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,QVKRUH�RIIVKRUH DQG VHDVRQDO VSDZQLQJ IRU WKH HXSKDXVLLGV

7� VSLQLIHUD DQG (� SDFLILFD DORQJ WKH 1HZSRUW +\GURJUDSKLF OLQH

7K\VDQRHVVD VSLQLIHUD VSDZQV DW RQ�VKHOI UHJLRQ H[FHSWLQJ GXULQJ HDUO\ ���� ZKHQ

HJJV ZHUH VSDZQHG RII�VKRUH ��� WR �� QP IURP WKH FRDVW SHUKDSV DVVRFLDWHG WR D FROG

SOXPH�� 6SDZQLQJ UHJLRQV RI WKLV VSHFLHV ZHUH XVXDOO\ DVVRFLDWHG WR WHPSHUDWXUHV �

��°&� (XSKDXVLD SDFLILFD VSDZQV LQ ERWK� RQ�VKHOI DQG RII�VKHOI UHJLRQ UHOHDVLQJ WKHLU

HJJV RYHU D PRUH ZLGHU WHPSHUDWXUH UDQJH �� WR ��°&�� 7HPSRUDO DQG VSDWLDO

GLVWULEXWLRQ RI HJJV DQG SXUSOH IHPDOHV UHDG\ WR VSDZQ �VWDJH ,9� KDG VLPLODU

GLVWULEXWLRQ IRU ERWK VSHFLHV� ,QVLGH WKH PDSV RI WKH GLVWULEXWLRQ RI WKH HJJV DUH VKRZQ

WKH SLFWXUHV RI MXVW VSDZQHG HJJV �VLQJOH FHOO VWDJH� IRU HDFK VSHFLHV�
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(XSKDXVLD SDFLILFD +DQVHQ ZHUH VWXGLHG XQGHU ODERUDWRU\ FRQGLWLRQV IURP VSHFLPHQV
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VXJJHVWLQJ WKDW WKH IRUPHU VSHFLHV H[SHQGV DERXW ��� WLPHV PRUH HQHUJ\ LQ UHSURGXFWLRQ�

$YHUDJH HJJ KDWFKLQJ VXFFHVV �(+6� ZDV ����� �Q �� EURRGV� IRU (� SDFLILFD DQG �����

�Q � EURRGV� IRU 7� VSLQLIHUD� +DWFKLQJ VXFFHVV IRU ERWK VSHFLHV VKRZHG YHU\ KLJK YDULDELOLW\

EHWZHHQ IHPDOHV� HYHQ ZKHQ WKH\ ZHUH FROOHFWHG DW WKH VDPH VWDWLRQ DQG LQFXEDWHG DW WKH
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UHSURGXFWLRQ IURP KHUELYRU\� ZKLOH WKH ODWWHU SHUKDSV DOVR GHSHQGV XSRQ RWKHU IRRG

UHVRXUFHV OLNH ]RRSODQNWRQ �FDUQLYRU\� RU PDULQH VQRZ� 7K\VDQRHVVD VSLQLIHUD LV D QHULWLF

VSHFLHV DQG XVXDOO\ VSDZQV LQ FRDVWDO UHJLRQV GXULQJ XSZHOOLQJ HYHQWV ZLWK KLJK &KO�D

FRQFHQWUDWLRQ� ZKLOH (� SDFLILFD XVXDOO\ LV HYHQO\ GLVWULEXWHG RYHU WKH FRQWLQHQWDO VKHOI DQG
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GLDPHWHU RI WKH HJJV IRU (� SDFLILFD ZDV ODUJHU ������
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7� VSLQLIHUD ZHUH VWLFN\ DQG XVXDOO\ DWWDFKHG WR WKH

ERWWRP RI WKH ERWWOHV GXULQJ LQFXEDWLRQV� 7KH VL]H RI
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ZHUH ODUJHU IRU H[SHULPHQWV GRQH GXULQJ ���� WKDQ GXULQJ WKH

SUHYLRXV WZR \HDUV ����� 	 ������ 8VXDOO\ GXULQJ WKH FUXLVHV RI
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7KHRUHWLFDO FRQVLGHUDWLRQV� 7KHUH LV DQ XQVWDWHG DVVXPSWLRQ LQ SDVW

DWWHPSWV WR PHDVXUH IHFXQGLW\ WKDW WKH R|F\WHV SUHVHQW LQ WKH RYDU\

HTXDO DOO HJJV WKH HJJV WKH IHPDOH ZLOO SURGXFH WKDW VHDVRQ� $QRWKHU

FRPPRQ DVVXPSWLRQ LV WKDW VRPH RI WKH VPDOO R|F\WHV LQ WKH RYDU\ DUH

QHYHU UHOHDVHG� EXW DUH UHDEVRUEHG DIWHU RQH VSDZQLQJ HSLVRGH� 7KRVH

DVVXPSWLRQV DSSDUHQWO\ VXE�HVWLPDWHG IHFXQGLW\ RI WKH HXSKDXVLLG

EHFDXVH D IHPDOH FDQ SURGXFH VHYHUDO EURRGV ZLWKLQ D UHSURGXFWLYH

VHDVRQ�

$FFRUGLQJ WR 5RVV HW DO� ������ LI WKHUH LV QRW V\QFKURQ\ LQ WKH

VSDZQLQJ RI LQGLYLGXDO IHPDOHV DQG DOO IHPDOHV DUH IHUWLOH� WKH

SURSRUWLRQ RI SXUSOH IHPDOH �VWDJH ,9� LQ WKH SRSXODWLRQ WKDW UHOHDVH

HJJV LQ D �� K SHULRG LV HTXLYDOHQW WR WKH GDLO\ IUHTXHQF\ ZLWK ZKLFK DQ

LQGLYLGXDO IHPDOH UHOHDVHV HJJV� 7KH LQYHUVH RI WKLV IUHTXHQF\ LV WKH

LQWHUYDO LQ GD\V EHWZHHQ EURRGV �'�� 7KH DYHUDJH SURSRUWLRQ RI WKH

SXUSOH IHPDOHV �VWDJH ,9� RI (XSKDXVLD SDFLILFD LQ WKH IHPDOH

SRSXODWLRQ GXULQJ WKH UHSURGXFWLYH VHDVRQ ��������� DORQJ WKH 1+�

OLQH ZDV S  ������ ZKLFK LV HTXLYDOHQW WR DQ LQWHUYDO RI a ��� GD\V

EHWZHHQ EURRGV �DVVXPLQJ D ELQRPLDO GLVWULEXWLRQ ZLWK D PHDQ HTXDO

WR S �µ S� RU ;�1� DQG D VWDQGDUG GHYLDWLRQ σ  √S���S��1�� 7KH
IHFXQGLW\� WKH DPRXQW RI HQHUJ\ RI PDWHULDO DQ LQGLYLGXDO LQYHVW RYHU D

OLIH VSDQ FDQ EH FDOFXODWHG IURP SUHVHUYHG VDPSOHV LI ZH KDYH D

UHOLDEOH HVWLPDWLRQ RI WKH SURSRUWLRQ RI IHPDOHV VWDJH ,9 LW LV SRVVLEOH WR

KDYH DQ HVWLPDWLRQ RI WKH LQWHUYDO EHWZHHQ EURRGV XVLQJ SUHVHUYHG

VDPSOHV�

)  ( �7�'�

:KHUH ) LV IHFXQGLW\ H[SUHVVHG DV HJJV SHU UHSURGXFWLYH VHDVRQ

(  QXPEHU RI HJJV SHU EURRG �HJJ EURRG���

7  OHQJWK RI WLPH GXULQJ VSDZQLQJ VHDVRQ ZKHQ EURRG LQWHUYDO ZDV

YDOLG �GD\V�

'  ,QWHUYDO LQ GD\V EHWZHHQ EURRGV LQ GD\V �' ��S�

8VLQJ DYDLODEOH ODERUDWRU\ DQG ILHOG LQIRUPDWLRQ ZH HVWLPDWHG WKH

IHFXQGLW\ RI (� SDFLILFD LQ WKH 2UHJRQ XSZHOOLQJ V\VWHP� 7KH DYHUDJH

EURRG VL]H� HVWLPDWHG XQGHU ODERUDWRU\ FRQGLWLRQV� LV ����� HJJV EURRG�

� �Q ��� EURRGV� GXULQJ ���� WR ���� SHULRG� 7KH GXUDWLRQ RI WKH

VSDZQLQJ VHDVRQ GXULQJ ���� �VDPSOHG HYHU\ WZR ZHHNV� ZDV IURP

HDUO\ 0DUFK WR HDUO\ 1RYHPEHU ���� GD\V�� WKH DYHUDJH SURSRUWLRQ RI

SXUSOH IHPDOHV GXULQJ WKH UHSURGXFWLYH VHDVRQ ZDV S ������� ZKLFK LV

DQ LQWHU�EURRG SHULRG RI ��� GD\V ���S�� WKHUHIRUH WKH IHFXQGLW\ LV�

)  ����� ���� G���� G�  ���� HJJV SHU IHPDOH SHU UHSURGXFWLYH

VHDVRQ  ��� HJJV IHP�� PR��� RU �� HJJV IHP�� G��

5RVV HW DO� ������ UHSRUWHG VLPLODU IHFXQGLWLHV IRU WKLV VSHFLHV� VPDOO
IHPDOHV � �� PP ���� HJJV PR��� ODUJH IHPDOHV ���� HJJ PR���

(VWLPDWLQJ WKH IHFXQGLW\ �HJJV IHP�� G��� RI
(XSKDXVLD SDFLILFD IURP EURRG VL]H DQG

SURSRUWLRQ RI SXUSOH IHPDOHV LQ WKH SRSXODWLRQ

5HIHUHQFHV

'LOOLQJ /� :LOVRQ -� 6WHLQEHUJ '� $OOGUHGJH $� ����� )HHGLQJ E\ WKH HXSKDXVLLG
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