSRUDOO\ ODUJHU�

�� ,Q HDVW DQG ZHVW DVSHFW VXUIDFHV� WKH VHDVRQDO FKDQJH RI VRODU HQHUJ\ DPRXQWV LV VWHDG\� DQG WKH GLIIHUHQFH LV D OLWWOH�

$V WKLV UHDVRQ� LW LV VXSSRVHG WKDW WKH VXQ FRQVWDQWO\ LUUDGLDWHV WKH HDVW DQG ZHVW DVSHFW VXUIDFHV LQ HYHU\ PRUQLQJ DQG

HYHQLQJ�

�� ,Q HYHU\ DVSHFW VXUIDFHV� WKH DYHUDJH VRODU HQHUJ\ DPRXQW GHFUHDVHV DV WKH VORSH EHFRPHV VWHHS�

� &21&/86,216

$V RQH RI DSSURDFKHV WR XQGHUVWDQGLQJ WKH HQYLURQPHQWDO G\QDPLFV RI UDLQIRUHVW� WKH PHWKRG KRZ WR VLPXODWH VRODU

HQHUJ\ ZDV SURSRVHG E\ XVLQJ PXOWL�WHPSRUDO VKDGHG UHOLHI LPDJHV GDWD VHW JHQHUDWHG E\ '(0�

7KURXJK WKLV VWXG\� WKH VSDWLDO GLVWULEXWLRQ RI GDLO\ DQG DQQXDO VRODU HQHUJ\ DPRXQWV DQG WKH VHDVRQDO FKDQJH ZHUH

FODULILHG�

$V WKH RWKHU DSSOLFDWLRQV� LW LV SURSRVHG WKDW WKH PHWKRG RI VRODU HQHUJ\ VLPXODWLRQ VKRXOG EH DSSOLHG WR WKH RWKHU

ODQGXVH �FRYHU DUHDV� IRU H[DPSOH FXOWLYDWLQJ DUHD� LQ FRPSOH[ WHUUDLQ� $OVR� WKH VRODU HQHUJ\ DPRXQWV VLPXODWHG E\ WKLV

PHWKRG FRXOG EH RQH RI WKH JHRJUDSKLFDO LQGH[HV IRU UHFRJQL]LQJ ODQG FRQGLWLRQ�

,Q WKH IXWXUH� WKH UHODWLRQVKLS DPRQJ WKH VLPXODWHG VRODU HQHUJ\ DPRXQWV� YDULRXV UHPRWHO\ VHQVHG VDWHOOLWH GDWD DQG WKH

UHDO RQ�VLWH FRQGLWLRQV DW JURXQG OHYHO ZLOO EH H[DPLQHG�

7KLV VWXG\ ZDV SHUIRUPHG ZLWK WKH VXSSRUW RI *UDQW�LQ�$LG IRU &UHDWLYH %DVLF 5HVHDUFK LQ 
 $Q LQWHJUDWLYH VWXG\ RQ
ELRGLYHUVLW\ FRQVHUYDWLRQ XQGHU JOREDO FKDQJH DQG ELR�LQYHQWRU\ PDQDJHPHQW V\VWHP
 RI 7KH 0LQLVWU\ RI (GXFDWLRQ�

6FLHQFH� 6SRUWV DQG &XOWXUH DQG 
0HFKDQLVPV RI $WPRVSKHUH�(FRVSKHUH ,QWHUDFWLRQ LQ 7URSLFDO )RUHVW &DQRS\
 RI &RUH

5HVHDUFK IRU (YROXWLRQDO 6FLHQFH DQG 7HFKQRORJ\ �&5(67� 3URMHFW E\ WKH -DSDQ 6FLHQFH DQG 7HFKQRORJ\ &RUSRUDWLRQ�

5()(5(1&(6

<$0$6+,7$� 0�� <26+,'$� 7�� <26+,085$� 0� DQG 1$.$6+,=8.$� 7�� ����� $SSOLFDWLRQ RI 7RSRJUDSKLF

$QLPDWLRQ IRU 6RODU (QHUJ\ 6LPXODWLRQ� ,Q� ,QWHUQDWLRQDO $UFKLYHV RI 3KRWRJUDPPHWU\ DQG 5HPRWH 6HQVLQJ� 2QXPD�

-DSDQ� 9RO� ;;;,,�3DUW���:��� SS���������

<RVKLPLWVX 2JXUD� ����� *HQHUDO 0HWHRURORJ\� 7RN\R 8QLYHUVLW\ 3UHVV� -DSDQ� SS���������

1DWLRQDO $VWURQRPLFDO 2EVHUYDWRU\ -DSDQ� ����� 6FLHQFH &KURQRORJLFDO 7DEOH ����� 0DUX]HQ� -DSDQ� SS������

6KXQML 0XUDL� ����� *,6 :RUN%RRN� -DSDQ $VVRFLDWLRQ RI 6XUYH\RUV� -DSDQ� SS���������

(5'$6� ,QF�� ����� (5'$6 ),(/' *8,'(� 86$� SS���������
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