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MESSAGE

I am happy to know that Silviculturist, Assam, Environment and Forests
Department is going to publish a report on “Quantification and Valuation of Forest
Ecosystem Services for Garbhanga Reserved Forest (2023-24)". This meticulous
work highlights the invaluable services our forests provide and offers a
comprehensive economic valuation of these benefits.

The report showcases how Garbhanga Reserved Forest plays a crucial role in
water retention, carbon sequestration, and climate regulation, among other
ecosystem services, and it emphasizes the importance of factoring these
contributions into Assam's Gross State Domestic Product (GSDP). Such insightful
findings will greatly aid our efforts in sustainable forest management and help guide
policy decisions that balance economic development with ecological preservation.

1 commend the team’s dedication in aligning this study with global
frameworks, ensuring its scientific perspective and relevance. It is through such
initiatives that we can build a future where our forests continue to thrive, benefiting
both nature and the people of Assam. This report will serve as a valuable tool in our
shared mission of forest conservation and sustainable development.

I extend my sincere appreciation to everyone involved in the preparation of

the report. I hope that the report will be appreciated as a ready reckoner by all forest
enthusiasts, including students, scholars and researchers.

{cmram;n

Room No. 201, 'Janata Bhawan', Block 'F', 2nd Floor, Dispur, Guwahati-781 008, Kamrup (M) Assam, India
(2} 0361-2237014 @ cmpatowary02@gmail.com, cmpatowaryoffce @gmail. com
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GCOVERNMENT OF ASSAM
OFFICE OF THE PRINCIPAL CHIEF CONSERVATOR OF FORESTS &
HEAD OF FOREST FORCE, ASSAM
ARANYA BHAWAN, PANJABARI :: GUWAHATI-7

Phone No. (0f) 0361-2333252 Fax No. 0361-23337386
E-Mail: hoff-assami gov.in

Sandrep Kumar, IFS
FPrincipal Chief Conservater of Farests &
Femd of Forest Force, Assam

Messape

| am delighted ro congratulate the entire team led by the Silviculturist, Assam on the succeasful
completion of the pilot project on “Cluantification and Valustion of Forest Ecosysiem Services
for Garbhanga Reserved Forest,” This repont is a landmark achievement, showcasing the
mmmense valie of our forests not only n terms of biodiversily but also 25 a key economic
rescurce for Assam.

Ome of the most exciting aspeets of this is the *Carbon estimation’, which has great potential
in carbon trading. With accurate data and reliable models, this report sets a benchmark for
future assessmentz of Carbon and other ecosystem services, guiding gimilar efforts in reserved
forests, plantations & Protected Arcas deross the state.

Thi dedication and teamwork have produced a report that strengthens our abibity o make
appropriate decisions for sustainable forest management. [ am confident that this work will
inspire similar projects throughout the department, ensuring that Assam’s [lorests are
recagnized for all the benefits they bring to our environment and economy.

I thank all the officers involved in the project for their hard work and commitment. The project
repart will provide suitable puidance on forest coosystem scrvice valuation and carbon trading.
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OFFICE OF THE PRINCIPAL CHIEF CONSERVATOR OF FORESTS &
HEAD OF FOREST FORCE, ASSAM
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E-Mail: stalecnmpasssamagmail. com

Dr. Satyendra Singh, IFS

Addl Principal Chief Conservator aof Forests
& Chief Executive Officer

- Assam Stare CAMPA
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Message

I feel glad to endorse the publication of the report "Quantification & Valuation of Forest
Ecosystem Services at Garbhanga Reserved Forest" for the year 2023-24 by the Silviculturist,
Assam funded by CAMPA. This maiden effort by the Assam Forest Department marks a
significant milestone in our commilment to undersiand and showcase the immense value of
our forest ecosystem. The report stands as a document to the comprehensive approach
undertaken despite limited financial resources,

| extend my heartfelt gratitude to Shri Dibakar Deb and his entire team for their exemplary

efforts with dedication and hard work. This achievement not only enriches our knowledge
base but also sets a benchmark for similar endeavours in the future,

W

Dir. Satyendra Singh, 1F5
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Office of the Field Director ‘m J{ly/f
Kaziranga National Park & Tiger Reserve, Bokakhat Assam: « S8 27" "
785612 St
Tel: +91- 941205121, Email: dir.kaziranganp@gmail.com
Website: https://kaziranga.nptr.in/

Dated: 29/10/2024

MESSAGE

It is indeed a matter of pride and honour for me to share a message for this pioneering work
undertaken by Silviculture Division of Assam Forest Department on Valuation of Forest
Ecosystem Services in the Garbhanga Reserved Forest.

Ecosystem services or Natieontribution to People (NCPs) is broadly the monetary
value of benefits freely accrued from nature. Various scientists and academics classify the
valuation of these services using different economic methods, and they are broadly classified
as Provisioning, Regulating, Cultural and Supporting services. However, in all the methods,
the primary data collection is essential towards the economic evaluation.

In this regard, this study conducted entirely by the Research Education and Working
Plan wing with systematic vegetation sampling, questionnaire survey, etc in and around
Garbhanga RF has been the first of its kind in the State and Country.

The detailed data collection has been helpful to evaluate the ecosystem services that
included a valuation of the drinking water, soil health, forest produce, carbon sequestration and
benefits to the community.

| am delighted that the extensive sampling design and the methodology was fine-tuned
over several deliberations during my tenure at REWP and duly executed by Shri Dibakar Deb
Silviculturist and his team in the subsequent years. | congratulate one and all for this

monumental work.
With Best Wishes,

(Dr. Sonali Ghosh, IFS, CCF)
Field Director,
Kaziranga National Park & Tiger Reserve
Bokakhat: Assam: 785612

Office of the Field Director, Kaziranga National Park & Tiger Reserve, Bokakhat, Assam785612
Follow us on_https://www.facebook.com/Kaziranga®ttps://www.instagram.com/kaziranganationalpark/
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GOVERNMENT OF ASSAM
OFFICE OF THE SILVICULTURIST, ASSAM
BASISTHA :: GUWAHATI-29

Phone: +919508118957 Email: silviculturistassam2 /@ gmail.com

Dibakar Deb, AFS
Silviculfurist, Assam

PREFACE

The concept of assessing the economic value of foresis has gained significant relevance in recent vears as the
vital rale that natural ecosystems play in bath environmental stability and economic development. In 2018,
during my previous tenure as the Silviculturist, Assam, the idea was coined about how a structured economic
valuation of forest ecosvstem services could offer a transformative perspective on the invaluable
contributions of forests of Assam. This approach not enly acknowledges the ecological importance of our
forested landscapes but also aims to reflect their economic value within the broader framework of Assam’s
economy. With this vision, we imitiated a formal pilot project titled “Cuamtification & Valuation of Forest
Ecosystem Services af Garbhanga RF” in 2023, supported through CAMPA funding, to make this
pioneering effort a reality.

One of the core objectives of this project is to emphasize on the importance of forests including the
sconomic value of forest ecosystem services in Assam’s Gross State Domestic Product (GSDP). Forests
provide a wealth of essential services, from carbon sequestiration, water regulation, and nutrient cycling (o
climate stabilization, and support for biodiversity. Historically, these benefits have not been reflected in
economic matrices, leading to an undervaluation of forests in economic policy. By integrating the economic
contributions of forests into Assam’s GSDP, there is a scope of more accurate and comprehensive measure of
the state’s wealth, capturing both its natural capital and environmental contributions.

This project demanded nearly eighteen months of dedicated effort, encompassing development of strategies
for execution of the project, meticulous planning of data collection methodologies, effective human resource
management to drive labour-intensive field data collection, integration of scientific insights, thorough data
analysis, and the preparation of a comprehensive repon,

Muoreover, this comprehénsive project report includes a carbon estimation protocol that serves as a model for
future assessments of carbon stocks across Assam’s foresis and plantations, This protocol provides the
foundation for potential carbon trading initiatives, aligning with national and global climate commitments
and creating economic incentives for forest conservation.

This project has been a collaborative achicvement, driven by partnerships with multiple prestigious
institutions, We extend our deepest appreciation to NESAC, ASSAC, [IT Guwahati, TISS Guwahati, the
Department of Environmental Science at Gauhati University, Department of Agriculture, Cotton University,
USTM & all educational institutions for providing essential lab facilities and research support. Their
collaboration has allowed us to conduct a ngorous analysis that integrates both scientific accuracy and
practical insights, ensuring the project meets the highest standards.

I am honoured to express my thanks to Shri M.K. Yadava, Retd. IFS and Special Chief Secretary,
Environment & Forest, Govt, of Assam, for his expert advice on the critical aspects of forest ecosystem
service valuation. His experience and vision have greatly enhanced the depth and comprehensiveness of our






repart. | extend my gratitude to Dr. Sonali Ghosh, [FS, for facilitating the smooth execution of the field
exercise by deputing an adequate number of frontline staff from other divisions under the RE & WP wing
during her tenure. This project has further benefited from the invaluable guidance of Dr. Parimal Ch
Bhattacharjee, Former Professor and Head of Zoology at Gauhati University. His continuous support,
scientific insights, and editorial guidance during report writing have enriched our work with a strong
academic foundation. | convey my sincere gratitude for him.

I extend my sincere thanks to D, Paramita Dey, Associate Professor, Department of Chemistry, St Mary™s
College, Shillong, and Dr. Privanka Kumar, Assistant Professor, University of Texas at Péermian Basin,
Texas, for their invaluable expertise. Their guidance on the analvsis of physiological data, digital data
management, and advanced analytical methods has been instrumental in this work.

| am especially grateful to the core technical team & co-authors whose diligent work was central to the
success of this project, Smt, Preeti Buragohain, Dy, Conservator of Forests, Sri Mrigen Barua, Assti.
Conservator of Forests, and Smt. Himamoni Handigue, Research Officer, provided exceptional leadership in
crafiing a robust strategy for primary data collection. Their efforts in coordinating with various agencies,
organizing inferviews, and managing scientific data inputs have been indispensable in creating a
comprehensive database and structured methodology for this project.

Additionally, | extend my sincere gratitude to all the frontline staff, guided by Sri Abhijeet Doley FR, Smi,
Kasturi Goswami FR., Smt. Nigar Sultana FR, Smt. Munmi Gogoi FR, Smt. Pallavi Das FR, Smt. Panchali
Hazarika FR, Sri Dharmeswar Nath FR, Pranjal Das Fr-l, Himangshu Bhattacharya Fr-1, Gayatri Gogoi Fr-1
whao led the on-ground efforts as team leaders. They carried out the complex and labour-intensive tasks of
ficld data collection, ensuring accurate sampling, meticulous management of samples, and consistent digital
data entry, Their work in challenging ficld conditions made this project possible. [ also appreciate the
contributions of Smt. Kankana Choudhury, Smt. Rekha Borgohain & Parasmita Bora, all of them Post-
Graduate Interns, for their commitment to digital data management, precise measurement of field samples,
and assistance in various caleulations. Their dedication to detail has ensured the accuracy of our data, which
forms the foundation of this report. | would further like to thank the DFO, Kamrup(E) Division & his stafTs
for extensive cooperation for carrving out field works & making required secondary data on Garbhanga RF
available to us, | extend my sincere appreciation for DFO FRS Division, Director Forest School, DFO
Genetic Cell Division for providing adequate human resource suppaort.

We also extend our sincere thanks to the CAMPA authority for their crucial funding, which made this
ambitious project possible. Without their financial support, we could not have achieved this level of research,
which has truly set a milestone for forest ecosvstem valuation in Assam.

The outcomes of this report open a new chapter for integrating the economic value of forest ecosystem
services into Assam’s Gross State Domestic Product (GSDP), This is 8 groundbreaking step, as it not only
indicates the ecological value of Assam’s forests but also positions them as key economic assets in the state’s
growth narrative, Additionally, the carbon estimation protocol developed during this project will serve asa
valuable tool for future carbon assessments across Assam’s forests and plantations. This protoco] offers a
scientifically grounded framework for advancing carbon trading initiatives, allowing the state to contribute
meaningfully to national and global climate goals.

It is my hope that this report will help policymakers, researchers, and environmental advocates as they work
to protect, utilize, and sustainably manage Assam’s invaluable forest resources, Integrating forest ecosystem
services into the state’s macro-economic calculations marks a transformative step, ensuring that the
contributions of forests of Assam are recognized and valwed for penerations to come.

Thanking you

="
Ditakar et
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7KLV FRPSUHKHQVLYH UHVHDUFK UHSRUW DLWHPAVRHTUYD 6 W\
SURYLGHG E\ WKH *DUEKDQJD 5HVHUYHG )RUHVW 5) V
PDQDJHPHQW SUDFWLFHV DQG SROLF\ IRUPXQ\DHMMRQ RHVSL
$VVDP V ODQGPDVYV DQG FRQWULEXVEHQD YV LWXIH LB DHARQR W
LV RYHUORRNHG LQ WUDGLWLRQDO HFRIDWRIPLRRA\GULED 8B R §
*6'3 RI $VVDP IRU ZK&FK DPREQWYV WR
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7KH SULPDU\ REMHFWLYHV RI WKH UHVHDUFHKHPHFWXGH F
PRQLWRULQJ SURJUDPV HQJDJLQJ VWDNHKR @EHEDWU GLH M GH
SURWRFROV SURYLGLQJ FDSDFLW\ EXLOGLQJ) BV ORW MV \
WKH PDJQLWXGH RI HFRV\VWHP VHUYLFHV XQGWUNMWDW GR Q
PHWKRGYVY HVWLPDWLQJ HFRQRPLF YDOXHV QQCRIBPHIVWS R
DQG FRQWULEXWLQJ WR NQRZOHGJH VKDULQHQNKFLHEBWHD
DQG SROLF\ IRU HIIHFWLYH IRUHVW FRQVHUYDWLRQ DQG P
7KH PHWKRGRORJLHV IRU DVVHVVLQJ )R WKWKWNVKR \B\W MR S
WKH OLOOHQQLXP (FRV\WWHP $VVHVVPH@WP 0 3ID QTBKHM (KB DRH
7((% 7KHVH IUDPHZRUNV HQVXUH WKH FUHGLELOLW)\ DQG

(< ),1',1*6
fRPHVWLF :DWHU &RQVXPSWLRQ 7KH WRBWORQH DBEOR\GRPF
YLOODJHV LQ WKH *DUEKDQJD )R OHWW HVFRZL\WW HPQLB Y H L
FRQVXPSWLRQ SHU BRXVYHKROG RI
ARUHVW 3URGXFWV &RQVXPSWLRQ 3URGXFWV VRBK\DV IR
SURGXFH 0)3 VPDOO WLPEHU ILUHZRRG EDPERR DQG
VKRZFDVLQJ WKH VLJQLILFDQW UHOLDQFH RQ IRUHVW UHV
f:DWHU 5HWHQWLRQ 'XULQJ WKH \HDU BMK*D OEHDIVOI O %60 QW
[ /WU ZKLFK LQFOXGHV ZDWHUERGLHV ELRPDVV DQ
LQWR WKH K\GURORJLFDO G\QDPLFV Rl WKH HFRV\VWHP
fTHPSHUDWXUH 5HJXODWLRQ 7KH IRUHVMWL\EVUBOSURQ®D MF
f@DQQXDOO\ LOOXVWUDWLQJ LWV UROH LQ ORFDO FOLF
fOLVLWRU 3XUSRVHV 9DULRXV DFWLYLWLK\YV FXFE& DNWFKY
DQG ILHOG VWXGLHV KLJKOLJKW WKH FX0MXU® O WXELYH ¥ HE\
WKH PRVW IUHTXHQW SXUSRVH
f6RLO &KDUDFWHULVWLFV 7KH IRUHVW VRLOD @YD W H
QXWULHQW OHYHOV ZLWK D VDQG\ ORDP WH[WXUH SUHGR
f&DUERQ 6LQN DQG 2[\JHQ 5HOHDVH 2YHU [H IRUBUWSBUH
HVWLPDWHG WR VHTXHVWHU DISSRREPDERHD\DQG UHOHDV
/WU RI R[\JHQ
f&RPSDULVRQ RI YDOXH Rl (FRV\VWHP 6HUYUEH@ REXMR WRDD\
WKH HFRQRPLF YDOXH RI (6 DPRQJ YDULRXVEVY\®R® IWD\Q FD U |
,,)0 %KRSDO DQG OL]JRUDP 8QLYHUVLW\
fSOFHUWDLQW\ $VVHVVPHQW 7KH UHSRUW LGH&WWILADWD
SURYLVLRQDO UHJXODWLQJ FXOWXUDO DQG W»XRIRHUWLC
VWXGLHVY RQ HFRV\WWHP VHUYLFH TXDQWLILFDWLRQ
f&DOFXODWLRQ RI 1$9 1HW $VVHW 9DOXH 7KH \IHDURI WKH (1
ZDV FDOFX®DWHG DV +D<UE\ GLVFRXQWLQJ OLDELOLWLHV
PDLQWDLQLQJ WKH HFRV\VWHP IURP *URVV $VVHW YDOXH *¢
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fSURYLVLRQOLQJ 6HUYLFHV :DWHU FBAYXPBEIDMRED <Y DOXHG I

+D<U IRUHVWaSURGXSHU FDSD®HD <U +D<U

fSHIXODWLQJ 6HUYLRBHYV &DWDERIIKLIFENLQFOXGHY DOO VW

IRUHVW  WHPSHUDRWXUH UHJXBDWLRIWHU UHWHQWLRQ

% +D< U

f&XOWXUDO 6HUYLFH® &XOWXYWDO VHUYLFHV

f6XSSRUWLQJ 6HUYLFHV 6&LO QXWHDLHOWRPBURYLYV&#RE DV H
+D <U

&21&/86,21

7KH HFRQRPLF YDOXH RI DOO WKH LOHQW LUQIBG VIRHUMHWDAE C
VXVWDLQDEOH GHYHORSPHQW B5HFRJQL]LQJ DQBLVXBQWLI\
PDNLQJ DQG SROLF\ IRUPXODWLRQ IRU HQFRPERYVHQY VDK H
DQG VXVWDLQDEO\ PDQDJLQJ IRUHVW HFRV\VWH PO VRIWD S Bk
ILQGLQJV SURYLGH D IRXQGDWLRQ IRU VWUDWHJILW\LQWHU
DQG HQKDQFHPHQW Rl WKH LQYDOXDEOH UHVRXUFHV Rl WK
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%$&.*5281"

JRUHVWY DV JRXQGDWLRQV (FRORJLFDO DOQW BSIGULMXIDHOY B
OGLD

,Q DQFLHQW ,QGLDQ WUDGLWLRQDO SHRSEOM KBYH\DWYZDD\Q &
PXFK RI QDWXUH ZDV YDOXHG DQG SURVWHRWHEGK B R/ F
JRGV DQG JRGGHVVHV ERWK LQ WKH +LQGXQBHDQWLRWGD G
UHFRQLVHG WKH DQLPDOVY ULJKW W R HBRH [QRWHGLWKX B VG UL
ZRUVKLSSHG 1DWXUH ZRUVKLS WKDW VSUDQJ |URPQW KIHW:
EHOLHYHG WKDW $NKQH) LIULMID GIDWMRBRQWS LU 3ULWBUYWKDND VK
6SDRBYH D JUHDW LQIOXHQFH RQ OLIH

5% O e ™2* 1@ /gej¥7 08", @
bY™z” 21T, 50", "HA
a.DOLGDVD 5DJKXYDPV

(YHQ LQ WKH IRUHVWY WKH DVFHWLFVJKHY®HS0 HIDW K WHWYD
/KH WUHHYVY DEXQGDQW ZLWK IUXLWV RIITHU VXVWHQDQFH I

e“10%ep2i50gen’!,
“108a™IKZ0 S, @
"O™I@ ™MD s OO,
c“$ee02™MYU™I“O ccl A
a9DOPLNL 5DPD\DQD 3$UDQ

7KH JUHDW VDJHV URDP LQ WKH IR UHMOL IJKKRH XQ JKRRGKVH U
WKRVH ZKR OLYH DPLGVW WKH WUHHYV DELGLQJ LQ PHGLWL

el ZWR /el | QeI ™ME @
[ [€17T*¢1A1228 10 NS/ A
a9LVKQX 3XUDC

7KH DERGH RI WUHHV LQ WKH IRUHWW D® KB\ WV HDHYGW R DA
ULIKWHRXVQHVY $UWKD ZHDOWK .DPD SOHDVXUHV DC

«“10“0U'0U¢.,“0U'0OU0PotZ,@
G NEE™MTIZRLIIDE >R
a0DKDEKDUDWD 9DQD

JRUHVWY EULQJ MR\ WR WKH DQLPDOV DWRH VBKIRWHBGW ® QW
SURWHFW WKH SHRSOH

$QFLHQW ,QGLDQ SKLORVRSK\ KDV ORQJ UHFRJ&KXKPDR W P
QDWXUH ZLWK IRUHVWYV SOD\LQJ DXF K @AWILMIEBY R Ci8 I MOQW KK E
DQG 3:3XUBPSKDWKH VDQFWLW\ RI IRUHVWYV QRW RQRM DV
IRRG ZDWHU DQG VKHOWHU EXW DO\WKR IFR @ SBERMANDIE VSLL

FRVPLF RWBHGBIMFWY WKH LGHD WKDW PDLQWDLQLYWXDUNF
HVVHQWLDO IRU VXVWDLQLQJ OLIH DVQG AKX i IHARICFDIQ FHIF®R \E
VXFK DV DLU DQG ZDWHU SXULILFDWLRQ FOLMDW & HHEX
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HPEHGGLQJ WKHP LQ DQFLHQW ,QGLDQ WK RXNLW DO/ &BIFWHX
RI IRUHVW FRQVHUYDWLRQ DQG VXVWDLQ®EOHFP,QRGDDH RIS
ERWK SURGXFWLYH DV ZHOO DV SURW HIPV8 KD I SHG YWWL R |
SHULRG DQG %& F %& + HGV

3 KDQDN\DXWLO\D WKH UHQRZQHG SROLWLRD® \QW&UDWHB k
WKLV SKLORVRSK\ LQ KEN¥UWHPLIVXBE VRDUNHVWKE WKDW IRU
VHWWOHPHQW RI D FRPPXQLW\ 3WKH HVWD E OLY®R HQW RRIQL
WKDW IRUHVWY ZHUH IRXQGDWLRQDO WR ERWK WKE&DHNRRQR
RXWOLQHG VWUDWHJILHV IRU IRUHVW POm@D 8 IO L DSRB\RLL
VWULFW SHQDOWLHV IRU LOOHJDO GHMWWHXMUDW YR DDVIR
HFRQRPLF SURVSHULW\ SURYLGLQJ UHVR X HFRO RRIW FPD.@ MW
+LV IRUHVLJKW LQ UHJXODWLQJ IRUHVWQXVRI ZKDDMZWMVWR G
HFRV\WVWHP VHUYLFHV &KDQDN\D V YLHYWWKKSDWRZ DUIGUL DL ¢
VHWWOHPHQW UHYHDOV D WLPHO R\GW BUS QEHESA B \RW BIW L Q |
SUHVHUYDWLRQ LV FUXFLDO IRU WKH ZHOO EHLQJ Rl ERWK

'XULQJ WKH OLGGOH $JHV LQ ,QGLD WKH SKLHOWRWY FRQ VRIU h
FRQWLQXHG WR HYROYH UHIOHFWLQJ D GHHSQURR WRXGUEHV
PDWHULDO VXVWHQDQFH DQG VSLULWRKDHP BRQMED GKH L QK HW
IXUWKHU UHLQIRUFHG WKH LGHD RI OLYLQJ LOLMBEPWRQ\ :
37XOVLORWBXUX 1DQDIWHQ LQYRNHG LPDJHU\ IURP QDWXUH

PRXQWDLQV WR H[SUHVV WKHLU V8NMXILMKDKDQENVYQ GHVY HR'IH
OLIH IRUPV 7KHLU WHDFKLQJV HPSKD ¥EH]HBI W KEHR MXWKDUFFIRQ
KXPDQ DQG WKH QHHG WR OLYH LQ EDODQFH ZLWK QDWXU|

.LQJV DQG UXOHUV RI PHGLHYDO ,QGLD SWIWWMH.IFX OIDQ® ¥ 0AKE
G\QDVWLHV DOVR UHFRJQL]J]HG WKH VWUNWMJIL)R WHMNHMFRLC
FRQVLGHUHG YLWDO WR WKH HFRQRP\ DQG RBBEQNDXOHRMW P
MXVW IRU UHFUHDWLRQ EXW DOVR WRKSU 8XHDOPER HBWR UH
IRULQVWDQFH UHFRJQL]HG WKH LPSRUWD QR R/INPDO\VQ M/JIDLLF
LQWHJUDWLQJ SROLFLHV WR SURWHFW DR DMW\KWS IOIRMDBAR B Q G
XWLOL]J]HG IRUHVWY DV D PHDQV RI GHIHQFHUAKH® I8 RZAHUHIG
UHVSHFWHG

SKLORVRSKLHV GXULQJ WKLV HUD KLJKOL UWWHGGCWHRP PERD
SURWHFW QDWXUDO UHVRXUFHV UHIOHFG/LWIRWKADEHQR W
HFRORJLFDO ORVV EXW DOVR D PRUDO D QGQWSLDJD WD @ JRQ
UDLQIDOO DQG PDLQWDLQLQJ WKH KHBORWHFWHIGHI RBID QX F
RlI IXWXUH JHQHUDWLRQV

3& KDQDN\D V SUNRBMWSOMKH HVWDEOLVKPHQW RO HP HRQUM \RW
FRPPXQLW\ FRQWLQXHG WR UHVRQDWH GHAH® D W KRIX@LGOE
WR D NLQJGRPfV SURVSHULW\ SURYLGLQJ WIORENUXS PRIGW
DJULFXOWXUH WKURXJK UDLQIDOO DQG VRL@\8KHYHUNDMQJ
WKH EHOLHI WKDW IRUHVWV ZHUH LQGUVZ®® WDKHD ¥ DVRH B RI
VRFLHW\ LQWHUWZLQLQJ UHOLJLRXV SKLORVRSROQFMSWDR
VXVWDLQDEOH HQYLURQPHQWDO VWHZDUGVKLS

6ULPDOWD 6DONDUGHYD DOG +LV &ROWULEXWLRRKXKWR WKH
6FULSWY RQ 7UHHYV

5HIHUULQJ WR 6ULPOQWD @ D®@RARMHIH WK NG VFULSWXUH RI $\
JUDFHIXOO\ ZHDYHV WKH HVVHQFH RV QDWXYHWKHIL WBHRW
DQG HFRORJLFDO VLJQLILFDQFH 7KRXJK ¥DRRG®HIGH YIRWLE
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HFRV\VWHP VHUYLFHV KLV ZULWLQJV DUHKHP QXM UL K
KDUPRQL]LQJ WKH UHDOPV RI QDWXUH DQG VSLULWXDOLW\

0 "o 6™} A@
z2 'O Qg € 48
3 an o eu'ia@

76 g6 vy A

7KH PHUFLIXO /RUG LQ +LV LQILQLWKQIRUPBQGV6RU¥YNHOQK
FUHDWLRQ VXVWHQDQFH DQG GLVVROXGHWR QD bPORUGWYH ¥
DQLPDOV DQG ELUGV (YHQ WKH VDJHV KXPDQV DQG FLWL
DOO

y 5 R66 6
56 6 '@
766 + B 6
6! 6 6A

:DWHU LV UHFHLYHG E\ WKH MR\ RI WUHHV 7KWK B URLDGNHH |
IULHQGV RI KXPDQV %HVWRZLQJ VWUHDPV RI JUHDW YLUW)]

6DQNDUGHWD QY *"KREDJHODWHG ZRUNV ULFK LQ VSLULWXDO
WUHHYV LQ WKH VW\OH RI ERWDQLFDO WUWIHWYV DHRHZ ISYJHRUR XWXA
XQGHUVFRULQJ WKHLU SODFH LQ WKH VDFUHG DQG FXOWXL

eyqRB' A B 6@
-6 6 A6 6 B6A

8QGHU WKH VKDGH RI WKH $UMXQ WUHH .ULVXDWKHWMOH Q.
.DGDP WUHH

¢8 00¢C 0 R@

;6 & 9 €A
'LWK WKH IUDJUDQFH RI .XQGD ODOOLND %DNXO DQG .DG
+HUH LV WKH WH[W LQ $VVDPHVH VFULSW

¢¢6 9 9 g 6 6y @
706 6 6% @

.QRZLQJ WKDW HYHQ GRJV MDFNDOV DQG GRQNH\V SRVVH
%RZ GRZQ DQG RIIHU \RXU UHVSHFW WR DOO

7KHVH YHUVHV H[TXLVLWHO\ FDSWXUH WKHNKBFGHGLFR QQ
6DQNDUGHYDYV VSLULWXDO DQG FXOWRUDQ ® 3 UMBMQ LYHH C
FRPSRQHQWYV RI WKH QDWXUDO ODQGVFDSH WK® \DIMWGH GILRN
H[SHULHQFH VHUYLQJ DV VDQFWXDULHVKRIRXHR AHKBIQG ¥ URH
HFKR WKH KDUPRQLRXV EDODQFH EHWEZNHQJWKKH R DQURWK ®I\X |
EXW SDUWLFLSDQWYV LQ WKH GLYLQH WODD R3HHE VIKHOR
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XQGHUVWDQGLQJ DFNQRZOHGJLQJ WKDW R¥HQ 7KXGILERON VS
HYHU\RQH WR VKRZ UHVSHFW WR DOO EHLQJV UHFRJQL]LQ.

JRUHVW (FRVA\WVWHP 6HUYLFHYVY DOG &XOWXUDOU/LBHND RHV ZL\
$VVDP

JRUHVWY SOD\ D FULWLFDO UROH LQGIDARW ZLGHQD UHFARORIJ
VHUYLFHVY WKDW DUH LQGLVSHQVDEOH WWRDKWX D QWHW KD EGIH
ULFK DQG GLYHUVH IRUHVW FRYHU W KHHWR \GHHISEWH IVQDNUHU ¢
WKH FXOWXUDO DQG VRFLR HFRQRPLF |DEUALIF RO RYKH VY VE
FRPPXQLWLHY KDYH ORQJ FRQWULEXWHG WRUWXH FAWRQNE L
SUDFWLFHV WKDW UHIOHFW D GHHS UHVSHFW IRU QDWXUH

&XOWXUDO /LQNDJHVY DQG &RQWULEXWLRQV WR &RQVHUYDYV
JRUHVWYV LQ $VVDP DUH GHHSO\ HPEHG GMEDIPG WHK B HFRXSIDM X
YDULRXV LQGLJHQRXV WULEHV VXFK DV WKR QYREWRKHUOVV K
FRPPXQLWLHY KDYH GHYHORSHG D V\PE L REW/LHG UHD /W HR Q@ WA
EHOLHIV DQG GDLO\ OLYHV FRQWULEXWLQJ VLJQLILFDQWC
6SLULWXDO DQG 5HOLJRX\VLOGIQIHDRXYFWULEHV RI $VVI
VDFUHG VSDFHV LQKDELWHG E\ GHLWUHV DAXG AKS DWIHNS/D
IRUHVWY SURWHFWHG IRU UHOLJLRXV UHDMRIQM YBIVHDFI
FRQVHUYDWLRQ KRWVSRWVY SUHVHUYLQJ EL RISQW HUSH AL\
7KH FRPPXQLW\ GULYHQ SURWHFWLRQ R WKKHYV W KIDUM 5\
PRGHUQ HQYLURQPHQWDO PRYHPHQWYV
7UDGLWLRQDO .QRZOHGJH DQG, BENIWIRYOE O/H [3EHDW \8 RWVE
WUDGLWLRQDO NQRZOHGJH DERXW IRUHVW PPOGLHFROOY
SURSHUWLHYV RI SODQWYV 3UDFWLFHYHGXEKWK IWDIO0RZ GH
DOORZ WKH IRUHVW WR UHJHQHUDWH UNV@HPW. QQH B (
$GGLWLRQDOO\ WKH XVH RI 17)3V LV RIWHRQ SWHHIXHODW IR
H[SORLWDWLRQ HQVXULQJ WKH VXVWDLQDELOLW\ RI WK
&RPPXQLW\ OHG &RQVHUVYDQYLRQLBOHW LIWIWAHDP KDYH HV)
UHVHUYHY DQG KDYH WDNHQ DFWLYDPSREHWKBD ZDOFODQ
FRPPXQLWLHY KDYH LQLWLDWLYHV IRU S WRMHF WA\QQ HNVLHY
WUDGLWLRQDO JRYHUQDQFH V\VWHPV W KHNVMHRRIPR X & EW
WKDQ H[WHUQDO UHJXODWLRQV VKRZFDVLQJ D PRGHO R
JHVWLYDOV 5LWXDOV DQG (Q Y)RURHYRHQ /O OWHZQW G B
IHVWLYDOV DQG ULWXDOV )RU LQVWRQW¥HWRVKQID WL KN K
WKH UHYHUHQFH IRU QDWXUDO UHVRXUFHV B6LPKQBWI\
SODQWYV DQG QDWXUH DV VIPEROV RI GLYQGQBWH MARHSERV
UHVSHFW IRUHVWYV 7KHVH FXOWXUDO PSIOFWDRLEHRAM RHUR
SURPRWLQJ HQYLURQPHQWDO VWHZDUGVKLS DFURVV JHC
$UW OXVLF DQORBOWWRWHDYH LQVSLUHG $VVDPHVH DU
RIWHQ FRQYH\ PHVVDJHV DERXW WKH LPSRUWBDQFMXRD
H[SUHVVLRQV VHUYH DV WRROV IRU HGXFDWLQJQRXWHEHU
QHHG IRU WKHLU SURWHFWLRQ

1RWDEOH 6FLHOWLVWY DOQG 7KHLU &ROWULEXWWRFVWR WK
$VVDPYV IRUHVW HFRV\VWHPV SDUW RI WKH HQGR[WNHQFDY
VWXGLHG E\ YDULRXV VFLHQWLVWY ZKR KFRIQ KRUK OD QKGN H:
LPSRUWDQFH +HUH DUH VRPH NH\ VFLHQWLVWY DQG WKHLL
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D 'U 03 %H]EDUXDK
$Q HFRORJLVW NQRZQ IRU KLV ZRUN RQ ELR G LPYIHQD/1HP\HRRY
LQ $VVDP +LV UHVHDUFK HPSKDVL]HV LQWHJUDWU®D WLRX
SUDFWLFHV WR VXSSRUW ORFDO FRPPXQLWLHV DQG PDLQ

E 'U $QZDUXGGLQ &KRXGKXU\
$ SURPLQHQW ZLOGOLIH ELRORJLVW DQG F&8 @WXWPHWIRXIVRER
DQG SDSHUV RQ $VVDPYV ZLOGOLIH DQG IBOYA\DWG @ HV ZIRU
VSHFLHVY SURYLGLQJ GHWDLOHG LQVLIJKWE KQWR RWKBE O}
7KH ODPPDOV RI 1RUWK (DVW ,QGLD

F 'U $PDOHQGX &KDNUDYDUW\
$ ERWDQLVW VSHFLDOL]JLQJ LQ $VVDPTVFEROMDOMR IXHYG] WAKLE
HQGHPLF DQG UDUH SODQW VSHFLHV +LV NWMXGEILHQ LRIOF I
FROWULEXWH YDOXDEOH NQRZOHGJH IRU SODQW FRQVHU"®

G 'U 3 & WKDWWDFKDUMHH
$Q RUQLWKRORJIJLVW DQG HFRORJLVW 'U DX¥KDDNXWDF KD S ®!
ELUG HFRORJ\ DQG KDELWDW FRQVHUYDWISR@®PRWL QUH¥
FRQVHUYDWLRQ LQ $VVDPTV IRUHVW KDBIWHXCGA WV +Ril 3O\
SDUWLFXODUO\ RQ GLVWULEXWLRQ IRRG = IHHGLQJ KDEL

7KH ZRUN Rl WKHVH VFLHQWLVWYV KDV EWHHDDLQQBAVYU XFPl HIQ/W D
HFRV\WVWHPV XQGHUVFRULQJ WKHLU F UL WA® DD WROML WQ JE
VXSSRUWLQJ ORFDO OLYHOLKRRGV 7KHLU UHVHDUWVRN SU
PDQDJHPHQW DQG FRQVHUYDWLRQ VWUDWHJILHV LQ $VVDP

(FRORPLF -XVWLILEFDWLROQ IRU &RQVHUYDWLRQ DLQ\GK5HVWR |

SHIHUHOFH WR 6FLHQWLVWYV

(FRQRPLF MXVWLILFDWLRQ IRU FRQVHUY MW IQR'GR O DV UGHHRRR;

WKDW WKH EHQHILWY RI FRQVHUYLQJ QD WKWV DR XWHHLY K F\M )

DVVRFLDWHG ZLWK WKHLU GHJUDGDWDRSS RUWHRG \E\ TKKN W™

DQG YDOXDWLRQ RI HFRV\VWHP VHWRQERVMF 2\KR FKDD @ Q 8 YH

YDOXH RI IRUHVWY 1RWDEOH VFLHQWRDRR WZARKNYHWKROQW K L ER

FRQFHSWYV

D)RUHVW (FRV\VWRBHHY HAFRV\VWHP VHUYLFHV UHIHU WR V
IURP IRUHVW HFRV\WWHPV LQFOXGLQJ SURYLVLRQLQJ UF
7KHVH VHUYLFHV FRQWULEXWH WR KXPDQ ZHOO EHLQJ E\
WLPEHU DQG PHGLFLQH SURYLVLRQLQJ VHQWGLFBVERWHJX
VWRUDJH UHJXODWLQJ VHUYLFHV VXSSRUWLQJ ELRGLYF
DQG RIIHULQJ UHFUHDWLRQDO VSLULWXDO DQG MXBWXU
DO

E(FRV\WWHP 6HUYLFHV SRDXDW LBRRYWDQ]D DQG FROOHDJXH
YDOXLQJ HFRV\WWHP VHUYLFHV LQ PRQHWWD UQ VHHF BRP\R RMLFE |
GHFLVLRQV 7KHLU JURXQGEUHDNLQJ VWXG)\ LQ TXDQW
VHUYLFHV HPSKDVL]LQJ WKDW QDWXUDO FIZSHD\OD/OK L \7 KoL ¥
DSSURDFK SURYLGHV D SRZHUIXO HFRQRPLF MXVWLILFDW
WKDW WKH ORVV RI HFRV\WVWHPV UHVXOWY LQ VLJQLILFDQ

F1DWXUDO &DSLWDO DQG 6 XVW D*IIHDNEFRKH H YIHADRSPHQ WQ KF
ZRUNDWXUHTY 6HUYLFHY 6RFLHWDO '"HSHIQ@GWQRE&E XA@ G DWW
RI HFRV\VWHP VHUYLFHVY DQG HPSKDVL]HG WKH LPSRUWDC
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6KH HISORUHG KRZ IRUHVWY SURYLGH YLWDO UMDWILREYV D/
ELRGLYHUVLW\ OLQNLQJ HFRORJLFDO KHDOWK ZLWK KXPI

G5HVWRUDWLRPREHYRWHWWWRUDWLRQ UHIHUV WR WHHQSUPFR
GHJUDGHG RU GHVWUR\HG IRUHVW HFRV\VW HPHUWLRNUHM(
HFRV\WVWHP VHUYLFHV VXFK DV FDUE RG \KHDTEXLAHWDMU B WR RIQV
FRQWULEXWLRQV WR WKLV ILHOG LQFOXGH -RKE|RUHDAWD)
LQ KLV ZRUN 6\0YD DQG 1RUPDQ 0\HUV BKR KU LRC
ELRGLYHUVLW\ KRWVSRWV 3HGUR %UDQFDOLRQ DQG
LQ DGYDQFLQJ WURSLFDO IRUHVW UHVWRUDWZR\WK SIXUDWE
ZRUN HPSKDVL]LQJ WKH SRWHQWLDO RI VHRR®GED/KHIRUH
KDV XQGHUVFRUHG WKH UROH RI ODUJB LFADOH FRDBYMW DI
IRU JOREDO WUHH SODQWLQJ LQLW L DWYALW H\D YWHR \WKHDTSXHHGY W
XQGHUVWDQGLQJ RI IRUHVW UHVWRUDWLIYR Q FOQ/P B GW D\® LFK

H&RVW %HQHILW $QDO\VLV RIDYBQWRUDGHRE OF 8 QW R HF ¥
(FRV\VWHPV DQG %LRGLYPHWYDWLYH(®DXQFKHG E\ WKH 8Q
SURJUDPPH 81(3 LQ 7KH LQLWLDWLYH IRFXN®GHRRI
ELRGLYHUVLW\ DQG HFRV\WWHP VHUYLFGENWYLR X DIEK® LORW
GHPRQVWUDWHG KRZ SUHVHUYLQJ QDWXUH \LHOGING VLJ
SROLF\PDNHUV ZLWK WRROV WR LQWHJUDWHIVWKHVH YDO X

| %LRGLYHUVLW\ DQG (F R\ RGP YX'Q AW URIQHUV WR WKH YDL
VSHFLHV JHQHV DQG HFRV\WWHPV ZLWKL®QLRQLYHIP WD Y
ELRORJLFDO JHRFKHPLFDO DQG SK\VLFDQ GLERFHW\HD QW
Rl HFRV\VWHPV VXFK DV QXWULHQW F\FDLQKH ADHOHDW LR
EHWZHHQ ELRGLYHUVLW\ DQG HFRV\WVWHP NMNQ¥*WIRQHUEK
HQKDQFHV HFRV\WVWHP UHVLOLHQFH DRMG WSRJ RSGMHAWU P L W\
VHUYLFHV PRUH HIILFLHQWO\ 'U 6KDKQ® UWIDEHHWPHG VLRQZ
XQGHUVWDQGLQJ WKH UHODWLRQVKLS EHWZHHQ ELRWLYH
GLYHUVH HFRV\WWHPV DUH PRUH SURGXFWLYMRB G URYRE
MXVWLILFDWLRQ IRU FRQVHUYLQJ ERRGMWHBVXWFWVRQ W H
YLWDO VHUYLFHV 1DHHPTV UHVHDUFK VIORZ\8 UMD\ W GF
HFRV\WVWHP VHUYLFH ORVV GXH WR UHGXFHG ELRGLYHUVL

J 3D\PHQWV IRU (FRV\VWHR 6 BUNQF:X\D GH b KDV GHI
IRU (FRV\WVWHP 6HUYLFHV DV YROXQW DU \SW WD Q \ADHFW\WLLRE®IV
IRU PDLQWDLQLQJ RU HQKDQFLQJ HFRV\VW HFD WNHW LEDIW
HFRQRPLF MXVWLILFDWLRQ IRU FRQVHUYDWIGRZ Q RWUNH UL
FRPPXQLWLHY WR SUHVHUYH IRUHVWV WRK\NHU HE)Y DOR Q®
VXVWDLQDELOLW\

K6XVWDLQDEOH 5HVRXUFH 0D/QDJHKROQWWLB/EODSSURDFK W
UHVSRQVLEOH XVH DQG FRQVHUYDWLRQ RDELODWWUYUDRUUH
JHQHUDWLRQV ZKLOH PDLQWDLQLQJ HEFRHIRYLE ROl EDID®WQ G
WKH ZRUN RI YDULRXV VFLHQWLVWYV
'U (OLQRU 2VWURP D 1REHO ODXUHDWH FRQWULEXV
XQGHUVWDQGLQJ RI FROOHFWLYH UHVRXUFH PDRFIHP
JRYHUQDQFH DQG FRPPXQLW\ LQYROYHPHQW LQ PDQDJLC
+HU ZRUN GHPRQVWUDWHG WKDW FRPPXQLWLHWWRXQO
ZLWKRXW WRS GRZQ UHJXODWLRQ SURYLGHG WKH\ KDYH
'U +HUPDQ 'DO\D OHDGLQJ HFRORJLFDO HFRQRPLVW IXL
650 E\ DGYRFDWLQJ IRU D VWHDG\ VWD W HE RZQ R & K H U
HFRORJLFDO OLPLWV +LV ZRUN p6WH D G\WRN P WH WRIQR P
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FDSLWDO DQG SURPRWH UHVRXUFH HIILWLNQW\LHVKER AR
HQYLURQPHQWDO FDSDFLWLHYV

'U &DUO )RONM SLRQHHU LQ UHVLOLHQFH WKLQNLQJ KL
PDQDJHPHQW LQ 650 DGYRFDWLQJ IRU V\WW HPQY IMKRDQP H
FKDQJHV ZKLOH PDLQWDLQLQJ HFRV\VRUIIRPVVWKMLEPYR U\
IOH[LELOLW\ OHDUQLQJ DQG LQFRUSRUDWLQDJHFRQW.
SUDFWLFHYV

'U *UHWFKHQ 'DLPRQWULEXWHG WR LQWHJUDWLQJ HFR
GHFLVLRQ PDNLQJ SURFHVVHV DOVR VXSSRUW ¥RXEBFHWXE
WKXV SURYLGLQJ D FOHDU HFRQRPLF UDW L+RHQD 2R UINR K Dy
LQIOXHQFHG SROLFLHV WKDW DLP WR EDOTFQHRHR G XPRIDHY
WKHVH VFLHQWLVWY KDYH ODLG WKH JU R XQWEEZRWVMGIQRHV
HFRORJLFDO HFRQRPLF DQG VRFLDO V\VWKRV Wa G /@D
WKH (DUWK V QDWXUDO UHVRXUFHYV

7KHVH GHILQLWLRQV DQG FRQWULEXW LR @GWX NEK GHY. H QIH VRV
‘XQGHU SURYLGH D VWURQJ HFRQRPLF IRXQGDWLRQ IRU |
FROOHFWLYHO\ GHPRQVWUDWH WKDW WKH HEFROH MWH/P B HUX
LQYHVWPHQWY LQ FRQVHUYDWLRQ PDNLQRIXWRKHV FIDW I RVK [T
HQYLURQPHQWDO LPSHUDWLYH EXW DOVR DQ HFRQRPLFDOC
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"KHRUHVW HFRV\VWHP VHUYLFH UHIHUV WRP WR H HE/’QMH DL\
HFRV\WWHPV 7KHVH HFRV\VWHP VHUYOLGXN RLJROHYRWW \E
WKHLU HFRQRPLF LPSRUWDQFH HPSKDIMLQUIQIFRERLUFBOI

DQG VXSSRUWLQJ KXPDQ ZHOO EBIOXD W KRIQT R D 8RR VL ¥ D/\W P RWH
IRUHVWY KDV HPHUJHG DV D FULWLFD @ VRP YRQKXE WR IL §/ KKHO\GH
DQG WKH EHQHILWY WKH\ RIITHU WR KMRD®E& VRPLHWALBLNQLQU K
SURYLGLQJ D ZLGH DUUD\ Rl HFRV\VWHP VHRQ IDFHE FOD B D M) |
WR ZDWHU SXULILFDWLRQ ELRGLYHUVLW)\ FRRYH DQIBWILRI \D
WKHVH VHUYLFHV DUH HVVHQWLDO IRUD®®RBHPHRQVPD®Q GQRRIX
JRUHVWY DUH FRPSOH[ HFRV\VWHPV WKDW CROVWWIDHZL G B WD (
FDWHJRULHVY SURYLVLRQLQJ UHJXODWLQJ FXOWXUDO DQG

8QGHUVWDQGLQJ DQG TXDQWLI\LQJ WKHVH HWDLWYDELPH VIR
PDQDJHPHQW SUDFWLFHV FRQVHUYDWLRQ/RXIREUNMWR D X® R
RI VHOOLQJ FDUERQ FUHGLWV HWF DYRBGI DRV BRUHPLWAQ JR\
XSOLIWPHQW RI IRUHVW IULQJH FRPPXQLW\ @QWKOMQIGQGHVH®
IRUHYX\DQWLILFDWLRQ DQG YDOXDWLRQ RIHM FIRY \X@GIHPU V WD
FRQWULEXWLRQV Rl QDWXUDO HFRV\VWHPV OGN LMUR WI¥N
SURFHVVHV DQG IRVWHULQJ VXVWDLQDEOH PDQDJHPHQW SU

$V Rl WKH SUHVHQW WKH *URVYV 6WDWH 'RPHVWE X UBWRGX W |
LV SURMHFWHG WR EH _ &U +RZHYHU ILWXV H FBESRHM
HQFRPSDVV WKH VXEVWDQWLDO YDRXH &HELYHGY ILFRP/ WK K
UROH LQ VXSSRUWLQJ ERWK WKH HQYLURQPHQW D QR WV KAHK F
HFRV\WWHP VHUYLFHV UHQGHUHG E\ IRUHV W \DW®FR ROIDQ/G/R DV
H[FOXVLRQ RI WKH YDOXH RI IRUHVW HFR RSSRHRVX DU WL PMR XX
WKHLU YLWDO FRQWULEXWLRQV WR W®H VOM MIU VWLRRIQWRH
WKHVH VHUYLFHV ZRXOG OLNHO\ UHYHDEBSUHRARHBA WBRWSRBRBDKRIQ
KLIKOLJKWLQJ WKH LQGLVSHQVDEOH UROH HNIGHIW H IRRISPHAQW
SURVSHULW\ 7KH RPLVVLRQ RI HFRV\VWR® VHUXYHFWV DJRBRD
LQ HFRQRPLF DFFRXQWLQJ ZKHUH WKH WROW EREXWH RN RIUC
UHJXODWLRQ ELRGLYHUVLW\ FRQVHUYDWLRQHGD @G E XQ@RWXHKX
3DYDQ 6XNKGHY WKURXJK KLV ZRUN ZLWK 7KH (FRE@®PLRD R
GHPRQVWUDWHG WKH HFRQRPLF MXVWLLRQFDWWR@ QRO DQEO
DFFRXQWYV DUJXLQJ WKDW WKH IDLOX VMW MPPD \8 RRWOR RO HOIDGAVX W
PLVLQIRUPHG SROLF\ GHFLVLRQV 6LPLORUOAXVW D+IQDED 'G
XQGHUVFRUHV WKH QHHG IRU HFRQRPLF L Q 0O DFDWRUNVWKR W L
D UHJLRQYV SURVSHULW\ DQG VXVWDLQDEHPRWY Wi\ PLQMWUHYIL
$VVDP V *6'3 ZH FDQ HQVXUH D PRUH FRPSWHIEW Q WILRH) ORQ (
HFRQRPLF KHDOWK DQG LWV FRPPLWPHQW WR VXVWDLQDEOH

9DOXLQJ HFRV\WWHP VHUYLFHV LQ HFRQRPER QWHILLAEX \K L RIQW/L
ORFDO DQG JOREDO HFRQRPLHV 7KLV HFRXRPVY FIRUX\L\W Y H\F
FRQVHUYDWLRQ DQG UHVWRUDWLRQ HIIRUWV LBNVZHOO DV V)
AXDQWLI\LQJ WKH PRQHWDU\ YDOXH RI NFRRVUVDNAPHVWIUYL R
HITHFWLYHQHVY Rl FRQVHUYDWLRQ PHDV>XODHG DXQ/G] ¥ R P/§ IKUHLX
RSSRUWXQLWLHV IRU HQKDQFLQJ HFRQRPLF UHWXUQV ZKLOH
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7KH TXDQWLILFDWLRQ DQG YDOXDWLRBBK®IQRUBNWHH KRG\ \f R/W
FULWLFDO LQLWLDWLYH DLPHG DW UBPRDQG]HFR D Q B L EQRRH\
IRUHVWY LQWR EURDGHU HFRQRPLF |UDPNZRUN¥UR/GXRKWD V6
$VVDP $V RI $VVDP V SURMHFWHG *6'3 LMXUH GR HW RRKWV
DFFRXQW IRU WKH VXEVWDQWLDO EHQHILW\WD SER®E L\GHHTX HEV W
ZDWHU UHJXODWLRQ ELRGLYHUVLW\ FRQVHUWYDWIGRQYDQRH
RYHUORRNHG LQ WUDGLWLRQDO HFRQRPLF DVVHVVPHQWV

7KH SXUSRVH RI TXDQWLI\LQJ DQG YDOXLQJ WKHVH VHUYLFH
(FRQRPLF 5HFRRUHVMR HFRV\WWHPVY SOD\ DQ LQGLVSHQVD
SURYLGLQJ UHVRXUFHV IRU LQGXVWULHVY WRXULWPLERG
HQVXUHV WKHLU FRQWULEXWLRQV DUHQ PHGIHQ J LS/RE OFH P D
LQFRUSRUDWH WKHP LQWR WKH VWDWR H P RHFIR QRPX B $\U B Q¢
RI $VVDPTV QDWXUDO FDSLWDO HQVXQLEXIVW KD DOWR¥MWBX3!
YDOXH Rl HFRV\VWHP VHUYLFHV WKDW VXVWDLQ ORQJ WHU
6XVWDLQDEOH ODQDJHPHQW D QDBO3XDMLIFR Q RUUPRNLIBWMIVRD URI
LQIRUPHG GHFLVLRQ PDNLQJ KLJKOLJKWLQJ WKHDHGRERAR!
IRUHVW PDQDJHPHQW %\ XQGHUVWDQGLQJ WKHK D\QBQEPDG
UHJXODWLRQ DQG ELRGLYHUVLW)\ VXSSRUWQ \SHRWDLIFWALIRNH U
DQG HQVXUH WKDW IRUHVWY DUH SURWHKEWOGJIQRW Z KXW LB
GHYHORSPHQW JRDOV HQVXULQJ WKDW HFR Q RWPLUWR DPRIZMK
GHJUDGDWLRQ

7KH HQRUPLW)\ Rl YDOXLQJ IRUHVW HFRV\VWHR SHHBLE H\R PF(
UHVRXUFH LQWHQVLYH WDVN WKDW FDRQRB® UV U RFRIP\E O \BK |
EHHQ LQLWLDWHG DW *DUEKDQJD 5HVHU YOHE DR USHWRW KF W LERH
UHSUHVHQWY D IRUHVW ZLWK KLJK ELR\GVWHP D\§'G DIQIGHZ UG\
YDOXDWLRQ RI *DUEKDQJD 5) V HFRV\VW HH QHUFR. G R YL E R ® O
DQG HFRQRPLF GHYHORSPHQW HQVXULQ3DV\DXVW HFRIERPH. D
LQ DQG EH\RQG 8OWLPDWHO\ WKH TXDQWLILFDWURE@ BV/GC
EDODQFH GHYHORSPHQW QHHGV ZLWK HQYLMRWPRQ VRD QV K MA
HFRV\VWHPV IRU IXWXUH JHQHUDWLRQV
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2%-(&7,9(6
(VWDEOLVKLQJ EHQFKPDUN RI 4XDQWLILFDWLRQ DQG 9DOXLEL
&RQGXFW D FRPSUHKHQVLYH EDVHOLQH [HWW AWMPRDQW WIK L
SURMHFW $SSO\ VWDWH RI WKH DUW TXD QW IHI LW R W LTRX® @PW
VSDWLDO GLVWULEXWLRQ RI HFRV\VWHP VHUYLFHYV

SURWRFRO'HWHORS D VWDQGDUGL]HG SURWRFRO WIGIDW ¥V S'}
UHTXLUHPHQWY TXDOLW\ DVVXUDQFH PH@WKIUFDYWLRQ DPSI
DFWLYLWLHV

$VVHVV WKH ODJQLWXGH DQG 'LVWULEXWLRQ RI )RUHVW (FF
A4XDQWLI\ DQG YDOXLQJ WKH YDULRXV HFRVOMNGH® VISURIYEK
UHJXODWLQJ FXOWXUDO DQG VXSSRUWLQJ VHUYLFHV

ORQLWRULQJ DQG (YDOXDWLRQ IRU )XWXUH &KDQJHYV
(VWDEOLVK D PRQLWRULQJ SURJUDP WR WUDFN FKDQJHV LC

7R 8QGHUVWDQG WKH 'ULYHUV RI &KDQJH LQ (FRV\VWHP 6H
,GHQWLI\ DQG DQDO\VH WKH ELRSK\VLFDDFWRWFVY RLRQFRQHRP
VXSSO\ DQG GHPDQG IRU IRUHVW HFRVA\VWHP VHUYLFHV

7R $VVLVW 3ROLF\ DQG ODQDJHPHQW 'HFLVLRQ PDNHUYV
SURYLGH GHFLVLRQ PDNHUV ZLWK DFWLRQDEG®DB Q@ Q FRS.RADMWI
RI lRUHVW HFRV\VWHP VHUYLFHYV

7R & RQWULEXWH WR .QRZOHGJH 6KDULQJ DQG 6FLHQFH 3RC
'LVVHPLQDWH UHVHDUFK ILQGLQJV WKURXJP GXFRFBWHR®G
HQKDQFH VFLHQWLILF XQGHUVWDQGLQJ DQG LQIRUP SROLF

(;3(&7(' 287&20(6
(VWLPDWHG %LRPDVV DQG &DUERQ 6LQN RI *DUEKDQJD 5)
(VWLPDWHG ZDWHU GLVFKDUJH GXULQ®.D@W\ TVNIDOAMIQW\ [RQ @
LQ WKH VWUHDPV VRLO DQG ELRPDVV GXULQJ ZLWKLQ *DUE
JLVWLQJ RI )ORUDO DQG )DXQDO ELRGLYHUVLW\ LQ *DUEKD(
(VWLPDWLRQ RI HFRQRPLF YDOXH RI QDWXWDR QLR XXBI$R
UHJXODWLQJ DQG FXOWXUDO VHUYLFHV RALDRQW MAMRVW K HR | R D!
FRPPXQLW\ DQG FLWL]JHQV
5HJUHVVLRQ PRGHOV IRU FDOFXODWLQJ VKM QGLIHH WIHH
*DUEKDQJD 5)
JORUDO ULFKQHVV DQG GLYHUVLW\ LQGH]
,GHQWLILFDWLRQ Rl KLJK &DUERQ VHTXHVWHULQJ WUHH VS
,GHQWLI\LQJ WKH WUHH VSHFLHV XQGHU DQWKURSRJHQLF ¢
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[,7(58$785( 5()(5(1&(6
'HILOLWLROQV DOG FODVVLILFDWLRQV RI HFRV\VWHP VHUYLFH
7KHUH KDYH EHHQ FKDOOHQJHV LQ HVWPHWLSRDQFLHYL YRIW V
IRU WKH DVVHVVPHQW TXDQWLILFDWLR QF H\D G 6Y DROX DWICRRE B
W UHPDLQV HYLGHQW WKDW QR VLQJOH SWDRHFHRDN WBW PRY
RSWLRQ IRU TXTOL@OWHIQQXP6(FRV\VWHP $VVHVVPHQW VKH® D
PHWKRGRORJLHV DUH LQ YRJXH DFURVV WK QI@REHXP$ (FRF
$VVHVVPHQW 0$ 7KH (FRQRPLFV RI (FRV\VVDHR DK SRR
,QWHUQDWLRQDO &ODVVLILFDWLRQ RI (FRV\WVWHP 6HUYLFHV

OLOOHOOQLXP (FRV\VWHR $VVHVVPHQW

2EMHFWKWHO$ DLPHG WR DVVHVV WKH VWDWKHRUWIRKERUB:
KXPDQ ZHOO EHLQJ SURYLGLQJ D FRPSUHKHQVLYWWNEW®K
VHUYLFHYV

JUDPHZRUKH 0$ DGRSWHG D IUDPHZRUN WK D W QO M R XIW HC
FDWHJRULHV YL] SURYLVLRQLQJ UHJXODWLQJ KROM/XWL
SHUVSHFWLYH RQ WKH EHQHILWY SURYLGHG E\ HFRV\VWHP\
$VVHVVPHQW 7XHRBBHEVMQYROYHG D JOREDO DVVHVVPHIGFW V
DVVHVVPHQWY DQG V\QWKHVLV UHSRUWW RQ®RE HBE UBMPLHRDIV |
HYDOXDWH HFRV\VWHP VWDWXV DQG WUHQGV

'H\ )LQGLQKM 0$ KLIJKOLJKWHG WKH VLJQLILFDQW FROWULE
EHLQJ ZKLOH DOVR LGHQWLI\LQJ ZLGHVSUHD @ R&DIBIDGH
HPSKDVL]LQJ WKH QHHG IRU HFRV\VWHP EDVHG DSSURDFKH
3ROLF\ ,PSOLZKMMWIR QWY GLQJV LQIRUPHG JOREDO SRODM GL
DGGUHVVLQJ HQYLURQPHQWDO FKDOOHQMXFKLRQVOWK B RLR)Q
RQ %LRORJLFDO 'LYHUVLW\ DQG WKH 8QLWHG 1DWLRQV )UD
SURSR@HPAE &KDLUHG E\ 'U S5REHUW :DWVRQ

7KH (FRORPLFV Rl (FRV\VWHPY(DRG %LRGLYHUVLW\
2EMHFWAL(Y% IRFXVHG RQ KLJKOLJKWLQJ WKH HFRQRPQBE )\
ELRGLYHUVLW\ DLPLQJ WR UDLVH DZDUHQHVRQRPRR F B/
HFRV\VWHP GHJUDGDWLRQ DQG WKH SRWHQWLDO EHQHILW\
JUDPHZRUN% HPSOR\HG DQ HFRQRPLF IUDPHZR UN ARV DWW HFK
VHUYLFHVY DQG ELRGLYHUVLW\ HPSKDVL]LQJ WHHAFR \HNRHE
FRQVHUYDWLRQ DQG VXVWDLQDEOH PDQDJHPHQW
$VVHVVPHQW73UREBYWROYHG FDVH VWXGLHV WK H PIDW/LLAEQW/H
DQDO\WLQJ WKH HFRQRPLF LPSOLFDWLRQV RIRNNRVQVWBHEPL
VHFWRUV VXFK DV DJULFXOWXUH IRUHVWU\ DQG WRXULVP
H\ )LQGLDI% GHPRQVWUDWHG WKH HFRQRPLF LPRFRURNVEIQPH
DV DJULFXOWXUH ILVKHULHV DQG ZDWH W NSO LKLV RO LL
LQ HFRV\VWHP FRQVHUYDWLRQ DQG UHVWRUDWLRQ

3ROLF\ ,PSOLFQWLR@GLQJV LQIRUPHG SROLF\ GLVFXVVLF
PDLQVWUHDPLQJ WKH HFRQRPLF YDOXH RILRORPDYNWOP B DR
SURPRWLQJ WKH LQWHJUDWLRQ RI HFRV\VWHPYMNEBHBSPHW
VWUDWHJILHV

SURSRQUQ3DYDQ 6XNKGHY

&RPPRQ . OWHUQODWLRQDO &ODVVLILFOWIRQ RI (FRV\VWHP €
2EMHFWL%H6 DLPHG WR SURYLGH D VWDQGDUGL]ARUIUD® 8 2
HFRV\VWHP VHUYLFHV IDFLOLWDWLKERARY @ HEBD\EH QY MAHD G
UHSRUWLQJ
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JUDPHZREN& (6 GHYHORSHG D KLHUDUFKLFDO RO DMRRML\FD W
VHUYLFHV LQWR WKUHH PDLQ FDWHJRULHWH USWRFHMW LRIQN K
VXEGLYLVLRQV DQG TXDOLILHUV IRU VSHFLILF VHUYLFHYV
$VVHVVPHQWS&3BEFEVRYLGHY JXLGHOLQHV DQG VWD Q@GEWD UG\
RITHULQJ D FRPPRQ ODQJXDJH DQG FODVVLILFDUMRQQW\
SUDFWLWLRQHUV WR XVH LQ HFRV\VWHP VHUYLFH HYDOXDW
.H\ )LOGL®J&(6 GRHV QRW SURGXFH DVVHVVPHQW UHSRUW
VWDQGDUGL]HG IUDPHZRUN IRU HFRVQUWHRHVHRNS B H DIEV\DH.\
DFURVYV GLIIHUHQW YWXGLHYV DQG FRQWH[WV

3ROLF\ ,PSOL&EB\W. RBSRUWY WKH LQWHJUDWLRQ RIRHFRYV
SROLF\ DQG GHFLVLRQ PDNLQJ SURFHVVHV E\PSWRDMG HQDE
VWDNHKROGHUV WR FRPPXQLFDWH DQG ARMSDUH HFRV\VWF
BURSROBIQ5R\ +DLQHV <RXQJ

,Q VXPPDU\ ZKLOH WKH OLOOHQQLXP (FRV\WWHP $VVKMVEWQ)
RI HFRV\VWHP VWDWXV DQG WUHQGV 7K¥HHUPRQRP 7K YR Il RFR
WKH HFRQRPLF YDOXDWLRQ RI HFRV\VWHP \OH&OIDRHAL | LIFQ®V
(FRV\WWHP B6HUYLFHV &,&(6 RIIHUV D VWDQGNVGWHFG VKD P
IDFLOLWDWLQJ FRPSDUDELOLW\ DQG FRQAPHQWH @FRQ GL @ HERRU
LQLWLDWLYH FRQWULEXWHV WR RXU X Q GRHSRAWNDIGEAHD JRRJI KX
EHLQJ DQG LQIRUPV SROLF\ DQG GHFLVLRQ PDNLQUCUHRFS VX
(FRV\VWHP $VVHVVPHQW 0$ RI DQG 7KH (FRHRPLFV R((¥
UHSRUW RI ZKLFK SURYLGH UREXVW DQG FRIGHHFAR®RPX
YDOXDWLRQ RI )RUHVW (FRV\VWHP 6NUPDGH W R6D OD JGH P B/H B
WKHVH HVWHHPHG IUDPHZRUNV B5HFRJQL]LRIJ WKKH HUH®HG H
SDUWLFXODUO\ LQ WKH FRQWH[W RI WKHF¥W UEKDN® RIS BOIR HU
FDUHIXOO\ VHOHFWHG DQG DGDSWHB\ WK ) G & HDUHG W R( % KHK 8 U
HQVXUHG D V\VWHPDWLF DQG VWDQGDUGLUEBE \WKIS URDHFEL B
FRPSDUDELOLW)\ RI UHVXOWYV %\ XWLOLYKMG PIHW®RRBRONRV L M\
DLPHG WR FDSWXUH DOPRVW IX0O0O VSHFWUXP RI )RUHVW (6

,Q HVVHQFH WKH GHFLVLRQ WR DGRSWQRGH WMKR GKQ & BHIOH\D B D L
D FRPPLWPHQW WR UREXVW DQG VFLHAWLIDEPIODQ JIDLSRVRXY
W UHIOHFWHG D VWUDWHJILF DSSURDBK GVE HVWY 13U D FNV HFVAWL
HITHFWLYHQHVY FUHGLELOLW\ DQG UHOHYDQFH RI WKH SUR

35(9,286 678',(6 21 48%$17,),&%$7,21 $1' 9$/8%$7,21
6LPLODU FDVH VWXGLHV VKRZFDVLQJ HFRV\VW HFHQBUX |V I
$VVDP

HVWHUQ *KDWV %LRGUYHDVL@L 1 RW/GRWD

D/RFDWLHRWNHUQ *KDWV ORXQWDLQ UDQJH DORQJ WKH ZHVWHF

E(FRV\WVWHP 6HHLAMWHUQ *KDWV DUH ULFK LQ ELRGUNPUVI
VHUYLFHV VXFK DV ZDWHU UHJXODWLRQ FOERDRWHH THJXWD)

F&DVH 6WKB\:HVWHUQ *KDWV DFW DV D FUXFLDO & DMRH P DA\DR/
ULYHUV LQ SHQLQVXODU ,QGLD 7KH\ DOVRVXSSRODNWH WIH:
WRXULVP DQG WUDGLWLRQDO OLYHOLKRRGV RI ORFD® FRP

G6LIJQLILFORFHHUYDWLRQ RI WKH :HVWHUQ *KDWWHF VN VMOF
VXSSRUWLQJ ELRGLYHUVLW\ DQG VXVWDLQGH®SHDGHPWYR
UHVRXUFHV
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6XQOGDUEDOQV ODQJURY.BQRKBEVBDWQD &KDNUDERUW\
D/RFDWERRB 6XQGDUEDQV GHOWD LQ WKH VWDWHV RI :HVW %|
E(FRV\WVWHP 6BMQIGCHMEDQVY PDQJURYH IRUHVWV SURYLGH
VHTXHVWUDWLRQ ILVKHULHV VXSSRUW DQG OLYHOLKR|RGV
F&DVH 6WKB\PDQJURYH IRUHVWYV Rl 6XQGDUEDQV DFWRWA D ¢
VXUJHV DQG FRDVWDO HURVLRQ SURWHRWXU®J FRID\WVWO\OR F
QXUVHULHV IRU ILVK DQG RWKHU PDULQH VSHFLHV VXS[SrU
G6LIQLILFORFWHUYDWLRQ DQG VXVWDLQDEOH PDQDJHPHQW
FULWLFDO IRU FRDVWDO UHVLOLHQFH @LRALQMHRYLMRPPKX
YXOQHUDEOH WR FOLPDWH FKDQJH LPSDFWV

' HVWHUOQ +LPDOD\D KB UDFERFKDQGUD /HOH

D/RFDWLROYWHUQ +LPDOD\DQ UHJLRQ FRYHULQJDVW B KMHYGEO LD
-DPPX DQG .DVKPLU

E(FRV\WWHP 6RAKNLEMWWHUQ +LPDOD\DV SURYLGH HFRM\VW
SURYLVLRQLQJ FDUERQ VWRUDJH VRLO FRQVHUYDWLRR D

F&DVH 6WKB\UHJLRQ DFWV DV WKH VRXUFH RI PD\WREU, QBEXNL
VXSSO\LQJ ZDWHU IRU LUULJDWLRQ K\GURSRZRQ\ HQ HHRSE
LQ WKH SODLQV 7KH +LPDOD\DV DOVR VXSSRUW WIRXU LVPGI
ZLOGOLIH WRXULVP

G6LIQLILFROFWHFWLRQ Rl WKH :HVWHUQ +LPDODWVHFXULWU
PDLQWDLQLQJ HFRORJLFDO EDODQFH DQG SURPRMNL@H RQWUIX\
VXFK DV GHIRUHVWDWLRQ ODQG GHJUDGDWLRQ DQG FPLP

$JURIRUHVWU) LO $QGKNG®KDPYRGHVEDLODMD DQG 0 3DGPP
D/RFDWSERQKUD 3UDGHVK D VWDWH LQ VRXWKHUQ ,QGLD
E(FRV\WWHP HURLRHWVWU\ VAVWHPV LQ $QGKUD 3 UDGH K \5 |
LQFOXGLQJ VRLO IHUWLOLW\ HQKDQFHPHQW FIRUER® PAVHT
FRQVHUYDWLRQ
F&DVH 6WXGE\ 9DQDGKDUD :DWHUVKHG 'HYHORSPHQW 3URMHI
DJURIRUHVWU\ SUDFWLFHVY DPRQJ ORFRIFQ HDWRHINWMR JRHSA
GLYHUVLI\ OLYHOLKRRG RSWLRQV HHYRIRWK/ WURSNVPOIE®
HQKDQFLQJ SURGXFWLYLW\ DQG UHVLOLHQFH WR FOLPOWH
G6LIJQLILFPDFAMIRUHVWU\ LQLWLDWLYHV FRQWULEXWHWWR \
DOOHYLDWLRQ DQG FOLPDWH FKDQJH DGD S W DR\DLQRRY. @ & |UOXHU
OLYHOLKRRGV LQ $QGKUD 3UDGHVK

SUEDQ *UHHO 6SDFHV'UQ+BHQQRAOUK QGUD
D/RFDW%RIQJDOXUX WKH FDSLWDO FLW\ Rl .DUQDWDND
E(FRV\WVWHP 68HUBODGHWVWHHQ VSDFHV LQ %HQJDOXUX SEHRYLGH
KHDW LVODQG PLWLJDWLRQ DLU SXULILFDWLRQ UHFUHDWI
F&DVH 6VXERQ 3DUN DQG /DOEDJK %RWDQLFDO *DUGHQ [LQ ¢
RITHULQJ UHFUHDWLRQDO VSDFHV ELRGLWHZVWWLQRWKAHS I
ODQGVFDSH 7KHVH JUHHQ VSDFHV LPSURYH DDA STUXHYLLC
UHFUHDWLRQDO DPHQLWLHV IRU FLW\ UHVLGHQWYV

GOLIQLILRIRAVHUYDWLRQ DQG H[SDQVLRQ RI XUEDQ XIUEI}(/) \%

UHVLOLHQFH LPSURYLQJ SXEOLF KHDOWK DQGQSYWRPRBPQKR
DPLGVW UDSLG XUEDQL]DWLRQ DQG HQYLURQPHQWDO @HJU
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.DILUDQJD 1DWLRQDOWDUNDQGD DQG 'U 5LQD OXNKHUML
D/RFDWLIRIQUDQJD 1DWLRQDO 3DUN ORFDWHG LQ WKH QR
E(FRV\VWHP 6BUYLBPQYD SURYLGHYV YDULRXV HFRV\VWWRR

ELRGLYHUVLW\ FRQVHUYDWLRQ ZDWHU UHJXODWLRQ D

UW
/QH U
QG
R1 W

F&DVH 6WXJGUDQJD LV UHQRZQHG IRU LWV SRSXODWLRQ
LV D JOREDOO\ WKUHDWHQHG VSHFLHV 7KHRGDWRN R®XK
ZLOGOLIH VSHFLHV LQFOXGLQJ WLJHUV HOMHIKDQ®M »
D FULWLFDO KDELWDW IRU PLJUDWRU\ ELUKYRXYCGFRKXE
UHVLGLQJ LQ DQG DURXQG WKH SDUN

G6LIQLILFORFWHUYDWLRQ RI .DJLUDQJD 1DWLRQDO 3DWN
SURWHFWLQJ HQGDQJHUHG VSHFLHV SURPRWLQJ OREX
FRPPXQLWLHY GHSHQGHQW RQ WKH SDUN V UHVRXUFHV

H$JHQFBPWLRXV RUJDQL]DWLRQV LQFOXGLQJ
$$VVDP )RUHVW 'HSDUWPHQW
+:RUOG :LOGOLIH )XQG IRU 1DWXUH ::)
+.DJLUDQJD &RQVHUYDWLRQ &RPPLWWHH

%UDKPDSXWUD 5'1UY HIWQ RMDO LA DND VK

D/RFDWIZREg %UDKPDSXWUD 5LYHU %DVLQ VSDQV VHYHWLD
$VVDP

E(FRV\VWHP 6MHKUWHY WAUHDDKPDSXWUD 5LYHU %DVLQ SURKFK ®NV

w
BGY
byl

DL\

(0] C

7 DI

SURYLVLRQLQJ LUULIJDWLRQ IORRG UHJXODWLRQ VHG
F&DVH 6WKBG\%UDKPDSXWUD 5LYHU LV D OLIHOVRUWYIRQ@J AL
Rl ZDWHU IRU GULQNLQJ DJULFXOWXU®MR REH® D IQAVX
DJULFXOWXUDO ODQGYV DQG GLYHUVH DTXDOVGE IERIGEBNLWD
WKH UHJLRQ LV DOVR SURQH WR IUHTXH QRWK MIPFORXG VYV HDMMVE

LQIUDVWUXFWXUH

| PH
D L\
8 BE
H P
DHHUP

GO6LIQLILFAXYMHDLQDEOH PDQDJHPHQW RI WKH % UDHK® 2% XpQUL

ZDWHU VHFXULW\ PLWLJDWLQJ IORRG/XESRVW ERQ @ WHKUHY
ULSDULDQ FRPPXQLWLHV LQ $VVDP
H$JHQFLHV
f %UDKPDSXWUD %RDUG
f &HQWUDO :DWHU &RPPLVVLRQ &:&
f $VVDP 6WDWH 'LVDVWHU ODQDJHPHQW $XWKRULW\ $6

$VVDP 7HD 30 DEDWDMWUWRPBUWKDNXU DQG 7DUXQ *RJIRL

D/RFDWBERQDP LV UHQRZQHG IRU LWV WHD SO® @M B Wi RIK
9DOOH\

E(FRV\WWHP 6RAHILSOWQWDWLRQV LQ $VVDP SURYLGH
FRQVHUYDWLRQ FDUERQ VHTXHVWUDWLRQ ELRGLYHUYV

103

0%

P X9

HFF
| W\

F &DVH 6WX@GDP WHD LV JOREDOO\ UHFRJQL]HGWRU7HW\SG
LQ $VVDP VXSSRUW WKH OLYHOLKRRG\XLHRY PRLRPO@W R QK XRN
WR WKH VWDWH V HFRQRP\ $GGLWLRQD®IOELWGEDYHUWV&
KDELWDW IRU YDULRXYV SODQW DQG DQLPDO VSHFLHV

DWW
U
\E\

GO6LIQLILFAXYMHDLQDEOH PDQDJHPHQW RI WHD SODQV\KD-MDB:!NX
RAQY

SUHVHUYLQJ ELRGLYHUVLW\ DQG SURPRWLQ@XNV®RH LIRGIG

FKDOOHQJHV VXFK DV ODQG GHJUDGDWLRQ DQG ODERX|
H$IJHQFLHYV

f7THD %RDUG RI ,QGLD

fSDLQIRUHVW $OOLDQFH

) UL

f$VVDP %UDQFK ,QGLDQ 7HD $VVRFLDWLRQ $%,7$
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0DQDV 1DWLR QW O) BDRIN$S KP HG

D/RFDWQBRQDV 1DWLRQDO 3DUN LV VLWXDWHG LQ WKH IRRWK

E(FRV\VWHP 6BHDYDWHMDWLRQDO 3DUN SURYLGHV HFR
SUHVHUYDWLRQ ELRGLYHUVLW\ FRQVHUYDWLRQ ZDWH
F&DVH 6WRQ@DV LV D 81(6&2 :RUOG +HULWDJH 6LWH MQU
ELRGLYHUVLW\ DQG VFHQLF ODQGVFDSHYV V/&AHF ISBDW NL D\
%HQJDO WLJHU ,QGLDQ HOHSKDQW DQG S\JP\ KRJ VOOH
DV WKH %RGR ZKR KDYH WUDGLWLRQDO FXOWXUDO WL
GOLIQLILREDRFMHHUYDWLRQ RI ODQDV 1DWLRQDO 3DUN LV

/\V W
U Ut
BAL R
C OR
XD V
HV V
LW L

FXOWXUDO KHULWDJH SURPRWLQJ HFRWRXULAVPP PXQGE YV IXHB\

$VVDP

H$JHQFLHV
f$VVDP JRUHVW 'HSDUWPHQW
f81(6&2

[LOQOWHUQDWLRQDO 8QLRQ IRU &RQVHUYDWLRQ RI 1IDWXWYH

&RPPXQLW\ JRUHVW 0DQDJH P$HWOKNL LK .XWP\DDP % RKUD DQG
D/RFDWRBQLRXV FRPPXQLW\ PDQDJHG IRUHVWY DFURVV

‘Y

SV VL

E(FRV\VWHP 6&RFRKQBVW\ PDQDJHG IRUHVWYV SURYLGH HKHFRV
VHTXHVWUDWLRQ ELRGLYHUVLW\ FRQVHUYDWLRQ ZDWHUV
F&DVH 6\ @RBPXQLW\ EDVHG )RUHVW PDQDJHPHQW RRRRM{DIWLL

WR SDUWLFLSDWH LQ GHFLVLRQ PDNLQJ LPBWHRKRE@WH

LQ WKH FRQVHUYDWLRQ DQG VXVWD L Q DEYGH ¥\WPH RZ HR U
R\D\\
R W

VHUYLFHV VXFK DV QRQ WLPEHU IRUHVW SURGXFWV H
G6LIQLILFORAFHXQLWN IRUHVW PDQDJHPHQW SURPRWHMYV
VWUHQIWKHQV VRFLDO FRKHVLRQ HQKDG@RKWUHEXWH

DRFLC
M QW F

DOOHYLDWLRQ DQG VXVWDLQDEOH GHYHORSPHQW LQ UXUD
H$IJHQFLHYV

f~-RLQW JRUHVW ODQDJHPHQW &RPPLWWHHV -)0&V

f1IRQ *RYHUQPHQWDO 2UJDQL]DWLRQV 1*2V 2UJDQL]DWLR

(FRORJLFDO 6HFXULW\ )(6 DQG ::)
fL.OGLDQ ,QVWLWXWH RI JRUHVW ODQDJHPHQW ,,)0

7KHVH FDVH VWXGLHV LOOXVWUDW H MAK I8 USR.WLH3H/GH EAD®LIH HRJIH
LQ $VVDP DQG XQGHUVFRUH WKH LPSRUWDQFHWR IDRRQFHR PN ®
SDUWLFLSDWLRQ IRU HQVXULQJ KXPDQ ZHOO EHLQJ DQG|HQY

&+$//(1*(6

&KDOOHQJHV LQ 6RLO 1 XWULHQW VRWXF&QMDM\O \ VL V* XIADHKDLX P

8QLYHUVLW\ KDYH DGYDQFHG UHVHDURFKHOQFHORQGHNQD QG
DQDO\VLY 7KHLU OLPLWHG LQYROYHPHOQMUDQGIRRPEE RI GQ
FRQGXFWLQJ VWXGLHV RQ VRLO QXWULHQW GRMW V& DRI\ WLt
GDWD DQG VFLHQWLILF LQVLIJKWYV ZKLFKQ/ XEDOTOOHLRQ\ RIP

&KDOOHQJHYVY GXH WR DEVHOQFH RI HVWDEOL\WXWHG H O BPIERDL

$EVHQFH RI DQ\ HVYWDEOLVKHG EHQFKP DWNI PU D IDQNEW DFGRITS E
JRUHVW 5) KDV SRVHG VLJQLILFDQW F KHOLOQOEHHQUIHHG/ W7KKH. \D|
HVWDEOLVK D WLPHOLQH IRU DVVHVVLQH®Y KH WRWEGD OL KWK
EHQFKPDUNV LW EHFRPHV GLIILFXOW DWRH DW K XU DRMHHOAW |
VHTXHVWUDWLRQ FDSDFLW\ RYHU WLPH
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*$36

*DS LQ 6RLO (URVLRQ 4XDQWLILFDWLRQYR'IHY HIURN LWRIQHL X V XH
QRWLFHDEOH DEVHQFH RI LQ GHSWK UHVHDUFKHDRWGL PR
TXDQWLILFDWLRQ SDUWLFXODUO\ DWPDR XPQHW W& AKX MCHO/ [X(
LQ JHRVSDWLDO DQDO\WLVY UHPRWH VHQVLQJ FRQW®W UKEXY
VXEVWDQWLDOO\ WR ILOO WKH JDS LQ TXDQWLI\LQJ WKH VF

*DS UHVXOWLQJ LQ GLVFRXQWLQJ SROOCEQPWMILRHG 6ENUYQVHY
DQG RWKHU SROOLQDWRUYV DUH FUXFLDCP IXWQ EWREBRYIQUV IZ W
Rl SROOLQDWLRQ VHUYLFHV LV RI XWPRVW L PGRLDWIDRYF R 1Z
'HVSLWH WKH VLIQLILFDQFH RI SROOHHIDUNIKRQ OQOGHUY ®IOBHWV |
FRQGXFWHG E\ WKH GHSDUWPHQW DV\ZWBRI® BDNVRYERHPR EXP QLG
EHQHILWY RI SROOLQDWLRQ 7KLV ODFN MMRVEQMW@WWU DLW HH S
FRQVLGHUDWLRQV LQ OLVW Rl )RUHVW (FRV\VWHP 6HUYLFH

*DS LO IXWULHQW 9DOXDWLRQ RI 6RLQW @ D% WEK BMXID Y5D) C
HFRV\WVWHP VHUYLFHV (6 ZLWKLQ WKH HMJWEKIDI\ DV RH WHL
HFRQRPLF YDOXDWLRQ RI VRLO QXWULHQRMRQ HK B U\ Q\DEQ ®OH
QXWULHQW FRQWHQW RI VRLO VWHPV |URP QWWHUQ B BNV RH GARL
VROG FRPPHUFLDOO\ 7KLV OLPLWDWLRR UR YL EH DQ SWOH FILLI
YDOXDWLRQ RI WKH VRLO V QXWULH QWL FRQWHY WP HKWFRI |
HFRV\WVWHP VHUYLFHV ,Q WKH DEVHQ®FW R GHMKMH.G N8 LRD/U |
PHWKRGRORJ\ KDG WR UHO\ RQ WKH JHQHUDOVPDKNGMW WEB
DSSURDFK RIIHUV D UHODWLYH SHUVSHRWQ YW KRIQ* MKEKBR @
IDOOV VKRUW RI FDSWXULQJ WKH QXDQFHE &KRQR P QRN EFHRF-
JRUHVW VRLOV DUH LQKHUHQWO\ ULFKQW®@ LEXWL@LF VR.D QW
HFRV\WVWHP SURGXFWLYLW\ SODQW JURZWKURRBW RPBNEC]
VRLO DV XVHG LQ WKLV DVVHVVPHQ\WWWRBY LFREH Q& HTXD Wi
RI VRLO W\SLFDOO\ IDFWRUV LQ EDVLF FKWLICADYD EKDW B FW
VSHFLILF QXWULHQW FRQFHQWUDWLRQV DQW OW KWIKUWH HHFFRRG
YDOXDWLRQ GHULYHG IURP VXFK D PDUNHMW EIDHHGS RWSIQ
XQGHUYDOXLQJ WKH WUXH ZRUWK RI WKH IRUHVW VRLO V Q

7KH DEVHQFH Rl FRPSUHKHQVLYH VFLHQWV IZEWKLRZ O/ & JG H5(
FULWLFDO HFRV\WWHP VHUYLFHV VXFKFBW WH\ OD@GWIR G QMQ G
FUHDWHG JDSV LQ TXDQWLI\LQJ WKH H@®WLK HV ( 6\WIKW UTHIEKADDL
DFWLYH HQJDJHPHQW E\ SUHPLXP L QW WH WEKWHY WRXNPIGV 7R | [P
HITRUW RI FROODERUDWLRQ LQ FRQGXFWLQJDRQIBAHQYWDID |
HFRV\WVWHP VHUYLFH LVVXHV H[DFHUEDWHYFWHKOWLQRZ Q B & U 5l
GULYHQ DVVHVVPHQWY IHZ Rl WKH LPSRUWDQWL({BHI®Y RXWOL
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6(/(&7,21 2) 678'< $5($

7KH VHOHFWLRQ RI *DUEKDQJD 5HVHUYHG )RUWWNMD L5]) F D§ PMKC
LWV GLYHUVH DQG ULFK HFRV\VWHBQ@VWFDWBILFVSD R WHW V k
FRYHUDJH RI DSSUR[LPDWHO\ KHFWDUHV BWKAXDMWHE VD\C
ERDVWV D UHPDUNDEOH ELRGLYHUVLW®QWQR@HY HAVD DVVIS KL
WKH UHJLRQ ORUHRYHU *DUEKDQJD 5) LV XQWHUWQ@ LRUAISF Wil
HWKQLF YLOODJHV UHVLGLQJ ZLWKLQYIL\W® D/YAH\. KDY LK HUHE
IRU VXVWHQDQFH GHULYLQJ EHQHILWYV 1URPWUND\G UWVR®D BHS
%H\RQG LWV HFRORJLFDO DQG VRFLR FXOWXUDW DMSRHGWDIQRE
UHVHDUFKHUV VWXGHQWY WRXULVWYV HQ YLLNHR QPHNHDDIE KHL
GUDZQ WR LWV HFRORJLFDO FRPSOH[LWWD QIBF&R WH\QHPL BB UIY
FRQVHUYDWLRQ VWUDWHJLHY 6WXGHQWVHQR®LRUWN D Q@ 6 KPH
OHDUQLQJ LQ HFRORJ\ IRUHVWU\ DQG HQYLURQXHWQW DEH UKk
RITHULQJ RSSRUWXQLWLHV IRU HFRWRXULVPHYLGGGLMLRQ
HQYLURQPHQW HQWKXVLDVWY DQG SKRWR DSHYK HILLW HDW\HH LI
IDXQD DQG FXOWXUDO KHULWDJH RI WKH UHJLRQ

,Q VXPPDU\ WKH VHOHFWLRQ RI *DUEKDQJD SHIZWVYB GXQRI
RSSRUWXQLW\ WR H[SORUH WKH LQWHUFRQ QNEWHR QN XPID\@Z.
EHLQJ DQG FXOWXUDO KHULWDJH ,WV SURFXROLWXUDR AXZIK
PDNH LW DQ LGHDO ORFDWLRQ IRU LQW HUG DWLE® LIGDLW LD
VXVWDLQDEOH WRXULVP GHYHORSPHQW FR @WWRLEXINLYDIMA R C

ODS RI $UHD RI ,QWHUHVW

GARBHANGA RF

ATTES, B TR

Et..lr:l.ﬁl.q_[:.al th
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$HULDO 9LHZ RI *DUEKDQJD 5)

6285&( 2) )81

(QWLUH IXQGLQJ ZDV SURYLGHG E\ WKH 6WDWHOS®BY H[S HX
DJDLQVW VXUYH\ ORJLVWLFV 7% '$ DQG SXEOLFDWLRQ RI W

7,00 /,1¢(
(QFRPSDVVLQJ YDULRXV DFWLYLWLHV RI WKH SDRMHFWQGWL
HQGLQJ DW -XQ DQG RXWOLQHG EHORZ

Activities

Collection of information from secondary Sources, Procurement of
@quipment, training of staffs, Organising the fisld taams

Collection of data from Govt. agencies, commercial agencies, urban
households

Collection of data from sampie points inside Garbhanga RF

Arranging & compilation of data, derriving inference, validating with
relevant reparts

Compilation of the report, peer group validation & publication

&2/1$%25%$7,21 ())2576

BHULHV RI PHHWLQJYV DQG GLVFXVVLRQNHHUH KB QO G QALWILKWW W
,,7 *XZDKDWL *DXKDWL 8QLYHUVLW\SSGLFBWNVRE® 8WOQOWUF
8QLYHUVLW\ RI 6FLHQFH 7HFKQRORJ\ DQG 0DQDUHKH QN W&
7(5, DQG 7%$7$% ,QVWLWXWH 6RFLDO 6FLBQFRU BG,68HCRRILY R Q
WR FDUU\ RXW WKLV KXJH H[HUFLVH RIVIXDQMR ID B DK WRH® W k
DGRSWLRQ RI VHOHFWLRQ RI (6 GDWD FRO@EHFWISRRQY N B QW RW
LQSXWV &ROODERUDWLRQ ZDV LQLWLDWHGWEZOWKH WKKH LIS O
IDFLOLWLHV IRU DQDO\VLQJ VRLO VDPSOW®HRR/XQHEFIMHPG/ W
FRPSUHKHQVLYH UHSRUWYV RQ VRLO QXWULHGWRGHEHQY DOX
LQVLIJKWYV LOWR WKH VRLO KHDOWK DQG IHUWLOLW\ RI WKH \
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'$7% &2//(&7,21 67587 (*,(6 DQG )250¢

6HSDUDWH VWUDWHILHY ZHUH DGRSI/W®E RJIRGGE H WIUIHQ W KHHQ G\
LQ *DUEKDQJD 5) DV IXUQLVKHG KHUH #

&DUERQ DQG %LRPDVV (VWLPDWLRQ DQG 6RFLR HFRQRPLF I
7KH J)RUHVW 6XUYH\ Rl ,QGLD )6, KD VORHHFWILLRXD RRAUFOK IGRHIY ¥
JRUHVW ,QYHQWRU\ 1), SURJUDP DOLJQLQN FUWRWLFWM UG
PRQLWRULQJ DQG DVVHVVPHQW 7KHYVHWGEDW DNVRROVHIRWLR\Q
JDWKHULQJ FRPSUHKHQVLYH LQIRUPDWLRQ R/QH RL)H VD WI
FROOHFWLRQ IRUPV DUH PHWLFXORXVO\ GHVWJ@QIFGVWRN |
LQFOXGLQJ IRUHVW FRYHU WUHH VSHFLHVVRRPBRY LWQRQ
HFRQRPLF SDUDPHWHU 7KH\ DUH VWUXFWXUHG B R RHOO/EKFEWM
IURP GLIIHUHQW UHJLRQV DQG HQDEOH W KRH YIHH QRIW DWW R
DVVHVVPHQWY DW QDWLRQDO DQG VXE QDWLRQDO OHYHOV
(DFK GDWD FROOHFWLRQ IRUP LV WDLORUXBKWR/ VSHFLILF I

f JRUHVW &RYHU 0DSSLQJ )RUPV IRU PDSSLQJ IRUHVW WRS
FDQRS\ GHQVLW\ DQG ODQG XVH

f 9HJHWDWLRQ 6DPSOLQJ )RUPV IRU FEEROHRPWRQJ GIB@ADL W
DW EUHDVW KHLJKW '%+ KHLJKW DQG KHDOWK VWDWXV

f BRFLR HFRQRPLF 6XUYH\V )RUPV IRU DVVHVWW\ W R ONRC
WKH GHSHQGHQFH Rl ORFDO FRPPXQLWLHV RQGI RUHVGN W
IRUHVW PDQDJHPHQW SUDFWLFHYV

f &DUERQ 6HTXHVWUDWLRQ DQG &OLPDWH &KDQJH VJYRUPYV
GHQVLW\ DQG RWKHU SDUDPHWHUV UHOHYDQW UDRVHAOLPY

7KH 1), GDWD FROOHFWLRQ IRUPV GHY HORSKRGR\O)R.) LIH/KH Q
LQWHUQDWLRQDO RUJDQL]DWLRQV VXFK DV WXHD)RR GN DK
,QWHUJRYHUQPHQWDO 3DQHO RQ &OLPDWH &KDQJHQJ,3&&
YDOLGDWLRQ DQG UHILQHPHQW SURFH VMHFV HAQRE HIQY XDV D F
DQG DQDO\VLV

'DWHU 5HWHQWLRQ DQG )ORZ

7KH IRUPDW IRU GDWD FROOHFWLRQ RQ ZOWWUYHOQRZSRY\BW
RQ K\GURG\QDPLFV %DVLFDOO\ ulORDW PHWKRGWZDWV IDGE
WKURXJK WKH VWUHDP

&OLPDWH IDFWRUYV

7HPSHUDWXUH UHJXODWLRQ E\ IRUHVW HRRWHYWBHE® W RV PD
HQYLURQPHQWDO EDODQFH DQG VXSSRUWLQL ELRREGXGIDWI
WHPSHUDWXUH DW YDULRXV VSDWLDO FO® & IVEHRSRUWDLF VG D E
DQG SK\WVLRORJLFDO PHFKDQLVPV

D 6KDGH DQG &DQRS\ &RYHU
JRUHVWY SURYLGH VKDGH DQG FDQRS\ FRY KU DXK DFEK/ KU &
E\ WKH IRUHVW IORRU DQG VXUURXQGLQJ ODY/E VFDIBHH @ K
LW IURP GLUHFWO\ UHDFKLQJ WKH JURXQG DQGIIHHF®XFDQ
VLIQLILFDQWO\ ORZHU WHPSHUDWXUHYV LQ IRUHVWHG DU



@Jmtg[icaﬁfon and Valuation cf Forest fcosystem Services at garﬁﬁanga RF 2023-24

E (YDSRWUDQVSLUDWLRQ
TUHHY DQG RWKHU YHIHWDWLRQ ZLWRQQ DRINHR/PAMHW H @ KB,
LV DEVRUEHG E\ SODQW URRWYV WUDQVSRUWHGEP RKIREKL
WKURXJK WUDQVSLUDWLRQ 7KLV HYDSRUDWKRQ SR ZRPRG
VXUURXQGLQJ DLU DQG UHGXFHV DPELHQW WHPSHUL
(YDSRWUDQVSLUDWLRQ UDWHYV DUH W\SLRFUDKWON HE JIUUHK DIV
WR ORFDOL]J]HG FRROLQJ HIIHFWYV

F $OEHGR DQG 5HIOHFWLYLW\
JRUHVWYV H[KLELW KLJKHU DOEHGR RU UHIONKWK YOLW E DR
VRLO RU XUEDQ DUHDV 7KH OLJKWHU HROBNIORF N DPYRHM
EDFN LOWR WKH DWPRVSKHUH UHGXFLQJ KSHIDM WEXWVRVY S
DOEHGR HIIHFW FRQWULEXWHV WR WKH RYHUDOO FRROL(

G OLFURFOLPDWH ORGLILFDWLRQ
JRUHVWY FUHDWH PLFURFOLPDWHVWKKMYD FRALH K HJH G XEP L
UHGXFHG ZLQG VSHHGV FRPSDUHG WR DGMW.IFFAR®GRWHR
FRQGXFLYH WR WKH JURZWK DQG VXUYLYDO RI XIKDGHL W
GXULQJ SHULRGV Rl H{(WUHPH KHDW )RUH\Z\WM B & KH B UFDR
DQG FRQWULEXWH WR UHJLRQDO FOLPDWH UHJXODWLRQ

H &DUERQ 6HTXHVWUDWLRQ DQG &OLPDWH SHIJXODWLRQ
JRUHVWY SOD\ D YLWDO UROH LQ F®UPHERMH GUHRIKGB WU
DWPRVSKHUH WKURXJK SKRWRV\QWKHVLV DP®OWWRULQX
FDUERQ VWRUDJH KHOSV PLWLJDWH WKH HRSHILIKVRXWY H V
RITVHWWLQJ WKH DFFXPXODWLRQ RI JUHHQKRXVH JDVHYV

JRUPDWYV ZHUH GHVLIJQHG WR UHFRUG WKHLWMEGSHULD/MGRP OX
SRLQWV ZKLFK FRYHUV WKH HWKQLEINV QWHFrRAMBEG DMO (R XAK |
DQG RI HDFK GD\ GXULQJ WKH ILHOG VXUY|

(WKQLF 9L0OODJH5HQIRVPQOW MHFRQGDU\ LQIRUPDWLRQ RQ O
QXPEHUV Rl KRXVHKROGVY FRPPXQLW\ ODQJXDKH DAEBRHBR
DYDLODEOH ZLWK WKH 'LYLVLRQDO )RWRVKH Q9 LILHD G. MPHIX
WKRVH YLOODJHV DQG VXEVHTXHQWO\ FROOHFW VRFLR HFR

'$7% &2//(&7,21 3/$11,1*

$ FRPSUHKHQVLYH SODQ IRU GDWD FROOHFWMLRIQWIHKH/ SSHYYTHRO-
EH PHDVXUHG DW HDFK VDPSOLQJ SORW LQFOXGLQJ #

fOHIHWDWLRQ FKDUDFWHULVWLFV WHKIH L WUWHHKWS Bl Ik WH \& D&JMDLE
f6RLO SURSHUWLHYVY HJ WH[WXUH RUJDQLF FDUERQ FRQWH
f(QYLURQPHQWDO YDULDEOHYVY HJ WRSRJUDSK\ HOHYDWLR
f&OLPDWH HJ WHPSHUDWXUH KXPLGLW\

f:DWHU YHORFLW\ ZLGWK DQG GHSWK RI VWUHDP

f6RFLR HFRQRPLF VXUYH\ RI YLOODJHUV

f6XUYH\ GDWD IURP FRPPHUFLDO DQG *RYHUQPHQRXXUW VRHIUDLG
SURYLGHUV YLVLWRUV ELNHUV MRJJHUV SKRWRJUDSKHUYV



KLOH GHVLIJQLQJ WKH GDWD FROOHFWLR®@ RKWP ¥\1)RW HR/Q\D 6.
,QGLD ZDV UHIHUUHG DQG DGRSWHG

0$132:(5 02%,/,6$7,21 DQG (48,30(17

6XUYH\ 7THDP

$ WRWDO RI' WHDPV ZHUH IRUPHG FER DUIRUWLIPVWR I5 D R B VI
ZLWK VXUYH\ DQG GDWD FROOHFWLRQ ZRURVYLQGDIHD/O QW
*RYW RUJDQLVDWLRQV DQG FRPPHUFL BGO® SIWWWMDE OUN R PH/Y\D
6FKRRO )RUHVW 5HVRXUFHYV DQG 6XUYH\ '"LYLRUW RWK H HIQ H W
SRVWJUDGXDWH LQWHUQV ZHUH DOVR HQJDJHG WR DVVLVW

)(6 7($06 )25 )(% $35
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35$1-%/ 35%$.%36+ '$6 )5 1,3 .$/,7% )5
1,583%$0% %$58% )5 .$0%/ '$6 )5
*$<$75, *2*2, )5 02,'8/ ,6/%$0 )*'
1,7<$ 1$1'$ '(.$ )*' 80(6+ &+ '$6 )*'
7(%$0 ,,, 7(%$0 ,9

7(%0 /($'(5 7(%0 /($'(5
3$1&+%/, +$=%$5,.%$ 5)2 .$6785, *26:$0, 5)2
*5283 0(0% (56 *5283 0(0% (56
+,52. +,1'2/ 6$50% )5 +,0$1*6+8 %+$77$&+$5<<$ |5
1$<$1021, '(.$ )5 35%1%% '(.$ )5
3+8.%1 &+ '$6 0%/, 0' 7$=,08//%+ )*'
35$',3 0$+$17% )*' -,7(1 &+ .$/,7% 0%/,
7(%0 9

7(%0 /($'(5

1,*$5 68/7%1% 5)2

*5283 0(0%(56

%,6+$1 %$680$7$5<

-$1 $/, %25% )*'

+(0(1 '$6

% ($87< 2:$5< )5




@Jmtg[icaﬁfon and Valuation cf Forest fcosystem Services at garﬁﬁanga RF 2023-24

)(6 7($06 )25 2&7 '(&

7(%0 ,

7(%0 ,,

7(%$0 /($'(5

7(%$0 /($'(5

0810, *2*2, 5)2

1,*$5 68/7%1% 5)2

*5283 0(0% (56

*5283 0(0% (56

08.81'$ 0$/$.$5 )5 ,

*$<$75, *2*2, )5

+,7(6+ .$/,7% )*'

021%$/,6+% .8/, )5 ,

-$1 $/, %25% )*'

02,'8/ ,6/$0 )*'

35%$',3 0$+%$17% )*'

1$5(1'5% 5$-%21*6+, )*'

7(%0 ,,,

7($0 ,9

7(%0 /($'(5

7(%0 /($'(5

35$1-%/ 35%.$6+ '$6 )5

+,051*6+8 %+$77%$&+%$5<<$

*5283 0(0% (56

*5283 0(0% (56

1$<$1021, '(.$ )5

%,38/ '$6 )5 ,

686+0,7% 3%7,5 )*'

1,583%$0% %$58% )5

3+8.%1 &+ '$6 0%/,

0' 7$=,08//%$+ )*'

$6,0 7(521 )*'

35$1-$/ 3$1*,1* )*'

7($0 9

7(%0 /($'(5

'+$50(6+:$5 1$7+ 5)2

*5283 0(0% (56

,/,3 .$/,7% )5 ,

0' $%'8//$ )5 ,

L %<2-<27, %$58%+ )*'

-,7(1 .$/,7% 0%/,

&RUH 7HFKQLFDO *URXS
$ FRUH WHFKQLFDO JURXS LV IRSP& G6LO@NE FE\OMPRPISEWE N BQ
6PW 3UHHWL %P6UDJR&EPQQ@HUYDWR B URI| O)RLIHH\GH)S D Y X DWW
&RQVHUYDWRBPW )RUMIVRMRQ I5HBABUFKBMIPAREHUY IRU GHV
HQWLUH H[HUFLVH SODQQLQJ PRQLWRULQJ FRXUMHGBRBHI
WKH ILHOG WHDPV DQG FRRUGLQDWLRQ ZL ®HKQMLDI® RHQ IVQLR
DQG GDWD DQDO\VLV IRU FDUU\LQJ RXW WKH DFWLYLWLHV

(TXLSPHQW

(QVXUHG DYDLODELOLW\ RI QHFHVVDU\ HTXLSPHQWFWRRQV
VXFK DV *36 GHYLFHV PHDVXULQJ WDSGRWNRRRNWVYDERSOHOQ
&DSDFLW\ EXLOGLQJ RI ILHOG SHUVRQQHO RQ VXUNHWSUR
PHDVXUHYV ZDV DOVR FDUULHG RXW
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)25 (&26<67(0 6(59,&(6

S3UH VXUYH\ DFWLYLWLHV

7KH YHFWRU OD\HUV RI /DQG 8VH /DQG 8VH &KRD®V HR EDNDA (
IURP 1(6$& OHJKDOD\D DQG IHHGEDFNVPIWRY (WKW I'URQW.RIC
LQVLGH *DUEKDQJD 5) SURYLGHG FUXFL D®GLIRIRWNPE WIKRPQ D
ZLWKLQ WKH *DUEKDQJD 5HVHUYHG )RUH&/\ |R)JHMW [ ODR/ \PL
YHFWRU RI SHUWDLQLQJ WR *DUEKDQJD SHWHUXYHYG ) RWH
UDQGRP VDPSOH SRLQWYV |IROORZLQJ VWHSYV ZHUH WDNHQ

([LVWLQJ /8/& YHFWRU GDWDVHW REWDLQHG XGRIF 1H® D& \BLL
SRO\JRQV UHSUHVHQWLQJ GLIIHUHQW ODQG FRR'M U. KDDIVI\
30DQWDWLRQ HWF RI *DUEKDQJD 5)

$ VWUDWLILHG UDQGRP VDPSOLQJ DBSWDRDBK GW IGQWIG) @ H €
ODQG FRYHU FODVVHV 7KH JRDO ZDV W R SHUGW HWDHV VW D WH
FODVV SURSRUWLRQDWHO\ WR LWV H[WHQW LQ WKH /8/& F
8VLQJ *,6 VRIWZDUH? H 4*,6 $UF*,6 SUH VXUYHU DIDIDG RZP
HDFK VWUDWXP 7KH QXPEHU RI VDPSOHQYRUWQ\GY WHKGIHILB
FROOHFWLRQ ZRXOG DGHTXDWHO\ UHSUHVHQW WKH GLYH
(DFK Rl WKH JHQHUDWHG VDPSOH S@&GQGHMWIDQ OMIGH RIE WO
PHDVXUHPHQWY UHODWHG WR ODQG FRNHW YW SHD QGHD W
RU GLVFUHSDQFLHV FRPSDUHG WR WKH /8/& FODVVLILF
$WWULEXWH GDWD IRU HDFK VDPSOH SRLQW UEBB®WGHQ N
VSHFLHV FRPSRVLWLRQ GLVWXUEDQFHLRHYHDW FRQ G HFWN
FDQ UHILQH RU XSGDWH WKH H[LVWLQJ /8/& FODVVLILFDW
2QFH ILHOG GDWD FROOHFWLRQ LW DFRIPG\VHIG HW RV K IS GFIRWD i
H[LVWLQJ /8/& FODVVLILFDWLRQ 7KLV LQYROY MH®RDGM X
UHFODVVLI\LQJ ODQG FRYHU W\SHV EDVHG RQ M/KDW EEBW
UHIOHFW WKH FXUUHQW VWDWH RI *DUEKDQJD 5) SSSS
3UH VXUYH\ ILHOG GDWD ZDV XVHG WRY D&KRGHMEH $UKHD B |
LGHQWLILHG ZKHUH WKH PDS QHHGV UHYLVLRQ EDVHG RQ
3UH VXUYH\ ILHOG VXUYH\ GDWD ZDV L QWRH TRV WIHEX WRIW
/8/& YHFWRU GDWDVHW WR UHIOHFVWE XWKH XS IGRW B & [FFO® \J ¥
WKH ILHOG DQG IUHVK PDS LV JHQHUDWHHGL IEV Y DIOH\GHD \R D
LQVWUXPHQWDO LQ UH GHOLQHDWLRQ RIWD W\BXY OR\GI O
FDWHJRULHY HQDEOLQJ D FRPSUHKHQVLYH XQ GHHVW DQ!
HODERUDWLRQ RQ WKH GHOLQHDWHG OD\HUV DQG WKH VL

6&58% )25(67 23(1 )25(67
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%$0%22 3/$17%$7,21

6FUXE JRUHVWYV 6) EDQRS\ GHQVLW\

7KHVH DUHDV FRPSULVH YHIJHWDWLPDP@2LWK\DVWERDY R BDO
FDQRS\ GHQVLW\ 6FUXE IRUHVWYV RIWHQ UHBW HAKDQMD FAUH
E\ WKH SUHVHQFH RI VKUXEV JUDVVHV DQG VFDWWHUHC

2SHOQ JRUHVWYV 2) FDQRS\ GHQVLW\

2SHQ IRUHVWY KDYH D PRGHUDWH FDQRS\ FRYHWUXQMDQJK®
WKDQ VFUXEV WR SHQHWUDWH WKH IRUHRIWWIWHRHR ¥ S AIKH N
YDU\LQJ GHQVLWLHYV SURYLGLQJ KDELWDW IRUXGEYWHRW
VXFK DV FDUERQ VHTXHVWUDWLRQ DQG VRLO VWDELOL]D
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LLLOHGLXP 'HOVLW\ ) )RUHVWYV 0") FDQRS\ GHQVLW\

LY

YL

YLL

OHGLXP GHQVLW\ IRUHVWYV H[KLELW D UHODWLYHO\ GHQ\
7KHVH IRUHVWY DUH FKDUDFWHUL]HGHM D Q@& HEHW WU F®IC
FRQWULEXWLQJ WR HQKDQFHG ELRGLYHUVLW\ DQG HFRO

9HU\ '"HOVH JRUHVWYV 9') ! FDQRS\ GHQVLW\

9HU\ GHQVH IRUHVWY KDYH D KLJK FDQRSGHRYHUDI[E& HHD
FDQRS\ VWUXFWXUH 7KHVH IRUHVWY DUH W\ ¥IHRHOD\WH
VXSSRUWLQJ D ULFK DUUD\ RI IORUD DQG IDXQD DQG SUF

JRUHVW %ODQNYV

JRUHVW EODQNV UHSUHVHQW QRQ IRUHVWRBHQDWDNVWREL
URFN\ RXWFURSV RU EDUUHQ WHUUDLQQVKMALIR @ JRQN\PE
GLIIHUHQW IRUHVW VWDQGV RIIHULQJ YQWXWE D8 A Q¥R
SURFHVVHYV

KDULI $JULEXOWXUDO /DQGYV

.KDULI FXOWLYDWLRQ DUHDV HQFRPBDKNKDIJIJILL B X OAKXWMHO
FURSY DUH W\SLFDOO\ FXOWLYDWHG GXULQJIPWX H QFFROQN\GH
ULFH SDGGLHV PDL]H ILHOGV RU RWKHU UDWQHHG ® D R/S
DQG DQWKURSRJHQLF ODQG XVHV ZLWKLQ WKH IRUHVW O

%DPERR

%DPERR IRUHVWY UHSUHVHQW DUHDV GRPLQDADIO®\ED EC
HFRQRPLFDOO\ VLIJQLILFDQW FRPSRQHQWYV Rl IRDHVRXM
HFRV\WVWHP VHUYLFHV LQFOXGLQJ ORBLOLWWDEKBR®WKRS
FRPPXQLWLHY WKURXJK EDPERR KDUYHVWLQJ DQG FUDIW

YLLLSODOWDWLRQV

L[

SODQWDWLRQV UHIHU WR DUHDV ZXK®®& H MQLHHNG DEH BERIF
QRQ FRPPHUFLDO SXUSRVHV W\SLFDOO\ LQ PRQRFXOWXI

:DWHU %YRGLHV

$GGLWLRQDOO\ REWDLQLQJ OLQH VKDSH I|LKOH ¥DIREK D QY
5) LV FULWLFDO IRU XQGHUVWDQGLQJ K\GDR® RILADWDLE \K
FRQQHFWLYLW\ ZLWKLQ WKH IRUHVWWID Q/EWFDB SO L QKBW
QHWZRUNV VWUHDP FKDQQHOV DQG ULSWHUDDXDROQAMM E
ELRGLYHUVLW\ DQG HFRV\WWHP KHDOWK ZIPVNK®D SMKH.C
REWDLQHG IURP 1(6$& VHUYH DV YDOXBEQH. QHRVISID \K LB
IHDWXUHV ZLWKLQ WKH *DUEKDQJD 5)
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[ $VVLIQLQJ VDPSOH SRLQWYV IRU ELRPDVYV DQG FDUERQ H'
%\ DQDO\VLV RI WKH IUHVK WKHPDWLF /8/8&) PDSV +WKH |

1R 6WUDWD $UHD
9") |
0') |
2) |
6 K
%DP| K
JRUHVW K
30DQ K

| KD K
7RWDO KD

ALLOTMENT OF STRATA IN GARBHANGA RF
PLANTATION

$SSO\LQJ VWUDWLILHG UDQGRP VDPSOLQJ SULQFLSOH DC

SORWYV RI VL]H KD HDFK KDYH EHHQL®LB WHDY¥ XSVUHRG RAF
WR HDFK VWUDWD RI IRUHVWY WDNLQWRWEBD®Y LOOVRS HR
DV +

1. $ & W

KHUH

1. 1XPEHU RI VDPSOH SRLQWYV DVVLIQHG WR HDFK VWUD
$¢ $UHD DVVLIQHG WR HDFK VWUDWD

$w 7RWDO DUHD RI WKH )RUHVW

lw 7TRWDO QXPEHUV RI VDPSOH SRLQWYV

1R 6WUDWD 1R RI VDPSOH SRLQWYV

)
)
)
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%DP
JRU %Ol
30DQ
KD
7RWDO

$VVLIJQLQJ GDWD FROOHFWLRQ SRLQWV IRU ZDWHU IORZ DG
JROORZLQJ WKH UDQGRP VDPSOLQJ SULQFLGR®J @KW DUERID
VWUHDPV ZLWKLQ WKH *DUEKDQJD 5H VHLFDHG ) RAHHOVHE WAHKGH
D GLYHUVH UDQJH Rl FKDUDFWHULVWLFV X\QIF®IX G b QN HFXRF
HQVXULQJ D FRPSUHKHQVLYH VDPSOH RIDNKSHED W HIG ERX® EH
FROOHFWLRQ SRLQWY DUH GLVWULEXWHG D CSRPO@JDVWR WD ®H
RI NLORPHWUHY $W WKHVH GHVLJQDWHMGY SRRFWW\ HAM\G
GHSWK DUH PHWLFXORXVO\ UHFRUGHG G XU ISQUR FHMV ®UWP
DFFXUDWHO\ HVYWLPDWH WKH WRWDOUHEZPWHSUGBYVEKRQU JHDRD
LQWR WKHLU ZDWHU UHWHQWLRQ FDSDFLW\ ZLWKLQ WKH *C

,GHQWLI\LQJ WKH ORFDWLRQ RI (WKQLF YLOODJHV IRU VRFl
%DVHG RQ WKH UHFRUGV KRXVHG ZLWKLQ WK H RUN.F H DR/IW
'LYLVLRQ FRPSUHKHQVLYH LQIRUPDWLRQ UHJD WG LYQLD W B 8iH
DORQJ ZLWK WKHLU FRUUHVSRQGLQJ WUQEMHIGORUOLDIWURQ
UHFRUGV RIIHU YDOXDEOH LQVLJKWY LQWROWRBOGERWRX@I
UHVLGLQJ ZLWKLQ WKH DUHD RI LQWHUHWWG D D GV K W LCRAY
DOVR LQFOXGHG GRFXPHQWLQJ WKH GHSHQGHQF\DRG RRWHK
WDQJLEOH EHQHILWYV 7KLV FRPSUHKHQVLFY X QOSESUNRDE Q GLRD
PXOWLIDFHWHG UHODWLRQVKLS EHWZWHEBFARRDOHPR PAX BI
LQIRUPDWLRQ RQ ZDWHU XVDJH DQG RWKHUYWDQUL)BWHOEI
PHGLFLQH IRRG IRGGHU WLPEHU EDPERR OWaR DGHI LIQHIM
LQWULFDWH LQWHUGHSHQGHQFLHV WKDW RXQIRHWWHHS/WD G\WM IS H
FRPPXQLWLHY 7KLV GDWD FRQWULEXWMVH YRDIODRIJEHO/AV Y QEVHL\
HFRQRPLF FRQWULEXWLRQV KLJKOLJKWLQJ RAKNMUH B LWHRWWI
DQG HQKDQFLQJ FRPPXQLW\ UHVLOLHQFH

60O 9LOODJH +RXVHKRO&RPPXQL\3RSXODW/LYH 6WRFN
1R I1XPEHUYV
&RZ *RDW
$PUI .DL
1DWXQ *D .DL
'RORLS .KD
1DWXQ -DO .DUEL
ODW .DL
1D U( .DL
.D\DPSI .DUEL
20G *DU .DL
80X .DL
-DOXN .DL
*DUEK .DL

3DKD! .DL
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*DUEKDQJD 1HSDO
% D
%R U DL
IDWXP S DL
1XPDOL DL
7KHNHU .DL
'HNDS 5DE
1DX DL
7RWDO
SOCIO-ECONDMIC DATA
.t L Lh ba Tha_ 1l 1 .
#’a#jﬁ;f ﬁfﬁijgagdﬁyf g*ffffﬁ ﬁ;#fﬁﬂfﬁf
v
I

Hiphpbl  ® Pagaaaen B Lovae Bl

$(5,%/ 9,(: 2) (7+1,& 9,/1$*(

,GHQWLILFDWLRQ Rl ORFDWLRQ RI ORFDO PDUNHWYV

7KH LGHQWLILFDWLRQ ORFDWLRQ D GGYRWMNY WURHHWL R | VKR
WKH YDOXDWLRQ RI IRUHVW HFRV\VWHP VHUWWFHY ZARAQNE
6SHFLILFDOO\ WKLV DVVHVVPHQW IRFXWH\WO R KIQE B QV IWEX
SURGXFWV WKHUHE\ KHOSLQJ LQ FRJQL]DXEH VRK K KHUEKRQ
WR ORFDO YLOODJHUV DQG FLWL]HQV[BP *GZOQ X DMKLH DPALLNNH-
IRUHVW SURGXFWV DUH WUDGHG ZH JDLQ D GHRONUPRGGE HE
WKH IRUHVW HFRV\VWHP SDUWLFXODUO\ LQ WHUPV RI WDQ
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6HOOLQJ DFWLYLWLHV LQ /RFDO PDUNHWYV

7KLV DVVHVVPHQW VHUYHV DV D FUXFLDDOWRROXHRRI GGRIW I
VHUYLFHV RITHUHG E\ WKH *DUEKDQJDLER K&V AKQGLUHHG @/ G H |
FRPPXQLWLHY 7KURXJK WKH H[FKDQJH RI*DRUBK\D/Q B BGXBR
HVVHQWLDO UHVRXUFHV VXFK DV IRUHYXWFKREBWD QG OW WPy
VXEVLVWHQFH QHHGV RI IRUHVW GHSHWKH W YAHRPHX Q HW K B
XUEDQ SRSXODWLRQV LQ *XZDKDWL

$FNQRZOHGJLQJ WKH GLYHUVH UDQJH RI IRXB\LW JISHER IGX® M ¢
PHGLFLQDO KHUEV DQG UDZ PDWHULDOV IRFHWBQGQGQPBPWX
SURYLVLRQLQJ VHUYLFHV RIITHUHG E\ WKH *DUEKDNRID Bl DY
HFRQRPLHV EXW DOVR XSKROG FXOWXUDO WUMDDAGLRML RTHKWH X
ORFDO PDUNHWY DUH OLVWHG DV =

*DUEKDQJD IRNKUD *XZDKDWL
6DRNXFKL 6DXNXFKL *XZDKDWL
/IRWDNRWD %DVLVWKD *XZDKDWL
%HOWROD %YHOWROD %DVLVWKD

LOCAL MAHSETE REAR QARTHAHLA BF
i e ek
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/ID\LQJ RXW RI VDPSOH SORW RI KD IRU FROOHFWLRQ RI \
8SRQ UHDFKLQJ WKH FHQWUH RI WKH RSUWRKH CBVRE QAR X\M H B \
6( DWR 6RXWKZHVW R6DQBWLIRUWKZHVMWFRLUQBW RI WKH SOF
DFKLHYHG E\ PHDVXULQJ D KRUL]JRQWDO GLVWDQ¥FHL®J D
PHDVXULQJ WDSH LQ DOO IRXU GLUHFWLRODRI 7KIHRWR D H W U
KHLIKW RI PHWHUV ZHUH SODFHG DW WKHDH MUVU FFLRAJLMW-
YDULRXV SRLQWYV ZLWKLQ WKH SORW WKNHH@®RIWRQ @ HRG WK
GLPHQVLRQV RI WKH SORW ZHUH VXEVKUK@ O W K\RUH UR QMVMABO
PHWHUV

$ FRPSUHKHQVLYH WUHH HQXPHUDWLRQDADXW HRBGWFWNMHG U
RI YDULRXV WUHH SDUDPHWHUV 7KHWAUSIBIUDR G M/ HKUHV. JLKQ\E (
EUHDVW KHLJKW DQG FURZQ GLDPHWHU DORQRPHRWK/PPB®
FRQVLVWLQJ Rl WZLJV EUDQFKHV DQG OSFUWIRDHR H WKOH
SUHFLVHO\ PHDVXULQJ P[ P[ PLQ YROXRBJTIKZRRGRSAL
RI LGHQWLFDO YROXPH 6XEVHTXHQWO\ WKH\ WG QZH\L JK-
PHWLFXORXVO\ UHFRUGHG IRU HDFK WUHH VSHFLHV VXUYH)

/ID\LQJ RXW RI VXE SORWYV RI IRU FROOHFWLRQ RI JURXQ!

&RQFHQWULF VXE SORWV RI YDU\LQJ VIUHDN XWU@EJGHEH) BD!

WKH 1( DQG 6: FRUQHUV RI WKH VDPSOH SORWYV 7KHVH VXE

L 6XE SORWV PHDVXULQJ P [ P GHVLJQ DWIKBGOIRWI NV KHH M
%": $O00 GHDG VWXPSV ZHUH PHDVXUHG BRGHEE R GOHDRGA
ZHLIKW PHDVXUHPHQW ZDV FDUULHG RXW

LL 6XE SORWV PHDVXULQJ P [ P DOORFDWH®R GR 6 ' VWKMOQH [
VKUXEVY DQG FOLPEHUV $00 VKUXEV AWK ¥XRORROVVHGLD® |
+G 4U WR FDOFXODWH LWV GU\ ELRRFROGQ/YV BEPZIODH F\RDOE
ZHLIKHG

LLL 6XE SORWYV PHDVXULQJ P [ P GHVLIJQDWHG $WU IWR/AV LK
DUH XSURRWHG VXEVHTXHQWO\ OLWWHU VFIW}HR0 BQIGQ B DAJW
+G 4U IRU PHDVXULQJ GU\ ELRPDVV $00 KHURWY ZPHHDH XI$IU
GU\ %LRPDVV

LY 6XE SORWYV RI VL]H FP; FP GHVLIQRMOHBDIR G X R RAW
SLWV LV PLIHG SURSHUO\ PHDVXULQJ FP [ FPPSGR BOQG

JUDPV ZHUH FDUULHG WR +G 4U IRU GU\LQJDOJER ¢ HDQXE

PDFUR QXWULHQW DQDO\VLYV
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90$/8%$7,21 7(&+1,48(6

ODUNHW EDVHG $SSURDEFK

7KH PDUNHW EDVHG DSSURDFK WR YDOXDBWURQ FKIO DRIWH VA
SHUVSHFWLYH RI SURYLVLRQDO VHUYLFHV VKHEKRRG | RHHV
DVVHVVLQJ WKHLU HFRQRPLF ZRUWK WK URXRIKV H [AKHWVLHQ ¥ HRL
GHHSO\ LOWHUWZLQHG ZLWK KXPDQ ZHOW HHFRQR P QR YIDLOH
EH TXDQWLILHG WKURXJK PDUNHW EDVHG PHFKDQLVPV

DJRUHVW )RRG
JRUHVWYV SURYLGH D GLYHUVH DUUD\ RI HGIHE & B USYGHD/QWH\G

FRPPXQLWLHYV IRU FRQVXPSWLRQ RU VDOH 7KRP® WUKQHNWOE
DVVHVVLQJ WKH GHPDQG DQG VXSSO\ GARPWIVFRURHYWQED
SRWHQWLDO PDUNHW YDOXH )DFWRQXWWXEW LIRVQ U B DWIRAYTH
HFRQRPLF ZRUWK RI IRUHVW IRRG SURGXFWV W\ IRRDBQV
SROLF\PDNHUV FDQ EHWWHU XQGHUVWDQG W K HWLR@W WL
ORFDO HFRQRPLHYV

EJRUHVW OHGLFLQH
JRUHVWY DUH D ULFK VRXUFH RI PHGLFLOD@FGCGDOWWLHFRS
SKDUPDFHXWLFDO DSSOLFDWLRQV 7KH PQNH NKW REDWHNG DYC
WKH GHPDQG IRU DQG VXSSO\ RI PHGLFLQDO SO WQW @ LIVDL |
PHGLFLQH PDUNHWY (FRQRPLF LQGLFDWRUHW VRIS PWGILD
SODQW FXOWLYDWLRQ FDQ SURYLGH LQFHGKWINVQHQWR F\WR K
WKH PDUNHW YDOXH RI IRUHVW PHGLFLQH KQVYKOLIDIWWLR
PDLQWDLQLQJ ELRGLYHUVLW\ DQG VXSSRUWLQJ KHDOWKF

FIJDLUHZRRG
JLUHZRRG UHPDLQV D YLWDO HQHUJ\ VRXUFHDIRQ\ RIQQOXBIL

IRUHVW GHSHQGHQW FRPPXQLWLHV 7KH PDUNHWYHEDNVHG
DVVHVVLQJ LWV PDUNHW SULFH DQG GRROP®VYNXNB®O\ GDEY
DV DFFHVVLELOLW\ HQHUJ\ FRQWHQW \WRIG BORRPQEBWILL
ILUHZRRG %\ TXDQWLI\LQJ WKH PDUNHW YDOXH RI\IDBHAR
FKDOOHQJHV SURPRWH VXVWDLQDEOH[BOROZRRGWBQOQD MW
VROXWLRQV

G %DPERR
%DPERR UHIHUV WR D GLYHUVH JURXS RI IDVW BRRADH PS.
7KLV YHUVDWLOH SODQW LQFOXGHV YDUWHBRXWWAMFNFREE XV
FDQ EH XWLOL]HG IRU PXOWLSOH SXUSBEHW XVUXF IS DYHRR®
KDQGLFUDIWVY DQG HYHQ DV D IRRG VRXUFHPD}RGBUWLR Q
SURGXFLQJ SURGXFWV OLNH EDPERR FKDUFRDO YLQHJDU

%DPERR SOD\V D FUXFLDO UROH LQ WKH ONLYHINO LKBRRGLG R C
ZLWK HVVHQWLDO UHVRXUFHV IRU VKHOWBRW LLKHAR P UW
EDPERR FRQWULEXWHV WR HQYLURQPHQW B3O RPRWNDQLIQ W
VWDELOL]DWLRQ FDUERQ VHTXHVWUDWLRQ [DEGEG OZDW HW
UHJHQHUDWH TXLFNO\ PDNH EDPERR D VX\DW DG IQIREMN VDI
SUHVVXUH
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2QH Rl WKH PRVW VLJQLILFDQW HQYLUR GPHEWR DOV HRARQHVL
SRWHQWLDO $FFRUGLQJ WR UHVHDUFK EDPWKRR F PO ¥YHW
VSHFLHV GXH WR LWV UDSLG JURZWK UDWH HD ®&RKIQI KV E|
EDPERR FDQ DEVRUE XS WR PHWULF WRQV RI|VFDRERQOC
EDPERR IRUHVWY KDYH EHHQ IRXQG WR VWRUH EHWZHHQ
VL]HG WUHH IRUHVWYV

%DPERRYV DELOLW\ WR TXLFNO\ UHJH Q H UCDAHE QW X B W\
FDSDFLW\ 8QOLNH WUHHV ZKLFK PD\ @WENHKBDHFBGWW GV RC

\HDUV ZLWKRXW UHSODQWLQJ DOORZLQJ IRU FROWLQ
HIWHQVLYH URRW V\WVWHP KHOSV LQ VWR®QL QWHRPUERQE R®
HYHQ DIWHU WKH DERYH JURXQG ELRPDVV LV KDUYHVWHG

%DPERR RIWHQ KDUYHVWHG DQG SURFHVVRGIEO® ORRZO HF®
WHFKQLTXHV DQG LW LV WUDGHG ERWK OHRWF DIOQCRODXGE Q.1
SROLFLHV DQG SURJUDPV KDYH EHHQ GHYHORISE® WG
PDUNHWLQJ RI EDPERR DLPLQJ WR LPSURYH WKH HWLYHC
FRQVHUYH ELRGLYHUVLW\ DQG SURPRWH IVWXH/QVDW DKELOI K T
VHTXHVWUDWLRQ SRWHQWLDO EDPERR GXDWLHIRIDRHBGQ
FRPSRQHQWYV LQ JOREDO VWUDWHJLHY WR FRPEDW FOLPD

GO0)3
OLQRU IRUHVW SURGXFH 0)3 UHIHUV WRRGXEWHN GHQLH HR
IRUHVW HFRV\VWHPV 7KHVH SURGXFWW LMW OYXGEE VW DQXW)
OHDYHV URRWVY EDUNV UHVLQV DQG IORZHUN[] DWW EHDQ
EDPERR 0)3 DOVR HQFRPSDVVHV DQLPDO 3SUPDE&CF WV FV XORWF
DV RWKHU LWHPY OLNH PHGLFLQDO KHUEV PXVKURRPV D

7KHVH SURGXFWYV SOD\ D FUXFLDO UROH LEX®KW LY HQLR
WKHP ZLWK HVVHQWLDO UHVRXUFHV IRU IRRGDRBGREXOY
SUDFWLFHV $GGLWLRQDOO\ 0)3 FRQWULEWXWIDPL QDRE CEL RI
PDQDJHPHQW DQG WKH RYHUDOO HFRV\VWGIRFP XWHB RVK RE
UHVRXUFHY DQG UHGXFLQJ SUHVVXUH RQ WLPEHU H[WUDF

0)3 DUH RIWHQ KDUYHVWHG DQG SURFHVVHG EOPGFID ® GE
WHFKQLTXHV DQG WKH\ DUH WUDGHG ERMRXQWEDRBD\ IDYF
,QGLD SROLFLHV DQG SURJUDPV KDYH EHH® GHINFHRBM &
PDUNHWLQJ RI1 0)3 DLPLQJ WR LPSURYH WKH OHWY HOR®RIRG
ELRGLYHUVLW\ DQG SURPRWH IRUHVW FRQVHUYDWLRQ HI

6WDWHG 3UHIHUHQFH $SSURDFK

7KH YDOXDWLRQ RI IRUHVW HFRV\VWHP WH$Y% B RIBDFWKORKX\
DVVHVVLQJ WKH HFRQRPLF ZRUWK WL QXK BV HIWHH QEFMYVDRX
SD\ :73 IURP LQGLYLGXDOV RU KRXVHKROGV C8QROQ NRHE \PHDWY
PDUNHW WUDQVDFWLRQV WKH 6WDWHG FKILHXHYFW R $ROF
RQ SHRSOH V VWDWHG SUHIHUHQFHY DQG YDOXHV IRU VSHF
$GPLQLVWHULQJ VXUYH\V WR D UHSUHVH®WDBDWDBH RQ FSSUHH
YDOXHV DQG :73 IRU IRUHVW HFRV\VWHP KAHRIXIKF HD F H XWUR
LQWHUYLHZV PDLO VXUYH\V RQOLQH VXUY HMD URH V& KSARCSHX C
DQG UHVHDUFK REMHFWLYHVURKUWDWSBRDPKDIFWYXLWDH® B
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ELUGZDWFKLQJ DQG ZLOGOLIH YLHZLQJ LVYRARODMMGHGL IVIKH
DHVWKHWLF VLIQLILFDQFH

SHYHDOHG 3UHIHUHQFH $SSURDFK

7KH YDOXDWLRQ RI IRUHVW HFRV\VWHP V HSSLFRIVF K VILADYIF
DQDO\WLQJ DFWXDO PDUNHW WUDQVDFWHFRQ PG FR@WXP |
VHUYLFHY 8QOLNH VWDWHG SUHIHUHQ RH HPOIBMKLRRGN D QBL¥ K|
UHYHDOHG SUHIHUHQFH DSSURDFK XWLOR]HW YRIE\CH WYKHHG YFE
LQGLYLGXDOV SODFH RQ HFRV\VWHP WMDNHBHNVQ WHR FR® 8 RC
YDOXDWLRQ RI (6 DUH Rl WKH UHYHDOHG SUHIHUHQFH DSSL

DODUNHW 7UDQVDFWLRIQN LEQYIROM\YHY H[DPLQLQJ PDUNHW W
HFRV\VWHP VHUYLFHV VXFK DV WLPEBUSDDPROHQMW \HHFR W RDf
VHUYLFHV 3(6 VFKHPHV %\ DQDO\VLQJFDNXHEQHHW WDKK B
YDOXH WKDW LQGLYLGXDOV RU VRFLHW\ DV D ZKROH DVVL

E+HGROLF B3ULFLQQ $WXHOFDMH RI QRQ PDUNHW JRRGV RU VF
TXDOLW\ WHPSHUDWXUH UHJXODWLRQ ZEWBXW HIWHRQYWG
IRUHVWY WKH UHYHDOHG SUHIHUHQFH DSSVURDIKKVPPHNWR
HIDPLQHV WKH UHODWLRQVKLS EHWZHHQ XUHPRVSWWHIPQ
DOORZLQJ HFRQRPLVWYV WR HVWLRGWBOW K$ODFFHORBLW KH
VHUYLFHYV

F7UDYHO &RVW)RHWKREBUHDWLRQDO VHUYLFHV SURYLGHC
ELUGZDWFKLQJ RU FDPSLQJ WKH UHYHDOWIY HOHARR W WOQHRH
7KLY PHWKRG DQDO\WHVY WKH UHODWLRQVWIL&R GBI X/H M \X
QXPEHU RI YLVLWY DOORZLQJ HFRQRPYVWXD®WR HQ WHHP [k
UHFUHDWLRQDO H[SHULHQFHV

,Q WKH FDOFXODWLRQ RI WKH YDOXH RI IRUHVW HBEBYRDNFKPM\
ZDV HPSOR\HG WR FDSWXUH WKH FRPSUHXBEWYH YD WKRI@FRP U A
LQWHJUDWLQJ HOHPHQWY IURP PDUNHW HED \BRIGI | FUWHBQVEHGD S &
QXDQFHG XQGHUVWDQGLQJ RI WKH HFRQRPLZD W DIDRKHOHRRYH R
FRPELQLQJ HOHPHQWYV IURP WKHVH GLII HOHQMW PHQDNX IRW MRKCH I
YDOXH RI IRUHVW HFRV\VWHP VHUYLFHV ZDV DFKLHYHG
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(VWLPDWLRO RI :DWHUVKHG 3URWHEWLRCD OB O)RH HOWS W
.,)0 'U ODGKX 9HUPD

'"HVFULSTKIROQWWDUDNKDQG )RUHVW '"HSDUW P HH) W FIRRXRGX
RI ZDWHUVKHG SURWHFWLRQ VHUYLFHV SURYLGHG E\ IR

OHWKRG®WH VWXG\ XWLOL]JHG K\GURORJLFDO PRGHIORER@R
YDOXDWLRQ WHFKQLTXHVY WR TXDQWLI\ JXIOH & HQ #H I2.DWVHRJ
VRLO HURVLRQ DQG PDLQWDLQLQJ ZDWHU TXDOLW\

2XWFRPIKH VWXG\ KLIKOLJKWHG WKH FULW IDARDOEDI HUARHOHW
HFRQRPLF EHQHILWYV RI IRUHVW FRQVWXVHW IDRYG IRBRXD
SBWWDUDNKDQG

ODOXDWLRO RI %LRGLYHUVLW)\ LQ :HVWHDOFKKD®WVFROR
(OYLURQPHOW '§78((0DGKXVXGDQ

'HVFULSWBERQFRQGXFWHG D VWXG\ WR DVVHVWWKRQN HRJ
WKH :HVWHUQ *KDWV D JOREDO ELRGLYHUVLW\ KRWVSR
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$1%/<6,6 DQG ),1',1*6

5HVXOWV DQG DQDO\VLV RI WKH GDWD REBBOWF\WHGS URRR GB
LQVLIJKWY LQWR WKH TXDQWLILFDWLRQ DQG QY IMI¥D W HR DR §
FRPSUHKHQVLYH VWXG\ FRQGXFWHG RYHU FOXS HUALARG VRV MPL F |
SURYLGHG E\ WKH IRUHVW DQG DVVLJQ HARSQRBVBE BDWXHY R\GE
DQG DQDO\VLV RI WKH VWXG\

:DWHU FRQVXPSWLRQ

D7KH VWXG\ ULJRURXVO\ HYDOXDWHG WKH @ DHDORK ZORMH
DFURVY DOO HWKQLF YLOODJHV VLWXDHWHG Z) W KK QVWKH
ZDV FRQGXFWHG WKURXJK VWUXFWXUHG LIQHGHUMIBRGLQH
W\SLFDO GDLO\ ZDWHU XVDJH KDELWN VLR YWD QG D Q G DJIHG\
FRQVXPSWLRQ ZDV HVWDEOLVKHG GHILQHG DV WKH YROX
%\ HPSOR\LQJ WKLV VWDQGDUGL]HG XQLW RI CPLHADD/W H H
FRPSUHKHQVLYH FRPSDULVRQ RI ZDWHU FR GRORSWIRWKS (
IRUHVWHG UHJLRQ 7KLV DSSURDFK HQDEOMH @DWHH/WH BVBKH
HDFK YLOODJH DFFRXQWLQJ IRU YDULDIWLRFWRQ K RXYE |
SUDFWLFHV

E)XUWKHUPRUH WKH VWXG\ HIWHQGHG LWVHDQPRQWLXX\P SMF
SDWWHUQV LQ HWKQLF YLOODJHVORADKWVWGE RXWYUBWDEBHE
FRPSDUDWLYH H[DPLQDWLRQ SURYLGHG YDPXWERGVLRVYSB
ZLWK DFFHVVLQJ DQG XWLOL]JLQJ ZDWNV HWNHRGX WKHHV F R 8 W
E\ XUEDQ UHVLGHQWY WR REWDLQ D VLPLA&BK DXDADWLHNA\ \
XWLOLW\ ELOOV DQG DVVRFLDWHG H[SHQVHVWEZRBWMNG RA
DQ DUHD RI KHFWDUHYV ZKHUH HWKQMFKMLDODQYIW VWU
FRQVXPSWLRQ SHU KHFWDUH LV VXEVHTXHQWO\ FDOFXOD

JRUHVW )RRG
D,GHQWLILHG WKH IRUHVW IRRG LQ WHUPVQR W)UV BUWR XX L]
SURGXFHG LQVLGH *DUEKDQJD 5)

E$VVHVVHG KRZ IRUHVW IRRG UHVRXUPHWR WD WM BXMWHIOR DHGH B
LQYROYH FRQGXFWLQJ VXUYH\V LQWHUYLHZV RWBQGW
FRQVXPSWLRQ SDWWHUQV FXOWXUDO VLJ@WHRD GQEWK D ®
IRRG YV

F&RQGXFWHG PDUNHW VXUYH\V DQG SULFH DXODWOHKWHY R H R \
UHVRXUFHYVY 7KLV LQYROYHV FROOHFWLQJWG&FDWD CRRF DK 1P |
DV ZHOO DV DVVHVVLQJ GHPDQG DQG PDUNHW G\QDPLFV

G&DOFXODWHG WKH HFRQRPLF YDOXH RI | RIBIMW WUILR-RIEY UBW
DQ\ QRQ PDUNHW YDOXHV VXFK DV FXOWXUDQY RGRIOR XY
PDUNHW SULFHV DV D SUR[\ IRU HFRQRPLF YDOXIB GXNDWIE&
RU KHGRQLF SULFLQJ WR HVWLPDWH QRQ PDUNHW YDOXH!?
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(WKQLF OHGLFLQH

D&RQGXFWHG HWKQR ERWDQLFDO VXUYH\V D QQGN L QWPHHUGYLLFH..
SODQWV XVHG LQ WUDGLWLRQDO PHG IRF G®R R XSRUH-DPW MFKHHY L (
NQRZOHGJH DVVRFLDWHG ZLWK HDFK SO DWQHS DIU@RMDLDRI)L @ H
DQG WUDGLWLRQDO XVHV

E(ITRUWV ZHUH DOVR PDGH WR TXDQWLI\ WRB BEP RRKPHW RK Y M
XVLQJ VWUXFWXUHG TXHVWLRQQDLUH

F$ FRPSUHKHQVLYH VXUYH\ ZDV XQGHUWDRMHRRXR HKR®E D
UHJDUGLQJ WKH QDPHV RI GLVHDVHLIEF@IWVRD I QREOXMQIL GMK
VSHFLHY REWDLQHG IURP IRUHVW HFRVMGWHRHPQD® S WIKHVE
HWKQLF FRPPXQLWLHV

G$OVR FDUULHG RXW PDUNHW VXUYH\V RQ H[SHQWHW R Q&
WUHDWPHQW RI WKH HDFK GLVHDVH [CFRR® RRIVR YROIORXHHGE F C
UHYHDOHG SUHIHUHQFH PHWKRG RI HFRQRPLF HYDOXDWL!

H&RQGXFWHG PDUNHW VXUYH\V WR DVVHVV WKH \GIKBPDLQGGIR
PHGLFLQDO SODQWY DQG KHUEDO SURG PBPWWYWHW @R PO IPH
YROXPHY DQG SULFHV WR HVWLPDWH WKH HFRQRPLF YDO

0)3V

AXDQWLI\LQJ DQG YDOXLQJ PLQRU IR U H VDA 6 UFRIREPNVWWLENKY
D FRPSUHKHQVLYH PHWKRGRORJ\ WKDW FRONEWRUV ERMK
VWUXFWXUHG DSSURDFK WR TXDQWLI\ DQG HFRQRPLFDOO\

D$ GHWDLOHG VXUYH\ ZDV FRQGXFWHG L QD WHKHHU WLDOL@D WHK\H
RI DERYH PHQWLRQHG 0)3 IRU WKHLU SHUWVRKQPDOXK B UNHG
RI TXDQWLW\ XVHG ZHUH WXNUL PRRWKD ¥RVNRVIEHWHUF
FRPPHUFLDO YDOXH RI SURGXFHVY LQ WKH ORFDO PDUNHW

E&DUULHG RXW VXUYH\V DQG LQWHUYLHGVPDIUW K VDR FADFO JER
RQ WKH GHPDQG VXSSO\ DQG PDUNHW SULFHVKRDBHGRLX
XQGHUVWDQGLQJ WKH HFRQRPLF YDOXH RI WKK{HRARIG 8 URGG
ORFDO HFRQRPLHV

F8VHG PDUNHW YDOXH DSSURDFK WR HVWHVPF W WEXFMAR Q
WR WKLV &RPPRQ YDOXDWLRQ WHFKQLTXHV L (PO XS@H. FM
DVVHVVPHQW SURGXFWLRQ EDVHG DSSURDFKHNO KDIW L RF
PHWKRGV H J FRQWLQJHQW YDOXDWLRQ WUDYHO FRVW

G7KH FDOFXODWLRQ RI HFRQRPLF YDOXH RIYSIWRYQVRR DD QR
KD RI *DUEKDQJD 5) DV DOO WKH WDQJIZEKR® H WRIPNV U B |
HFRQRPLF YOWXHDOFXODWHG

%LRPDVV DQG FDUERQ VLQN HVWLPDWLRQ
$ $SERYH *URXQG %LRPDVV $*% RI WUHHYV
6WHP YROXPH LV FDOFXODWHG E\ XVLQJ =

96wHP 3 [ evHP v '
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:KHUH

96wWHP 6WHP 9ROXPH

tewHP 6WHP +HLJKW

' 'LDPHWHU DW EUHDVW KHLJKW "%+

' 7RS GLDPHWH U%RI sWW&KWHPWHPLIKW 7UHH +HLJKW
&RQVLGHULQJ DYHUDJH IRUP IDFWRU IRU HDF

,Q WKH SURFHVV RI FDOFXODWLQJ DERYHJURX\Q GREPKPMIW
WR HVWLPDWH WKH VWHP YROXPH WR IWIGH YU GX.D® WNJHHUH |
"% + 7KLY PRGHO ZDV GHYHORSHG \DKV W KWYWDHNOLDAWLLH-@ D!
'%+ ZKLFK VHUYHV DV D SURI[\ IRU WUHHI WHYH QBNYGWKVHL
RFFXSDQF\ RI WUHH ELRPDVV ZLWKLQ WKH IRUHVW HFRV)

8WLOL]LQJ D UHJUHVVLRQ DSSURDFK LRQ RNORY MK HL M/PASLLQJ.
FROOHFWHG IURP ILHOG PHDVXUHPHQWY RI1 "BoWVVDYMmUER X
WUHH VSHFLHV 7KH UHJUHVVLRQ PRGHRDO KR REHGESWHKE
WUHH VSHFLHV EDVHG RQ WKHLU "%+ PHDWXR® PRIQ B*\%
HIWUDSRODWLQJ WKH FDOFXODWHG VWHP YROXPHV WR W

7KLY VFLHQWLILFDOO\ ULJRURXV PHWKRBROQWIRDDBRYHJI
ELRPDVV ZLWKLQ WKH IRUHVW HFRV\VWHP &SURWVGLULDIW
G\QDPLFVY DQG IRUHVW FDUERQ VWRFNYV

6WHP EERPRBVWDOFXODWHG XVLQJ +
% GwHp 3wHP :RRG "HQV LW\
KHUH 606 WHP %LRPDVV

$OWHUQDWLYH PHWKRG IRU FDOFXODWLQJ ZRRG GHQVL\

$ OHDVXULQJ WKH ZHLJKW RI WKH %ORFN
"HLIKW RI WKH %ORFN ZDV PHDVXUHG XVLQJ HOHFWURC

%, PPHUVLRQ RI %ORFN RI :RRG LQ :DWHU
%ORFN RI ZRRG FRPSOHWHO\ VXEPHUJHGHLEMIRN WK KKZO
ZLWK ZDWHU 7KH YROXPH RI ZDWHU GLVROWEKH G EO XK+
WKH EORFN LWVHOI 9ROXPH RI GLVSODFHG ZDWHU LV U

& &§DOFXODWLQJ WKH "HQVLW\ RI :RRG

8VLQJ WKH IRUPXOD IRU S w T tHgawmat
mjs y md rfc bgghj_acb u_rcpa

7DEOH RI ZRRG GHQVLW\

ODNULV
6LGD
6D O
"RURL
OLUWHGQ
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*DPDUL
3RPD

&URZQ YRIOXXPBOFXODWHG E\ XVLQJ IROORZLQJ IRUPXOL

. HQ_hGpmul > HQglGpmul
L $'eurzo

6
EHGpmul
LL $5&URZQTD

LLBOg\oLocuLFp3 4l murzd ®RuURZQ
LY 96skHULFDO3UR AR URZOQ
Y 9&RQLFDO&§}JH23QH $urzdl teurzQ

YL 93DUDERORLG%H&?UHZ$5¢URZH ®RURZQ

HQ_hGpmulHQgIGpmylLGpmul

YLLQOOLSVRLGDSQHSXHn 5 H = H—

( &URZQ ELRFVDADWOFXODWHG E\ XVLQJ IROORZLQJ IRUPXO
% Qurzq QUuriH'U\ ZHLIKW RI  &XP RI FURZQ ELRPDVYV

KHUH

% Qkurzo &URZQ %LRPDVV

$'eurzo &URZQ $YHUDJH 'LDPHWHU
'ODMirzg &URZQ 'LDPHWHU DW PDMRU $[LV
'OLQurzo &URZQ 'LDPHWHU DW OLQRU $[LV
$5%urRzg &URZQ $YHUDJH 5DGLXV

9 gurzog 9ROXPH RI &URZQ

+surRzQ&URZQ +HLJKW

$ERYH *URXQG %LRPDVV %War RDUIWWAGHHYV %0
%HORZ *URXQG %LRPDVV %% RI WUHHV $*%
&RQVLGHULQJ DYHUDJH URRW WR VKRRW UDWLR LQ f

) *URXQG %LRPDVV RI +HUEV 6KUXEV FP DQG /LWWHU
$*%+/a: B T AR 'l6:
"KHUH
$*%+/e: SERYH *URXQG %LRPDVV RI 6KUXEV +HUEV /LW
"I 6 'U\ :HLJKW RI 8SURRWHG 6KUXEV 8':PD&XCGE &830 RP\A
iy 'U\ :HLJKW RI 8SURRWHGP+EXE\SORRW P
Loy 'U\ :HLJKW RI| /LWWHBXEI SRR W
T 'U\ :HLJKW RI %%'":HURBXP SORW
"I 'U\ :HLJKW RI 6': HURBXE SORW

* %DPERR

7R DVVHVV WKH FDUERQ VLQN SRWHQWL®G QRUHEMP ERR
GHWDLOHG HQXPHUDWLRQ ZDV FRQGXFWHG EDWAG R
FDWHJRUL]LQJ EDPERRV E\ DJH DQG GLDPHEWRBPRFROPUXP
ZDV UHFRUGHG DQG D SLHFH RI PHWHU LGP $/GRHJI HVR R/
GU\ ZHLJKW 7KH GU\ ZHLJKW Rl WKHVH VORSD®.YV PBHSW
ZDV WKHQ PHDVXUHG 8VLQJ D VWDQGDUG FRQRIRDVVR G
WKH FDUERQ FRQWHQW ZDV HVWLP DWHI® P T KRHY WSKHNV W R\
VLQN SRWHQWLDO RI WKH EDPERR SRSXODWLRQ ZLWKL
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6RLO 2UJDQLF &DUERAQ

6RLO VDPSOH IURP DOO WKH VWUBWBPZEUWM ER ®Q HFGVHAIGOIO F
Rl VDPSOH LV VHQW WR ODERUDWRURWRG6R¥FISBWPBH Q WDKK
DYHUDJH PDVV RI &DUERQ LV FDOFXODWHG LQ WKH VRLO VI

7KH SHUFHQWDJH Rl FDUERQ LQ GU\ ELRPDVV FDQEG YLD BRBEY
FRQWHQW +RZHYHU DV D JHQHUDO DS $IWRDIURDMWIGRQ WIRUER
GU\ ZHLJKW RI ELRPDVV 7KLV HVWLPDWH BVWFRXQWK RRUNHW.
VLIJQLILFDQW SRUWLRQ RI ELRPDVV FRQVLVW RI FDUERQ |
SUHGRPLQDQW HOHPHQW ,W V LPSRUN PQWYW R \QFON B KWIOD VG
WKH FRPSRVLWLRQ RI WKH ELRPDVV DQG HQYRURGBPH@WBOW I
HVWLPDWHG FRQVLGHULQJ LQ DYHUDJH RI GU\ ELRPDVV FF

EDUERRQo$*% %*% 6$&% %DPERR %HRPDWY&

&RQVLGHULQJ WKH FRVW RI FDUERQ FUHGDW SHWPHWULF W
HFRQRPLF YDOXH Rl WKH FDUERQ VLQRIFADRR @ R FADFOFXOXM R G
LV HYWLPDWHG RYHU DQ DUHD RI +D R WHDWHE® ZQ WK B ) DN
DWWULEXWHY VSUHDGLQJ RYHU WKH IRUHVW DW D (ORX® DWIK I &

7THPSHUDWXUH 5HIXODWLRQ

D 7THPSHUDWXUH PHDVXUHPHQWY ZHUH V\QWa PTIRLIQAD\O BN F
QDPHO\ KUV KUV KUV DQG KUV HPSOR\L
PHDVXUHPHQWY ZHUH VWUDWHJLFDODDIHAVV WODWH\RQOHEG ZUW
UHJLRQV ORFDWHG RXWVLGH RI IRUHVWHGG] RMRHNO XKL & [F
QXDQFHG G\QDPLFV RI WHPSHUDWXUH VWDELOL]DWLRQ Z

E %\ FDSWXULQJ WHPSHUDWXUH GDWD DFUBVN BQMHWURIQRV
VHWWLQJV WKH VWXG\ VRXJKW WR XQFRGHUDWKH MWHFSEU
IOXFWXDWLRQV &RPSDULVRQV ZHUH GUDZ®@ G&W MWYMH\H Q HNFI
ZLWKLQ IRUHVWHG DUHDV DQG WKRVH REVHWYMN®D IRVDV
SURYLGHG YDOXDEOH LQVLJKWV LQWR WKWDMWHI® HH RRL
HFRV\VWHPV

F )XUWKHUPRUH WKH VWXG\ HHIWHQGHG LWVHQWLO\OWVY WIRH|
WKH WDQJLEOH EHQHILWY DFFUXHG IIURPHWWKWM GEBW KUID (
DYHUDJH WHPSHUDWXUH UHGXFWLRQV RIEVHWYTH® & HW K4
FRUUHVSRQGLQJ UHGXFWLRQV DFKLHYDEOHFWHKUR XQJ&SOD
XWLOL]J]HG IRU LQGRRU WHPSHUDWXUH FRQVURKO QWK MVD
HYDOXDWLRQ RI WKH HFRQRPLF YDOXH DW\RRXF VBIWHIGF ANMVWE
E\ IRUHVWYV

G 7KH VFLHQWLILF ULJRU RI WKH VWXG\ V FHNERGARIDARI\
WHPSHUDWXUH DVVHVVPHQW DQG HFFRQRBIHHYDQX B\ GRI(C
XQGHUVWDQGLQJ WKH PXOWLIDFHWHG UWRQLIE RW LROUHW KR/
EHQHILWY RI WHPSHUDWXUH VWDELOKLHDWARG\ Z{OGH. QV F
HFRORJLFDO DQG VRFLR HFRQRPLF VLJQLILF@IQHAH R Il RSk
HFRV\VWHPV LQ WKH IDFH RI FOLPDWH FKDQJH DQG XUED

H 7KH ILHOG VWDIIV PHWLFXORXVO\ PHDVXUHGVBEQG KRXRHK
DFURVY DOO YLOODJHV VLWXDWHGVWLVBKL Q RALK/HF RCPUSEKH
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DSSURDFK DLPHG WR TXDQWLI\ WKH WRWDAKXYRIO XVF H @K il
VXEMHFWHG WR GHFUHDVHG WHPSHUDWXUHYVY RZLQJ WR V

Il %\ DVVHVVLQJ WKH LQGRRU DLU YROXPH LQVWDLPIR WH XA
FXPXODWLYH HIITHFW RI IRUHVW SUHVHQFH R® WEHH-FHHWU O ¥
DQDO\VLV SURYLGHG YDOXDEOH LQVLIJKM/YR@PHRQ WY H RI(
WR LQGRRU WKHUPDO FRPIRUW DQG UHGXFHG UHOLDQFH

J )XUWKHUPRUH WKH VWXG\ MX[WDSRVHG WKWMHEXRXYHRKR
ZLWK VLPLODU DVVHVVPHQWY FRQGXFW HI& WG XJIREDHY D
FRPSDUDWLYH DQDO\VLY DOORZHG IRU D IHR QRN LD\DWRIFR.®
DFKLHYLQJ ORZHU LQGRRU WHPSHUDWXHKH VFRO\SWV LU QFXO
FLWL]HQV UHVLGLQJ LQ XUEDQ DUHDWWWR EXXMSHOG ADRY HR
FRQVLGHULQJ IDFWRUV VXFK DV DLU FRQGLWLRQLQJ XVD

K %\ TXDQWLI\LQJ WKH LQGRRU DLU YROXPH VXEMHRNEH G
DVVHVVLQJ WKH FRUUHVSRQGLQJ HFR@GRPILFRNRGWE DQQX
XQGHUVWDQGLQJ RI WKH WDQJLEOH EHQIHAHW YV 7E&HVHYH®
XQGHUVFRUHG WKH HFRORJLFDO DQG VREQRDHEBEROR@D FHY
LQLWLDWLYHV KLJKOLJKWLQJ WKH LPSRUWD Q FHLRIGRURHIV
KHDW VWUHVV DQG HQKDQFLQJ RYHUDOO KXPDQ ZHOO Et

L OHDVXUHPHQW RI SOLQWK DUHD DQG KHLJKY\RBXK MK R KD
KRXVH 6LPLODU H[HUFLVH ZDV FDUULHG RXWL.ORD IHO/OLK
*DUEKDQJD 5)

LL 7KH VWXG\ HPSOR\HG D VWDQGDUGL]HG XQLW. @ ROHPIHV
PLQ ZLGWK DQG PLQ KHLIKW DV WHH VRXQGD

7KLV PHWLFXORXV VHOHFWLRQ HQVXUHBGQX QA KRU W RWADD
DLU YROXPH DFURVV KRXVHKROGV ZLWKLQ WHKIE X\QX &\
WKH VWXG\ DLPHG WR HVWDEOLVK D UREXWW LWQIFRRZR
YROXPH LQIOXHQFHG E\ WKH SUHVHQFH RI IRUHVWHG H

LLL7KURXJK VIVWHPDWLF H[WUDSRODWLRQ WKKWWDANGD UGH
XQLWYV SUHVHQW DFURVV WKH UHVLGHQW ER® SWUSTKHHYV
DSSURDFK DOORZHG IRU D KROLVWLF DW\RHOWPHH §WE RIH
WHPSHUDWXUH PRGHUDWLRQ DWWULEXWHG WR WKH VX

LY ) XUWKHUPRUH WKH VWXG\ OHYHUDJHG WKLRPSWDRWDY
DQDO\VLV RI WKH HFRQRPLF FRVWYV WVYRRFY W B & HILW}
VHWWLQJIJV %\ TXDQWLI\LQJ WKH H[SHQVHV LQFXWHMN G 1|
ZLWKLQ VLPLODU VL]HG LQGRRU VSDFH VE HVQKIHL WW XBQ C
HITHFWLYHQHVYV RI IRUHVW HFRV\VWHP VHUYLFHV LQ PL

Y 7KLV DQDO\WLFDO IUDPHZRUN HQDEOBG MKRIQRW XK \F RN
ZRXOG KDYH EHHQ LQFXUUHG LQ WKH DEVHQWH QRI WKW
ILQGLQJY WR DVVHVV WKH K\SRWKHWLEDG® VRNQDKWR VL
HFRQRPLF YDOXH DQG VRFLHWDO EHRHIRWNVEGHU L QHIBC
LOQGRRU WKHUPDO FRPIRUW DQG UHGXFLQJ UHOLDQFH F
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&6 TSH &2684,7 5,5 92/80¢

KHUH

& esLV WKH HFRQRPLF YDOXH RI )RUHVW (6 DIJDLQVW WHRP
7$9 LV WRWDO LQGRRU DLU YROXPH LQ WKH KRXVHKRO
&264d1,7 $,5 92/80LV WKH FRVW LQFXUUHG E\ WKH XUEDQ SHR
YROXPH RI DLUH H PH P P E\ DUWLILFLDO PHDQV

:DWHU 5HWHQWLRQ

R:DWHU %RGLHV
7KH YROXPH RI ZDWHU GLVFKNUWPIW EW U@ WHQ G NHIEHDH WYKH
LQGLFDWRU RI WKH ZDWHU UHWHQWLR® BWSDRLWL ZH Y IS
WLPH 7KLV UHODWLRQVKLS UHIOHFWYSWWBVWLROP VKX WID®
LQILOWUDWLRQ DQG VWRUDJH ZLWKLQ WKH ZDWHUVKHG

‘KHQ VWUHDPV H[SHULHQFH KLJK ZDW HKD®®/L WD EDH/ LYR
UHWHQWLRQ FDSDFLW\ PD\ EH QHDULRDFLDW X\WFD WH RO LR
ZDWHU 7KLV VFHQDULR FRPPRQO\ RFFXUWR G X WRIQS URIRK
SUHFLSLWDWLRQ ZKHUH WKH UDWH RDEDWHA\ MRS O\ WRU
LW &RQVHTXHQWO\ H[FHVV ZDWHU IORZVORYDIW QD Q\GR DL
VWUHDP GLVFKDUJH

&RQYHUVHO\ GXULQJ GULHU SHULRGV RU WKH®PS GHVEKI
YROXPHVY WHQG WR GHFUHDVH 7KLV UHGXFW LR Q@ HW HILW I
FDSDFLW\ LV HIIHFWLYHO\ PDQDJLQJ WHID 1L QWRIPQW R ZNDRNE
LW LQ JURXQGZDWHU UHVHUYRLUV RU GHQDUYKG@K LWV WD
WKH EDVLQ DFWV DV D QDWXUDO VSRQJH DEVRPBPHDRZ DQ
DQG PLWLIDWLQJ WKH ULVN RI IORRGLQJ GRZQVWUHDP

D7KH WRWDO GLVFKDUJH RI ZDWHU WK WHRX1LK DOHDQ W KW RL
ZDWHU UHWHQWLRQ FDSDFLW\ DW [ $DQRLISFX-OWDW B | SKR IC
FROQWLQXLW\ DQG G\QDPLF HTXLOLEULXP 7KIFWHB QB W\
Rl ZDWHU IORZ DQG VWRUDJH ZLWKLQ WKH IRUHVW HFR

+\GURORJLFDO 3ULQFLSOHYV

:DWHU 'LVFKDUJH

:DWHU GLVFKDUJH LV WKH YROXPH RI ZDWHU NXIRAN RJ \
WA\SLFDOO\ PHDVXUHG LQ Pi V

:DWHU 5 HWHQWLRQ &DSDFLW\

:DWHU UHWHQWLRQ FDSDFLW\ UHIHU¥YXRWOWRS VRKIHV DVERIUWOH. \X |
LQFOXGHYV ZDWHU KHOG LQ WKH YHIJKWDWZRQO \DXW ZIDAH
LQ WKH ULYHU FKDQQHOV WKHPVHOYHYV

EROQOWLQXLW\ (TXDWLRQ

$FFRUGLQJ WR WKH FRQWLQXLW\ HTXDWLRQ H® RYWRC
HTXDO WKH RXWIORZ SOXV DQ\ FKDQJHVVLRDWOWEHJ B JSU H
DV

4o 4&kxw 06

"KHUH

4oLV WKH LQIORZ

4exkhV WKH RXWIORZ GLVFKDUJH DQG
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046 LV WKH FKDQJH LQ VWRUDJH UHWHQWLRQ

E2YHU D VKRUW SHULRG RI PRQWKVY DVVXPGEOWF®RBUOHJ
DQ\ SRLQW LQ WLPH FORVHO\ UHIOHFWOR® PR ZIDQIHW KW
VIVWHP ,Q D G\QDPLF HTXLOLEULXP VW WWH W IEB \DLRR/X
SUHFLSLWDWLRQ DQG RWKHU VRXUFHV LV EREDQYERG W
WKH GLVFKDUJH UHSUHVHQWY WKH UHWHQWLRQ FDSDF

'DWHU UHWDLQHG LQ WKH VRLO FRQWUWLHX W HWFW R USBIV
SHULRGY 9HJHWDWLRQ LQWHUFHSWYV UDLQIDOOROR:
WKHUHE\ LQFUHDVLQJ UHWHQWLRQ EHIRUB W MU HYM R WX
ULYHU FKDQQHOV DQG IORRGSODLQV GXULQJ KRLRULQRZ
GLVFKDUJH RYHU WLPH OHDVXULQJ GLVFKDQGHLQW HFXQ
WKHVH PHDVXUHPHQWY SURYLGHY DQ HVWLPDWH RI WK

F 7TKH XWLOL]DWLRQ RI *HRJUDSKLF ,QIRUPDWDRH G \W\
HVWLPDWLRQ RI WKH OHQJWK RI HDFKDO EDANUH RP Z£D VOHHLY |
DVVLGXRXVO\ FRPSLOHG E\ WKH 1RUWK (DVW HIR®@ G\SKLRF
H[SDQVLYH GDWDVHW D V\VWHPDWLF UDQ &R N HOMHFIND
UHSUHVHQWDWLYH VXEVHW RI VWUHDPW FKD U XK VGKKHUUL |
PRQWKYVY GU\ VHDVRQ L H 2FWREHU WR O0ZLHIAK WIIRNVHDE K
0.6 VIVWHP RI XQLWYV

RIVER NETWORK INSIDE GARBHANGA RF

nmll:hn'h_l‘r!

0 3.5 5 km — TS
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I Name  LENGTH (Km} M Mame _ LENGTH {Km)
] Lirn dr LR | g Rdagll 4,503
a Linic pesc Hl sl 18T | Hnceecled Aun
a U pacitss a0 A Urosscdisd LE=n
A | anwpeciing Tyam | Uneowciied | 2388
£l L i et EE Lt} F2 | Ui ifisd LADE
[ Ll pee e 4 3%s 33| L e e L
T | Linspacifies n7mns 3| Basgictha Ma=s 5. 150
. Linspecified ek 35| Umkha NHad L]
5 i LinspEeri fed : 1.0 AR | L tHed LanE
10| S e ra o bdadi ikl -17 Lireazses iTaad 1A56
AL | Sarargaoes Kadl 2381 3| Urssacrled LE?S
12| UnspecHies 1B 39 Ureseciied 2638
13|  Knspecibied ER. L] Al| Pathacchat N 3334
14| s fed 146! A1 | Uhsgradiied AN
15| Unspecifed 13205 A2 Uressasc it J118E
15|  UnspecHied 3 LB 43| Unsoeciied LELT
17| UnspEcHies (LT 43| Unssacried £ 280
18| Lz pecrhied 28597 4% | Linspescrtied LU ]
a4 i pemia il 150 S ) Llircosac it iedd 184
A0 | EReriEasl R B s £ URESelit e [ r
21| Unspsofies Lo S| Unesecoied T 1
2 s pesrified & i i um Thana T8N
23| nEpeEcifcs L P | LT L2z
aa Linspencl fea nass SE | Liresesc Hiead LR
a5 e pacifimd 132% 22| Urozmcilled SA4ATE
20 dnapecilic= 1 BF: A U e TGS
r i sdnapeu ca B

G )ROORZLQJ WKH VWUHDP VHOHFWLRQ SURHUNE\ QREGV
VDPSOLQJ SRLQWYV DORQJ HDFK FKRVHWOAWWHIINMH GH B W
GHOLQHDWHG SRLQWYV D VXLWH RI HVVHQWRBDYVKWHR
7KLY HQWDLOHG GHWHUPLQLQJ WKH IZHGW!IKRR NV @\KHD X WL
GLVWLQFW GHSWKV RQH PHWHU IURP WKH ULJKWG&DQN
PHDVXUHPHQW WDNHQ DW WKH PLGVWUHDP MXQFWXUH

, 7TKH FDOFXODWLRQ RI WKH FURVV VHFRW D¢ B X UDWHD
GLVFKDUJH DVVHVVPHQW IROORZHG D VWS8&RWXQU HI5

VI\VWHPDWLF \HW UREXVW IRUPXOD

H5 > H6 > H7Y
$ :H—7

"KHUHLQ

$ VLIQLILHVY WKH FURVV VHFWLRQDO VUM IR UVKKE URA
DQDO\VHV

: GHQRWHVY WKH ZLGWK RI WKH VWUHDP DVVLGXRXV(
' DQG ' GHOLQHDWLQJ GHSWKV PHDVXUHE® @W RRHOI
' UHSUHVHQWY WKH GHSWK DW WKH PLGVWUHDP ORH

. S9HORFLW\ RI WKH VWUHDP ZDV PHDVXURDGBNXWL DV GOHSI
WR IORZ IRU D GLVWDQFH RI PHWHUVHIFRRGH @&/ KAH.
IORDWHU FRPSOHWHY WUDYHOOLQJ PHWHUV GLVW

8VLQJ WKH IF?ZUPXOD 9

KHUH
9LV WKH YHORFLW\ RI WKH VWUHDP
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"LV WKH GLVWDQFH WUDYHOOHG E\ WKH IORDWHU
7 LV WKH WLPH WDNHQ E\ WKH IORDWHU WR WUDYHO

$PRXQW RI ZDWHU GLVFKDUJHG SHU XQDODWFWWR HR LW
VWUHDP ZDWHU IORZ DQG OHQJWK RI WKH VWUHDP E
; $H 9H /

KHUH

; LV WKH YROXPH RI ZDWHU GLVFKDUJHG

$ LV WKH FURVV VHFWLRQDO DUHD RI WKH VWUHDP
/ LV WKH WRWDO OHQJWK RI WKH VWUHDP

, 9 7TRWDO GLVFKDUJH LQ GU\ PRQWKYVY LV FDOFXODWH /¢
'LVFKRWIH VHF PLH KHV GDHY /WU

9 $JIJUHIDWLQJ WKLV YDOXHV IRU HDRRH/ WU HDRAWH W HE
GLVFKDUJHG E\ WKH VWUHDPV DQG ZDWHU ERGLHV R
WKLYV GDWD WKH ZDWHU UHWHQWLRQ YDOXHD®XUL:
VXEVHTXHQWO\ HFRQRPLF YDOXH PD\ EH DVAVRBBGLW
ZLWK WKH PRQH\ VSHQW WR VWRUH VDPH TRKQ @MLNW\
*0:66 *0& *0'$ DQG -,&% HWF

9, &RVW RI VWRUDJH RI ZDWHU LQ XUED® D Y &RV W NRNFD
E\ *RYW RUJDQLVDWLRQ LQ VWRUDJH RI SHU XQLW Y

R % LRPDVV ORLVWXUH
7TKURXJKRXW WKH ILHOG H[HUFLVH DQG O DEHRUWWIRU\ XD
VIVWHPDWLFDOO\ GRFXPHQWHG IRU VWHP 2Z\RRG GHRBQR
DQG VRLO 7KHVH HPSLULFDO REVHUYDWLRQVHZHRIH V
FRQWHPSRUDU\ OLWHUDWXUH DQG VFKRODU@LRFRXUWYR
DVFHUWDLQ WKH PRLVWXUH FRQWHQW UHWDLQBW®W WZILLWHK\L
REVHUYLQJ WKH SHUFHQWDJH RI PRLVWXUH ORYV+IURP W

6WHP %LRPDVV
&URZQ %tRPDVYV
*URXQG %WLRPDYVV
[LWWHU
'HDGZRRG *
6RL® ‘

&RQVLGHULQJ WKDW WKH GDWD FROOHFWLIRQ SRHAUPRX UQ Hi(
DFNQRZOHGJH WKDW WKH UHFRUGHG PRLVWKHHAOWRDY CH
DYHUDJH +RZHYHU WKH GHWHUPLQDVSDFQW\I \VWHV URUEKXV
YHIHWDWLRQ DQG VRLO FRPSRQHQWYV LV H[WUDEKRRWOWDYV
FDOFXODWLRQ LV IDFLOLWDWHG WKUWRXJIJW KWHKHDXW X O D|\\W
DQG WKH ZHLJKW RI VRLO XS WR D GHSPWR KH P RAP/ WIXW K LR
LQ EDPERR ZDV GLVFRXQWHG GXH WR LWV QHJOLJLEOH E

7TKH FDOFXODWLRQ RI HFRQRPLF YDOXH IRD BR¥IX CHEMMLQ\
HVWLPDWHG RYHU DQ DUHD RI +D RI1 *D WBKIDRQJ D G
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PRLVWXUH UHWHQWLRQ LV DQ LPSRUWDQW HFRWYW®\P
HFRQRPLF YDOXH RI UHJXUDADIOFXUBWHGEHV +D

SHFUHDWLRQDO YDOXH

D4XDQWLI\LQJ DQG YDOXLQJ WKH UHFUHDWLRQDW LYDGRCH
LGHQWLI\LQJ WKH YDULRXV UHFUHDWLR QKA @ FVKLHY X\ U B
5HVHUYHG )RUHVW 7KLV PD\ LQFOXGH DFWLFNQMQAHVSVR
SKRWRJUDSK\ &RQGXFWHG VXUYH\V DQG L QW HIURAHZIWIL
SUHIHUHQFHV ITUHTXHQF\ RI YLVLWV GXUDW LRUH RW DRQL
H[SHULHQFHV 7KLV LQIRUPDWLRQ FDQ FURYDMWIHR QQVOLR KW
ZLWKLQ WKH IRUHVW

E(YDOXDWLRQ RI WKH DFFHVVLELOLW\SR UWIXW LFRQ HRGW LLRL
IDFLOLWLHY DQG WUDLO LQIUDVWXKKWXU IS L F$Q DR DJBH.ODV
VLIQDJH DQG LQWHUSUHWLYH GLVSODPD® HKSLHWKLF DG HH R
ZHUH DVVHVVHG

FS8WLOL]LQJ HFRQRPLF YDOXDWLRQ WHRRGL TPRRQWV ROBK @W
PHWKRG RU KHGRQLF SULFLQJ PHWKRG ZDW DGR VRH GV
*DUEKDQJD 5) 7KHVH PHWKRGVY LQYROYH DQO® \X¥L®J LALLM
WR SD\ IRU UHFUHDWLRQDO H[SHULHQFHV

G,Q DGGLWLRQ WR GLUHFW UHFUHDWLR®WH & HALM KWWK HV KR
HILVWHQFH YDOXH YDOXH GHULYHG IURBPHNQ@R ¥MQ Y DAOKCH/
SDVVHG RQ WR IXWXUH JHQHUDWLRQVFRGQWH LIEXVWRH PR W
VRFLHWDO LPSRUWDQFH RI FRQVHUYLQJ WKH IRUHVW |IRU

H$SHVWKHWLF YDOXHYV

4XDQWLI\LQJ DQG YDOXLQJ DHVWKHW DFUWDLODW VKY R B KH PSH

LQYROYHV DVVHVVLQJ WKH HFRQRPLF ARWRWXK RDFWHRRWH LI

GHPDQG YLVLWRU QXPEHUV DQG ZLOOLQJQHVV WR SD\ A

L 4XDQWLILFDWLRQ RI WKH QXPEHU RI YLVLWRWKLIHXQIID.
DFWLYLWLHYVY ZLWKLQ WKH DUHD RI LQWHUNWW 7EKRRNAL
GDWD IURP KRPH VWD\ DFFRPPRGDWLRQVJ BDRWHWLDY\D R
ZLWK .DPUXS (DVW 'LYLVLRQ RIILFLDO GRFXPHQWYV

LL&RQGXFW VXUYH\V RU LQWHUYLHZV ZLWK SYIL\V LRALR WAK WA
DHVWKHWLF H[SHULHQFHV 7KLV FD@RKHKRBHHVWDBODWQK
ZDWFKLQJ DFWLYLWLHY DPRQJ YLVLWRUYV

LLBULFHV RI VLPLODU DHVWKHWLF H[SHDUH®WWYW LIQ® VQL-F
HVWLPDWHG WR EHQFKPDUN WKH YDOXH RI KR8 HWKWD \
LOQVLIKWY LQWR PDUNHW WUHQGY DQG SULFLQJ VWUDW

LY(FRQRPLF LPSDFW RI KRPH VWD\V DQG @B WX UHF RQ R/A\K]
DVVHVVHG LQFOXGLQJ H[SHQGLWXUHV RQ DFFRRRFRGD
7KLY FDQ SURYLGH D FRPSUHKHQVLYH XQGHUEWWRBYEH
DFWLYLWLHV

Y $GRSWHG HQYLURQPHQWDO YDOXDWLRQ PHWKRGVW X |
DQDO\WLYV WR TXDQWLI\ WKH QRQ PDUNHW MIVERIG\RIFDB
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HVWLPDWH WKH HFRQRPLF YDOXH WKDWODOGEWRGW VS
ELRGLYHUVLW\

YL(QJDIJHG ZLWK ORFDO FRPPXQLWLHV WRXULNWLR®NUD
XQGHUVWDQG WKHLU SHUVSHFWLYHV RQ WKHKYLLYNOKMHQR
SURYLGH TXDOLWDWLYH LQVLIKWYV WKDW FRPSOHPHQW

| (GXFDWLRQDO VHUYLFH
4XDQWLI\LQJ DQG YDOXLQJ HGXFDWLRQDO VHUYGFAD/WF K
ELRGLYHUVLW\ HVWLPDWLRQ WUDGLWLRQDOQ R@R ZIOPINGR G
VHYHUDO PHWKRGRORJLFDO DSSURDFKHV ZRBY WHKMVHOWG
FROOHFWLRQ RI GDWD +HUH V D VFLHQWDQ FE R YIEKUDYQW Z]
HFRQRPLFDOO\ YDOXHG

L %LUG ZDWFKLQJ DQG ELRGLYHUVLW\ HVWRRD\DDRREQ GMIV
FROOHFWLRQ 5HVHDUFKHUV RU HQWK XV IQIPHW \D QG FERAK®
XVLQJ VWDQGDUGL]HG VXUYH\ PHWKRGV VXFK ® W SIRLQN
LQLWLDWLYHV %LRGLYHUVLW\ HVWILRMMW YR QHRDD W QEQ XA
KDELWDW DVVHVVPHQWYV

LLZUDGLWLRQDO NQRZOHGJH DQG FXOWXUDO H[SHUIGIQF
LQWHUYLHZV ZLWK ORFDO FRPPXQLWLBAMWLRQ®MDUY HR LR
VWUXFWXUHG LQWHUYLHZV FDQ EH XVHGH®RX3/RNRQRZOQW
DQG FXOWXUDO VLJQLILFDQFH DVVRFLDWHG ZLWK WKH

LIBWXGHQW H[FXUVLRQV DQG HGXFDWLRQDOWXUWHRQXPEW WF
SDUWLFLSDQWY GXUDWLRQ RI DFEWLYLWXLGENQ\YQHZQ OMHIHF
NQRZOHGJH DFTXLVLWLRQ DQG EHKDYLRU FKWRJMAKHR
HGXFDWLRQDO YDOXH RI HFRV\VWHP EDVHG H[SHULHQFF

LY KH HFRQRPLF YDOXH RI ELUG ZDWFKLQDVYV@EFE VHEKR W R X
WUDYHO FRVW PHWKRG 7KLV DSSURDBK IHAHVLEPDWHS/ RMXK
LQFXUUHG E\ YLVLWRUV VXFK DV WUDYHO H[SHQVHV DtF
RU YLVLWRU ORJV DUH XVHG WR FROOHFVQ HWMDWL RR @ DX
UHFUHDWLRQDO DFWLYLWLHYV

Y 7UDGLWLRQDO NQRZOHGJH DQG FXOWXUDO RAPSHNHWQHAK
FXOWXUDO SURGXFWV FUDIWV RU WR ¥W®RIONHV RXWHLWU
SULFHV RI WUDGLWLRQDO JRRGV RU VHUWQIFMVROROW R ®
WKHLU HFRQRPLF ZRUWK

YDRU LQWDQJLEOH FXOWXUDO RU HGXFDW LR QDP MHWULYRF H
HGXFDWLRQDO H[FXUVLRQV WKH FRQWLQJHGW. DR DM
VXUYH\LQJ LQGLYLGXDOV WR HOLFLW WKHLW RZ LEDRFLHE:
FRPSHQVDWLRQ IRU WKH SUHVHUYDWLRQ RU SURYLVLRQ

7KH FDOFXODWLRQ RI HFRQRPLF YDIOWKHR DERY W PUHIW VRQM
EHLQJ HQMR\HG E\ WKH SHRSOH WKURXJKRXW WKH IRUHVW|
KD +HQFH WKH WRWDO HFRQRPLF YDOXXURIO*DHEKDROHD 5
FRQVLGHULQJ WKH ZKROH *DUEKDQJD 5) IURP ZKIDAKHED )
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6RLO 1XWULHQW 5HWHQWLRQ

7TKH TXDQWLILFDWLRQ DQG HFRQRPLF YDOXDWHRQ (Bl VR LWK
*DUEKDQJD 5HVHUYHG )RUHVW 5) LQYROWYWKREGRBEBDIOHV\V?
QXWULHQW DQDO\WVLV ZDV IRFXVHG RQ TXDQWSEKRE3KNRR\X
SHQWR[LGH .w2 SRWDVVLXP R[LGH S+ HDRGWRHOHWIH{W XI
GHWHUPLQHG XVLQJ D PDUNHW YDOXH DSSURDEFK

L6RLO VDPSOHV ZHLJKLQJ NLORJUDPV LQQDWHH® X EZ S
PHDVXULQJ FP [ FP 7KHVH VXE SORWYVDAH WH N VD R D)WY H
DQG VRXWKZHVW 6: FRUQHUV RI HDFK K H FRACDOUHH W BI [BS
VDPSOHV ZHUH WKHQ VHQW WR DQ DJULFXODNXL®\@ LO/DERU

LLKH PDUNHW YDOXH RI IRUHVW VRLO ZDV R ERLDLBIH GRE\OFW
VROG LQ WKH PDUNHW 7KLV PDUNHW EDVEG WES UHFHREKR 8 L
RI WKH VRLO IURP WKH *DUEKDQJD 5) 7KHFMARY R ALFXYL® X
SULFHV RI VRLO ZLWK FRPSDUDEONH ISHUNEWHWLYW LFEQ W
YDOXH RI WKH VRLO V QXWULHQW FRQWHQW ZLWKLQ WKH

2[\JHQ 5HOHDVH

%DVHG RQ WKH WUHH HQXPHUDWLRQ ®BWBEDNYW HWH bYW PR/
RI VDPSOHG WUHHV LQ WKH *DUEKDQJD 5 H\HDWPHNMCH YVRW B ¥ H
WR WKH IRUHVW W\SHV LQ WKLV DUHDUHDW RDDV'#V¥WRDE O L WK
DSSUR[LPDWHO\ \HDUV DV SHU IROORZLQJ VWHSV =

CALCULATION OF ANEFLACGE ACE
OF THE TREES

SCIENTIRIC BASIS

Age-CHammur Tablea

CIBH- s ikl ioerihis

DEH = 027 matars in 20 pErm

.
DER Epr anr-lﬂlﬂl'-_lq:ull-uﬂ ___.-"'

- L
| Arm1zsas-DEH + 8317

.# e

P
DEH = g 7T M '-\1
i b

i

st |
\ |

Aif = riﬂ}l-.ﬂlupl. /f}r

e :
[ Svernge Age of Trosn = M0 yoery |

s
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'%+ DQG $JH 5SHODWLRQVKLS $JHPGILLRAG W WDEW HYQYKR ¥ VGEHHIWERH QHW 8 R QOEILH]
WDEOHY DUH XVHG IRU VWDW L WILLFDO DWW DROW Y NMW RH ARV MVHWHIFRVZ W K

(PSLULFDO ORGHO $ UHJUHVVLRQ WRGHO OLW LRWVH/& LVBR HAKL b EFOR.E/ B QWIXBIO B 2WM G H X
PHDVXUHG '%+ E\ GHULYLQJ, UHJUMHWYALRQ HTXDWLRQ $

$YHUDJH '%+ RI PHWHUV 7KLV RMWDVX WRRBH @ VWIHEBG WDKEIED/D \ RIQV BIDHKIDY H UMW D IR K
P

(VWLPDWLRQ RI $YHUDJH $JH PAWHUHVUDBRGHQ DW&HKBIH GO Y ¥*SHFHLJUHGE W RDW
D "%+ RI P LQ DSSUR[LPDWHO\ | WHK B UD/VY HDUD HY \I 1 A DRV L\'R RHRI R UHHWWM. FDW § RKD Q
JURZWK UDWH REVHUYHG LQ WKWHVRP /&GHGEWR BIG N U YRWHSYWH MHA® WRRUMNVRVL Q *DUE

6FLHQWLILF %DVLV 7KH DJH GVDWHWWHSUWRIEGH \D DWAH HFQWE LIDAD EDRZW KRG\ @ D B IHRN
ILHOG GDWD ZLWK VWDWLVWLFRWK) B DWW K UDR/ HYKLIFKOD V& UG OR DEEIAVE DPM Q Bl YHHH]

$ H'p ZKHUH

$ $YHUDJIH $JH RI WKH WUHHV LQ *DUEKDQJD 5)
"5 $YHUDJH '%+ RI WUHHV LQ *DUEKDQJD 5) P
+HQFH

$ L\HDUV

R I" %/HU HAK

V EWW R HHGV R

MA@ WKH

RGH®OG VLK
BV PIDG AV
KDQJD 5H

NV WEKGS LQ
HFW GHF

D&DUERQ VHTXHVWUDWLRQ D SURFHVV E\ ZKLFRVWKHUBN DE

VWRUH LW LQ WKHLU ELRPDVV OHDGV WRWRKHKUESRORWDRM\
8WLOL]LQJ WKLV DQDO\WLYVY WKH TXDQWUWR @®IVR[NIHEWUHD
WKH VSHFLILHG WLPHOLQH ZDV FDOFXODWHG

JXUWKHUPRUH HPSOR\LQJ D PDUNHW YDOXH D®SYROERKRH \
ZDV VXEVHTXHQWO\ GHWHUPLQHG 7KLV YDG@XDRILRQ JPHKV
WA\SLFDOO\ PHDVXUHG LQ OLWUHV I 6 ARWWUINLEBER WHY DL P
SURGXFWLRQ GHULYHG IURP IRUHVW FDUERQ VHIWM\HEUD\
WKH *DUEKDQJD 5HVHUYHG )RUHVW 5) RHG E DG SDQY WY K
R[\JHQ HPLVVLRQV DQG WKH SUHYDLOLQJ P D UINHWWIUHL AR
DPRXQW RI R[\JHQ HPLWWHG E\ WKH IRUHVW EHWKG@RPDLBI
YDOXH RI WKH R[\JHQ FDQ EH GHWHUPLQHG

7R FDOFXODWH WKH DPRXQW RI R[\JHQ SURGKFQGHE\ WK
NLORJUDPV RI FDUERQ LQ WUHHV ZH QHEEG QV& DRV HGWMKW R\
GXULQJ SKRWRV\QWKHVLV

1 MTon o
Carbon

1 matric ton = 1000 kg = 10,00,000 g

Moles of carbon = 83,333.33 moles

Output : Approximately 1,866,666.64 litres of oxygen gas produced
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'XULQJ SKRWRV\QWKHVLYV RQH PROHF KRB YRIURMDHIE R Q VBR R Q6 2P REDGIG X\OLH RR 0 B KX

R[\JHQ DFFRUGLQJ WR WKH IROORZLQJ HTXDWLRQ

&2 +2 . &+ 2 2
JURP WKLY HTXDWLRQ ZH FDQ VHHL\WWK® W PRUDHWHHUND PBROHE RI &2

7R GHWHUPLQH KRZ PXFK R[\JHQ LV SURGRRKHGDIRRPRI EFDWEHRPD WBRQLQJ BKEIMR V\

DSSURDFK DV EHIRUH EXW DGMXVW IRU WKH ODUJHU TXDQWLW\ RI FDUER
PHWULF WRQ NLORJUDPYV JUDPV
$WRPLF PDVV RI FDUERQ & LV DSSUR[LPDWHO\ JUDPV SHU PROH

OROHV RI ﬁ&ﬁﬁé;d“ PROHV

JURP WKH VWRLFKLRPHWU\ RI SISRMRRBXFHVNKHRRUH RAROH RI &2

7TKHUHIRUH PRURLG/XRHG PROHV RI FDUERQ PROHV
$W VWDQGDUG WHPSHUDWXUH DQG SUHYDIXWRFFXBSILHY & D QBN UDWP PROH RI
I9ROXPH RURGXFHG AROHVWU PRO

OROHV RI FDQ‘-‘E-‘E@@QQ“QU& PROHYV

OROHV BURGXFHG Q2 PROHV
I9ROXPH RURGXFHG 92 PRIOHV /LWUH PRO owu
PROHV / PRO oOwu

G7KH IRUPXOD WR FDOFXODWH WKH HFRQRPLF YDOXH RI R]|

(FRQRPLF 9DOXH RI 2[\JHQ 7R WDWDN HWI B QLFEPHL \WWHGIHQ

KHUH

7TRWDO 2[\JHQ HPLWWHG UHSUHVHQWYV WKHEFXWPKKD DNNULHHH

*DUEKDQJD 5) RYHU WKH SDVW \HDUV

ODUNHW 3ULFH RI 2[\JHQ UHSUHVHQWWH W K BKRMAKH LS/HD VI X

WR EH

H7KH FDOFXODWLRQ RI HFRQRPLF YDOXHQRWN X B8 RRIWALRYLIO\
UHWHQWLRQ DQG R[\JHQ UHOHDVH WKURXJK FDUERQ VHT?>
*DUEKDQJD 5) IURNFIZB®XHKR+D/VXSSRUWLQJ VHUYLFHV LV FD
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48$17,),&$7,21 2) 3529,6,21,1* 6(59,&

L .DWHU &RQVXPSWLRQ
'XULQJ D VRFLR HFRQRPLF VXUYH\ FRQGXFWHGI WU QHW K)HR WA\
5) GDWD RQ GRPHVWLF ZDWHU FRQVXPSW IERXE N\SHHWV K RSV
DQG FRQWDLQHUV DV YROXPH XQLWVDJKHZDWEO\YRWQ WXPYS
KRXVHKROG LV 7KIOWBD®PXODWLRQ LV EDVHG RQ WKH EI
FRQVXPSWLRQ ZKLFK LYLYHQOMKD®Y FNG&EB\DYHUDJH KRXVHK
WKH WRWDO GRPHVWLF ZDWHU FRQVXPSWLRQ DOLJQV ZLW

$YHUD

1R R , <HDUO <HDUO
60 ngg J)DPLC 7RWI R 'RPHVW &RQVX

&%%Y§I&RQVXP WLRQ
3HU RQ .pwhu Q RI:D\ :DWH

+RXVH JAVAN /WU
GV +RXVH

/WU “

9LOOD OHPEH 3RSX(

1R +RXVl
oGV

$PULQ

1DWXQ
*DUEK
"RORLS
P
1DWXQ
-DOXN
0DW
1D U
.D\DPS
C
206G
*DUEK
80 X
-DOXN
*DUEK
3DKD
*DUEKT
1HSD(
% D
%R U
IDW XP {
P
IXPDOLSDWK
C
7KHNHU
K
"HND S
1IDX

$YJ
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Annual Water Consumption
Nt —
Dzpathar
The gmabich
Humakipatsar
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|
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taang
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Doyatas
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am DD ARO0IN [H) [Prrkedibedl BRI TN 0D EREL e o O EADERNE; 00

LLWRUHVW IRRG (WKOQOLF OHGLFLOH 0)3V 6PDOO WLPEHU )LL
7TKURXJK VRFLR HFRQRPLF VXUYH\V GDWDQ@GEUKPQR®OWKF W
IRRG HWKQLF PHGLFLQH DQG PLQRU IRUHVW SQUIRMGXHFW VR
SHUVRQDO XVH DQG VROG LQ ORFDO PDUGBRBWLEY XNHUJIR B IKORC
SURYLGH LQVLIKWY LQWR WKH W\SHV DQG YROMNBHINQRSI W
VLIQLILFDQFH LQ WKH FRPPXQLWLHY OLYHOLKRRGV DQG

&RQVXP S

3URGX 6DOH 8QL) 1DPH RI WKH YLOODJHYV

FRQVXPHG

6C

ik \HDU *

JRUHVW )RRG

1RWXQ *DUEKDQJD ODWDQJ 1C
.D\DP 3DWKDU 20G *DUEKDQJD

.ROIX( 1RV -DOXNSDKDP *DUEKDQJD 3DKEC
IDWXP 3DKDP 1XPROL 3DWKDU
IDXWDUL

I1RWXQ *DUEKDQJD ODWDQJ 1C
.D\DP 3DWKDU 20G *DUEKDQJD
-DOXNSDKDP *DUEKDQJD 3DKEL
*DUEKDQJD 1HSDOL %DVWL %R
S3DKDP 1XPROL 3DWKDU 7KHNF
1D X

IRWXQ *DUEKDQJD $PULQJ 2C
B8OXEDUL *DUEKDQJD 3DKDPML
1HSDOL %DVWL %RUSDQL /DW
3DWKDU 7K

1RWXQ *DUEKDQJD 1DUOLQJ .|
-DOXN

"KHNLI % XQC

.RVX O %XQC

3DQL N % X Q C
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*RQGK I

%DDK J
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SKRR(

OHWHN
SKRR(
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O0XVKUR

7TLWD EI

2ZWHQ

ORVRQC

/HWHN
. R\

+RQH\
OHFKN
WHQJ
.RWKD

.RWKDC

*RV DO

% X Q C

1RV

% X Q C

1RV

% X Q C
% X Q C

% X Q C

1RV
% X Q (

% X Q
/LWL

1RV

*
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I1RWXQ *DUEKDQJD 8OXEDUL *
SDKDPMLOD %RUSDQL /DWXP :
SDWKDU 7KF1DX

1RWXQ *DUEKDQJD 8OXEDUL *
SDKDPMLOD *DUEKDQJD 1HSDO
IDWXP 3DKDP 1XPROL 3C
1RWXQ *DUEKDQJD ODWDQJ 1C
-DOXNSDKDP *DUEKDQJD 3DKELC
SDKDP 1XPROL 3DWKDU 7KHNF
1D X

I1RWXQ *DUEKDQJD O0ODWDQJ .D
BOXEDUL -DOXNSDKDP *DUEKEL
*DUEKDQJD 1HSDOL %DVWL %R
S3DKDP 1XPROL 3DWK

I1RWXQ *DUEKDQJD 8OXEDUL *
SDKDPMLOD *DUEKDQJD 1HSDO
SDKDP 1XPROL 3DWK

1RWXQ *DUEKDQJD 8OXEDUL *
SDKDPMLOD *DUEKDQJD 1HSDO
IDWXP 3DKDP 1XPROL 3C
I1RWXQ *DUEKDQJD 8OXEDUL *
SDKDPMLOD *DUEKDQJD 1HSDO
IDWXP 3DKDP 1XPROL 3C
I1RWXQ *DUEKDQJD ODWDQJ 2C
B8OXEDUL -DOXNSDKDP *DUEKEL
*DUEKDQJD 1HSDOL %DVWL %R
SDKDP 1XPROL 3DWKDU 7KHNF
1D X

IRWXQ *DUEKDQJD ODWDQJ 1C
.D\DP 3DWKDU 20G *DUEKDQJD
-DOXNSDKDP *DUEKDQJD 3DKELC
*DUEKDQJD 1HSDOL %DVWL %R
SDKDP 1XPROL 3DWKDU 7KHNF
1D X

1RWXQ *DUEKDQJD 8OXEDUL *
SDKDPMLOD *DUEKDQJD 1HSDO
IDWXP 3DKDP 1XPROL 3C
IRWXQ *DUEKDQJD *DUEKDQJD
/IDWXP 3DKDP 1DXWDUL

I1RWXQ *DUEKDQJD -DOXNSDKD
ODW

-DOXNSDKDP

$PULQJ 20G *DUEKDQJD 1DXW
.D\DP 3IDWKDU 1DXWDUL

I1RWXQ *DUEKDQJD 8OXEDUL *
SDKDPMLOD *DUEKDQJD 1HSDO
IDWXP 3DKDP 1XPROL 3DWKDU

.D\DP 3DWKDU
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'XGK NF
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1LODN
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% X Q (
% X Q (
*

.*
% X Q C
% X Q C
% X Q
.*
% X Q
*

*

1RV
% X Q

B8OXEDUL %RUSDQL

-DOXNSDKDP

-DOXNSDKDP 1DXWDUL
-DOXN

-DOXNSDKDP 1DXWDUL
SDKDPMLOD 1XPROL 3DWKDU
3DKD!

1IDXWDUL

80X
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I1RWXQ *DUEKDQJD 200G *DUEKI
*DUEKDQJD 3DKDPMLOD *DUEK
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$PORN
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SKRR(

+LOLN
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*
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1RWXQ *DUEKDQJD 8OXEDUL *
SDKDPMLOD *DUEKDQJD 1HSDO
/IDWXP 3DKDP 1XPROL 3DWKDU

1RWXQ *DUEKDQJD ODWDQJ -D
IDWXP 3DKDP 1DXWDUL

1RWXQ *DUEKDQ

1RWXQ *DUEKDQJD 3DKDPMLOTL
7KHNHUD NXFKL

I1RWXQ *DUEKDQJD ODWDQJ 8C
-DOXNSDKDP *DUEKDQJD 1HSD
3DWKDU

-DOXNSDKDP 1DXWDUL

I1RWXQ *DUEKDQJD *DUEKDQJD
/IDWXP 3DKDP

I1RWXQ *DUEKDQJD *DUEKDQJD
3DWKDU

80X

I1RWXQ *DUEKDQJD 3DKDPMLOL
80X

%YRUSDQL 1XPROL 3DWKDU 7Kl

1RWXQ *DUEKDQJD
3DKDPMLOD

-KDUX

0)3

*

IRWXQ *DUEKDQJD ODWDQJ 2C
BOXEDUL -DOXNSDKDP *DUEKEL
*DUEKDQJD 1HSDOL %DVWL %R
SDWKDU 1DXWDUL
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I1RWXQ *DUEKDQJD 20G *DUEKI
*DUEKDQJD 3DKDPMLOD *DUEK
%DVWL %RUSDQL /DWXP 3DKD
TKHNHUD NXFKL 1DXWDUL
6PDOO 7LPEHU

$V SHU VXUYH\ HDFK KRXVHKRC
&IW RI WLPEHU LQ DYHUDJH GXULQ.

UHSDLULQJ RI WKHLU GZHOOLQ

LUHZRRG

W ZDV HVWLPDWHG WKDW DW ¢
ILUHZRRG LV FRQVXPHG E\ HDF
FRRNLQJ ILUHSODFH DQG SUHS¢
OLYHVWRFEN IRGGHU LQ WZR DC
%DPERR

'XULQJ VXUYH\ LW ZDV HYLGHQ
KRXVHKROG UHTXLUHYV DW OHD
%DPERR SHU DQQXP LQ DYHUD:
GZHOOLQJ KRXVHY DQG IHQFLQ

YRGGHU

6RFLR HFRQRPLF VXUYH\ UHYHI
1RV RI GRPHVWLF FRZ EHLQ
&RZ )RC E WKH YLOODJHUV LQ WRWDO ZK|
.* R IRGGHU SHU GD\ LQ WKH |
WZLJV DQG JUDVVHYV

7TRWDO QR RI *RDWYV LQ HWKC
*RDW )R F RQO\ ZKLFK QHHGYVY DW OHDVW
LQ WKH IRUP RI OHDYHV WZLJ\

3DDQ % X Q (

JLUHZR ORRW

1RV
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48$17,),&$7,21 2) 5(*8/$7,1* 6(59,&(6

LADUERQ 6WRUDJH LQ )RUHVW

$O0O0 DWWULEXWHV LQFOXGLQJ DERYHJURXQG ELRPHOVV .
HQFRPSDVVHYV VKUXEV KHUEV GHDG ZRRG OIRDWHRQDQQ@
ZHUH FDOFXODWHG EDVHG RQ ILHOG PHDYXNKUMHPHQOWWANYV RR B
HDFK IRUHVW VWUDWXP ZHUH H[WUDSRODWPIG WR WKH WR'

7KLV SURFHVV LQYROYHG ULJRURXV GDWI FE TG KB WWRIQ \D
WKH FDUERQ VWRUDJH FDSDFLW\ RI WKH IRUHVW CGHER\RV
ELRPDVV DQG VRLO FDUERQ ZH ZHUH DEOH BRR F/RIPTKBI?
SRWHQWLDO RI GLIIHUHQW IRUHVW VW ERWD/ WSHR Y LIGRQW LY
FOLPDWH FKDQJH PLWLJDWLRQ DQG FDUEWRQVRK\H G [5Q QDRI
LV D \RXQJ SODQWDWLRQ

60 6WUDWD| $YHUDJ $YHULO $UHD| 6WUDWD| ZLVH
1R &DUERQ &DUEF DVVLJ( WRWDO &DUERQ(
VDPSOH KD L( XQGHU| 0 7RQ
RI KO 0 7RQ VWUDW
0 7RQ i
6FUXE
2SHQ )
ORGHUDWH
)RU
9HU\ '"HQV
%DP|
JRUHVV
30D0Q
KD
7RWDO

AVERAGE CARBON SINK PER HA IN M/TON

hartt N 170,555
prantation I 60,71
Forest Blank [ 215,464

Bamboo [ 173,385
Very Dense Forest 274.187

Mode mte Demse Forest - - | 2104171

Open Forest [ 272217
Serub Forest |, 269.92

1] ol 1 L6} 150 200 250 300
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LLIDWHU 5HWHQWLRQ
D :DWHU %RGLHV

7KH PHWLFXORXV FROOHFWLRQ DQGUDPRX\YWVLRI XQG Yk
WKH ZDWHU G\QDPLFV ZLWKLQ WKH *DUEKDQJD 5HVHUY
DQG FRPSUHKHQVLYH PHWKRGRORJ\ WR DVVHNV RBW
VWUDWHILFDOO\ VHOHFWHG SRLQW YV DEOVQRIDWHHFEK @ IKTHX ¥
GLVFKDUJH GXULQJ WKH GU\ VHDVRQ SURYLGDGD FILWW
RI WKH ULYHU EDVLQV

'H\ ILQGLQJV LQGLFDWH WKDW DFF XU\ MWHQRH REXNUMHRHJ
PDQXDO JDXJLQJ RIIHU D UREXVW IRXQGDWLRQ IRU VX
GDWD FROOHFWHG ZHUH VXEMHFWHG WIRQ U LURIRKIN
WHFKQLTXHV HQVXULQJ SUHFLVH DQG UHIOHFWLYH FD
8QGHUVWDQGLQJ WKH ZDWHU UHWHQWLRQ GHDSSDFGE M/Q
FRPPXQLWLHY DQG PDLQWDLQLQJ WKH B ®HUZDODH K HIDHDW
DUH HVVHQWLDO IRU ORFDO OLYHOLKRRG®AKHNHUVFXAQ
HYDOXDWLRQV FUXFLDO IRU VRFLR HFRQRPLF VWDELOL

%DVLV Rl FDOFXODWLRQ LV =
7RWDO OHQJWK RI WKH ULWHU P
/ NP H P P

7LPH LQ VHFRQGV 7 GD\VPLQ iKU \GHDR PLQ

NPP

7 I I I VHF

9ROXPH SHURVHFRQ&XP \P

9r &XP WV

7TRWDO YROXPH P V1 P 1 \Y
9w ) ) FXP

7TRWDO YROXBWuLQ OL®NUMHY 9 OWU &XP
9owu T OLWUHYV

6R WKH WRWDO YROXPH RI ZDWHU UHWDL QHGA WQ HWKIHQE

GD\V
+HQFH /HDVW TXDQWLW\ Rl ZDWHU UHMWDLQHG GXULQJ
$YJ 7RWD 7RWD 7RWD /JHDVW /HDVW
9ROXH 9ROXPH 9ROXPKH YROXP| 4XDQWL| 4XDQWLW\ RI
OWU 6H GD\\ GD\ ZDWH ZDWHU ZDWHU
FXP | 'U\ VHD "U\ UHWDL UHWDL|{ UHWDLQHG L
“ LQ FXFE 6HDVR( SHU G| GXULQJ| /WU +D
“ /WU “ | GXULQJ \HDU <U
VHDVR| LQ /WU { *
/W U
[ [ [ [ [

/IHDVW 4XDQWLW\ RI

:DWHU UWW GIBQHG

[

7KLV FRPSUHKHQVLYH DQDO\WLV XQGHUVFRMHY WHWR X
PDQDJHPHQW W KLJKOLJKWV WKH QHFHWWIQN\ WRUDRE@.E
HQYLURQPHQWDO FKDQJHV DQG VDIHJXDUGURPWMKL Y HMMH
HQDEOH SROLF\PDNHUV DQG FRQVHUKYBPW WK@W 8V RPRGH
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GHYHORSPHQW ZKLOH HQVXULQJ WKH

DSSURDFK LV FULWLFDO

IRUHVWS WRDRWIW

IRU DGGUHWBY LRVWHOULRKDIWBI KB I

FRH[LVWHQFH EHWZHHQ KXPDQ DFWLYLWLHY DQG QDWXU

E 6RLO PRLVWXUH DQG ELRPDVYV

7KH DVVHVVPHQW Rl PRLVWXUH UHWHQW WK ZDWEK® C
5HVHUYHG RUHVW 5) FRXOG EH DSSUR[LPDWHRPWYXVYR
DQG VRLO GDWD MX[WDSRVHG ZLWK WKH RENVW W QH G XC
ZRRG FURZQ JURXQG OLWWHU GHDGZRRG DQG VRL
VHWWLQJV 7R DSSUR[LPDWH PRLVWXUH UHWHQWLIRQ \
FROOHFWHG ILUVW LQFOXGLQJ ZRRG FURZQ JURKQG

VDPSOHV DUH WKHQ VXEMHFWHG WR OD E RFRIDWRIDW Q D (
UDWH Rl PRLVWXUH ORVV XQGHU FRQWUROO B & RARQ\GRUY
FRQGLWLRQV LV FRQVLGHUHG HTXLYRDW®W EMAR MLK\HV ZIIX
QDWXUDO FRQGLWLRQV 7KLV ODERUDWR U\ FX0RKDZ B WRIX
HDFK FRPSRQHQW RI WKH IRUHVW HFRV\VWHP FDQ KRO(

%\ VIQWKHVL]LQJ WKH FRPSUHKHQVLYH GCGDWRVHWHQYWDYV
GHWDLOHG VRLO FKDUDFWHULVWLFVIIMNHQ®WRERWVKXRIGIHQ!
IRUHVW ZLWK WKH REVHUYHG PRLVWXUH ORRVUHRP WHKG
FRUUHODWLRQ KHOSV LQ FUHDWLQJ D PRWH ®&XDPEHE DIC

WKH IRUHVW 7KLV VFLHQWLILF DSSURDBK R Q\DEO H B W\HU
FDSDFLW\ RI ERWK WKH YHJHWDWLRQ FRPSRQHQWYV DQG
6d &RPSRQH ODVV .* ORLVW :DWHU 5HW :DWHU UHWDL
1R ORVYV ILWUHV S| /LWUHV |LQ
ODE GD\V
FRQGL
6WHP E . “ [ -
&URZQ E “ . [
ILWWHU DQG *URXQG “ “ [
9HJHW
'"HDG Z “ “ [~
%DP| . “ BE
6 R . . E

7RWDO :DWHU 5 HWHQWLRQ E\ ELRPDVVWQG VRLO HDFK GD\
7TKHUHIRUH 4XDQWLW\ RI ZDWHU UHWDLQHW® WE\ ELRPDVV DQGC

/WU

+HQFH

[

7TRWDO TXDQWLW\

/WU

R

ZDWHU UHWDLQHOULQ ZDWH

+HQFH 7RWDO TXDQWLW\ RI ZDWHU UHWDRDBIGMQ ZDWHU ER

[

ORLVWXUH UHWDLQHWULV¥BU

/WU <U
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MIHSTURE COMPONENT OF FOREST

&RPSDUDWLYH DQDO\VLV RI WKH ZDW HIb WHQWH GW P B R QFF-DBVD V |
HFRV\VWHP
L ODVV DOG ORLVWXUH /RVV 3HUFHQWD JH

f BWHP %LRPDVV KDV WKH KLJKHU PDVV DPRIQDLDDED @
FRQWULEXWLRQ WR WKH WRWDO ELRPDVIWRI WE&H PIRG I
PRLVWXUH ORVV SHUFHQWDJH RI “

f &URZQ % LRADDH OLIKWHU WKDQ VWHP ELRPDVLMNG FUREZQF
PDVV +RZHYHU LW KDV D KLJKHU PRLVW)QUH FRDRWIQS H |
ZDWHU ORVV FRPSDUHG WR VWHP ELRPDVYV

f ILWWHU KDV D VXEVWDQWLDO PDVRI DQG LWD ORRL \EW WL
WKDW RI VWHP DQG FURZQ ELRPDVV PDNLQJ LW DQ LP¢

f " HDGZRRHVSLWH KDYLQJ D ORZHU PDVV WK D Q YOH PFBIQR
DPRXQW RI ZDWHU ,W KDV D UHODWLYHO\ OR ZL®RLMM\X
HIITHFWLYHQHVV DV D ZDWHU UHVHUYRLU

f 6RLO KDV WKH KLJKHVW PDVV DPRQJ DOIQERKSRIQ HIGINO/
LWV GRPLQDQW UROH LQ WKH IRUHVWR BHARDW MW HPR L ¥ R/Z
SHUFHQWDJH RI “ LQGLFDWLQJ RQJRLQJ ZDWHU Ul

f

LLDWHU 5SHWHQWLRQ &DSDFLW\

f - KHQ FRQVLGHULQJ WKH ZDWHU UHWDLQUYWGRLWR LOH WMPH

DSSUR[LPDWHO\ ELOOLRQ “* OLWUHV RI ZDOCHWR QL
OLWUHV GHPRQVWUDWLQJ LWV VLJ@HVSLW ERYWR
FRPSDUHG WR VRLO

f 6BWHP ELRPDVV DQG GHDGZRRG UHWDLQ VLPLORO ROX
“ DQG PLOOLRQ * OLWUHV UHVSHFWLHY YR GUR
DSSUR[LPDWHO\ PLOOLRQ *“ OLWUHV UHIOHFWLQ

f

LIAYHUDOO &ROWULEXWLRQ WR :DWHU %DODQFH

f :-KLOH WKHVH FRPSRQHQWYVY KDYH ORZH BUXFV DIDVURRCPHE\D
UHWHQWLRQ HVSHFLDOO\ FRQVLGHUDQHB W KHKHI PRZW!
VLIJQLILFDQWO\ WR PDLQWDLQLQJ VRLO PRLVWXUH OHY
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f '"HVSLWH LWV KLJKHU PRLVWXUH ORVV S QRMHIDOHI MR O
ZDWHU FRQWULEXWLQJ WR PLFURFOLPDWH UHJXODWLF

f $V WKH ODUJHVW FRPSRQHQW VRLO NFWRW LDQ/J VDIQHS SUH
ZDWHU IRU SODQW XSWDNH JURXQGZDWHU UHFKDUJH

(DFK FRPSRQHQW RI WKH IRUHVW HFRV\VWH® SROMV LI
UHWHQWLRQ UHIOHFWLQJ LWV PDVAR PRLMVADOUIK QRW VREXK
VHUYHV DV WKH SULPDU\ ZDWHU UHVHUYRLU RMH ELRP
PDNH VLJQLILFDQW FRQWULEXWLRQV WR PDRQW WVHPL RH ¥
8QGHUVWDQGLQJ WKH FRPSDUDWLYH ZBDRMSRQHQYWYWIRIE
IRU HIITHFWLYH IRUHVW PDQDJHPHQW MR@GWHR @ VRIUN®MPLOR
DQG ZDWHU UHVRXUFH PDQDJHPHQW

LY HPSHUDWXUH 5HIXODWLRQ
7TKH VWXG\ ZDV FRQGXFWHG WR FRPSDUH WKBWEKP®HDI
SHVHUYHG )RUHVW 5) DQG WKH XUEDRS BUBW XRIH*XHADK:
UHFRUGHG WKURXJKRXW WKH \HDU DW IRXU FDUGLQD
KUV DQG +D 7KH PHDQ WHPSHUDW XWQHS W VIW D B G F\W K4
HITHFW RI WKH IRUHVW

ORQWK $YHUDJH $YHUDJH $YHUDJH $YHUDJH
ZLVH ZLVH ZLVH WHPSHUD

WHPSHULI WHPSHUL 7HPSHUD & GLIIH
& LQVL & DW & GLIIHL
*DUEKDQJ *XZDKDW|1
-DQXDU

YHEUXD U\
ODUFK
$SULO
0D\
-XQH
-X 0\
$XIXVW

BHSWHP
2FWREHU

1RYHPE

'HFHPEHU

7KH DYHUDJH WHPSHUDWXUH GLITHUHQFH&GXULQJ $SULO
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TEMP COMPARISON

i (A HA S G TE hia e 1Y FERAP e T ERGT DF}

D 6HDVRQDO 9DULDWLRQ
7KH WHPSHUDWXUH GLIITHUHQFH EHWZHHQ * DRPEKCRXMD W)
\HDU LQGLFDWLQJ GLVWLQFW VHDVRQDO SDWWHUQV
'XULQJ WKH ZLQWHU PRQWKYV 'HFHPEHU WR )HBU&WD WD
FRROHU WHPSHUDWXUH FRPSDUHG WR *XZIDK® WL f&L WAR

f& 7KLV VXJIJHVWV WKDW WKH IRUHVW CHIW ILR® (CPIHD(
FROGHU WHPSHUDWXUHYV
,Q WKH WUDQVLWLRQ PRQWKYVY RI VSULQJ BBQFKDWRKDI.
5) DQG *XZDKDWL &LW\ ZLGHQV UHDFKLQJ LWY&SHIKN VL (
FRXOG EH GXH WR IDFWRUV VXFK DV LQFRNDEHG ¥MHJWHWY
ZKLFK KHOS UHJXODWH WHPSHUDWXUHY ZLWKLQ WKH IR
'XULQJ WKH VXPPHU PRQWKV -XQH WR $XJXVWW|V *DU
VLIQLILFDQWO\ FRROHU WHPSHUDWXUHW ®RR S8 DUIHB® MR

f& WR f& 7KLV VXJIJHVWYV WKDW WIODHW UHQOWHH QY |
KHDW SRVVLEO\ GXH WR WKH SUHVHQFRRO LGHQNIHR RV Q H
ZDWHU ERGLHV
,Q WKH WUDQVLWLRQ PRQWKYV RI DXWXPQ X&HHS @/IH RHEBIK(
UHPDLQV VXEVWDQWLDO DOEHLW VOLJKWO\UEKGRBBGSF
FRQWLQXHV WR PDLOQWDLQ D FRROHU FOLPDWH ZLWK G|

E <HDUO\ $YHUDJH
7KH DYHUDJH \HDUO\ WHPSHUDWXUH GLIIHUHQPPH | RI
FRQVLVWHQWO\ PDLQWDLQV D FRROHU FOLPDWH FRPSDL
7KLV VLIQLILFDQW WHPSHUDWXUH FRQWUDDMVDV RIIW X W
WHPSHUDWXUH UHJXODWRU IRU WKH UHJWKQ@WSRERYY K®I
HFRORJLFDO HQYLURQPHQWDO DQG VRFLDO LPSOLFDW

D 3BRWHQWLDO ,QIOXHQFLQJ )DFWRUYV
9HJHWDWLRQ &RYHU 7KH SUHVHQFH RI Y GV B WL R Q XF|
UROH LQ UHJXODWLQJ WHPSHUDWXUHV E\ DQRY LOGALMDIL WK
HYDSRUDWLYH FRROLQJ
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(OHYDWLRQ *DUEKDQJD 5) PD\ EH VLWXDWHG DW D |[KLJK
ZKLFK FDQ FRQWULEXWH PLOQXVFXOH WR PWROSKH QRIS
ZKHUH DLU WHPSHUDWXUH GHFUHDVHYV ZLWK LQFUHDVLC
SBUHVHOFH RI :DWHU %RGLHV *DUEKDQJD 5) KQVWKH IR®P
RI ULYHUV DQG ULYXOHWY ZKLFK FDQ PRB HWRRWH QN HPGC
IRUPDWLRQ RI ORFDO EUHH]HYV

SBUEDQ +HDW ,VODQG (IITHFW *XZDKDWL &L W\ FRDR SHD[

E ,PSOLFDWLRQV
(FRORJLFDO 6LJQLILFDQFH 7KH FRROHU P L F URHFOVHP|DOVRL
DQG IDXQD DGDSWHG WR ORZHU WHPSHUDWXUMWWGFRQ
ELRGLYHUVLW\
+XPDQ &RPIRUW 7KH FRROHU WHPSHUDWXUHW\RIWRWYE K
QDWXUDO HVFDSH IURP WKH KHDW SURYLGLQJ HUHFQ®I D
TXDOLW\ RI OLIH
&OLPDWH 5HVLOLHQFH *DUEKDQJD 5) VHPMHWHDW Bl YQHDQW!
FOLPDWH FKDQJH LPSDFWV KLJKOLJKWLRQHAMN B QAP
VWUDWHJILHY LQ WKH UHJLRQ
2YHUDOO WKH WHPSHUDWXUH GLIIHUHQFHW ZDEMHULY .G
XQGHUVFRUH WKH LPSRUWDQFH RI QDWRDDVH ¥ FORNG VR KM
WKH HIIHFWV Rl FOLPDWH FKDQJH 8QGHUVWDQGDED W IO
PDQDJHPHQW FRQVHUYDWLRQ HIIRUWV DQG XUEDQ SOL

JRU TXDQWLILFDWLRQ RI WKLV FRROLQJ BH8HRW) VD G/H D X&RL
GHILQHG DV] Pl P 7KLV YROXPH LV FRQVLGHUH|G W\
D KRXVHKROG LQ XUEDQ DUHDV ZKHUH $LU &RDRSGLWAIRQHL
PHDQ WHPSHUDWXUH GLIITHUHQFH EHW ZH HLQQ & IKHD MRIUMY W K E
HITHFW RI WKH *DUEKDQJD 5) 7KH WRWDO L@QHRERU QU
WRWDO YROXPH RI DLU WUDSSHG LQVLGH KRXWROKPHGN HR

P Pl P &XP “ 7KH DYHUDJH SOLQWK DL
WKH *DUEKDQJD 5HVHUYHG )RUHVW LV PHDVXUHKBHWRKBHR |

P EDVHG RQ GDWD FROOHFWHG IURP WKH VXUYH\HG KF
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$YHUDJH 9R!¢ 7TRWDO Q 7RWDO YRO> 7TRWDO QR
DLU ZLWKL +RXVHKR KRXVHV LC YROXPH

KRXVH RI *DI LQVLGH *D! *DUEKDQJD
: LQ &X

S5HIHUULQJ WKH GDWD SURYLGHG LQ WKBHVBDEYH )RKHW\R
WDNHQ LQWR DFFRXQW 6XEVHTXHQWO\ WKH MpRWDO B X

P LV FDOFXODWHG 7KH DYHUDJH FURBHKQH ERQW LMK
FRPSXWH WKH WRWDO YROXPH 7KLV DS$UFRUAKDNYMXVRAMQ
YROXPH EDVHG RQ WKH DYHUDJH FURS K HILWHW QD WRIVAD WE
5)

R RI
OXPH

JURP VDPSOH VXUYH\V FRQGXFWHG LQ KRXVRKROZDK D MN KA
GDWD ZHUH FROOHFWHG UHJDUGLQJ WHKHH IDR'RIR) DVIHHP &I B B W
GXULQJ VXPPHU XVLQJ HOHFWULFDO DSSOLD/QHARRV D/SMALQ
URRP VL]H RI P P [ P $GGLWLRQDOO\ WK
FRQVXPSWLRQ QHFHVVDU\ IRU DFKLHYLQJ WKLW M HEGEE UDN
DUH DV IROORZV

3RZHU 5C $YHUDJH WLP 3RZHU /TRWDO 3RZHU FRQV]
7RQ $& WR UHGXFH UR &RQVXPS' KDYH EHHQ UHTXLUH
N:K [ P [ P GXULQJ WR R& 8R& ORZHU |

WHPSHUDW X& FRROLQJ | HVWLPDWHG YROXP
R& XVLQJ W *DUEKDQJD 5) IRU W
KRXUV IURP $SULO WR 6HS\

&DOFXODWLQJ WKH SRZHU FRQVXPSWLRQ RI D \ WRRIQ DLU
GD\V RI VXPPHU QHHGV IROORZLQJ VWHS #
$ WRQ DLU FRQGLWLRQHU W\SLFDON\ WMWRNVVDFBRZHWUU L
N: LV D FRPPRQ HVWLPDWH
PLOQXWHYVY QHHGYVY WR EH FRQYHUWHG WR +U

PLQXWHYV KRXUV +U
(QHUJ\ FRQVXPSWLRQ N:K N: iIN:K +RXUV
(QHUJ\ FRQVXPSWLRQ N:K IRN:K +RXUU; ; N:KKHWHIRUH
N: K

6R WKH WRWDO SRZHU FRQVXPSWLRQ IRWN:KKRXU ZRXOG
&RQVLGHULQJ WKDW $& LV XVHG KRXUO\ D GD\ LQ XUED
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7TRWDO HQHUJ\ FRQVXPSWLRKOLEG LWK®\PHRU PRIOW KK ROH \H

GXULQJ UHVW RI WKH PIRODWKM LQ XMNRBDYWLWBHINROXPH RI |

LQVLGH *DUEKDQJD 5) N:K [ +RXUV | 'D\V
N:K

+HQFH (QHUJ\ &RQVXPSWLRX +«DJ
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48$17,),&%$7,21 2) &8/785%$/ 6(59,&(

%DVHG RQ H[WHQVLYH VXUYH\V DQG LQWHUYLHZY ZL
UHSUHVHQWDWLYHV IURP HGXFDW L RXO GLLY WL QW ¥WWHORGW
KDYH EHHQ LGHQWLILHG ZLWKLQ *DUEKDQMXBH ZKWVE
3KRWRJUDSK\ DQG %LUG :DWFKLQJ 3LFQLFV B8 QG VLHONK
WKHVH FXOWXUDO VHUYLFHV WKH HNVWHPRWHRGY B X PVEKK
\HDU KDV EHHQ FRPSLOHG DV IROORZV %

Average no. of

3l Purpose of visit No. of persons | days visited per Total

No. P 2E0F v P Mandays
year per person

: Adventure Outing 79 45 3555

2 | Photography and Bird Watching 57 27 1539

3 Picnic 93 1 a3

4 Field Study 262 15 3930

Mandays in an Year

A 500
S
3500 -
F000 |
£ SO0
2000
150
1000

500

[l - E—
Adventure Outing Photography & Bird Picnic Field Study

watching

+LJK HQJDJHPHQW LQ $GYHQWXUH 2XWLQJ DQ GVRWDG BIMX

ORGHUDWH HQJDJHPHQW LQ 3KRWRJUDSK\ DQG %LRBRG :DW
HQWKXVLDVWYV

IRZ HQJDJHPHQW IUHTXHQF\ LQ 3LNF®IOR REWL QXWEHW &M \EI

)L

HOG 6WXG\ LV WKH PRVW SRSXODU DFWLYLW\ LQ WHUPV

$GYHQWXUH 2XWLQJ DQG )LHOG 6WXG\ DWW LDYQ @/ LKL\ KG P
SDUWLFLSDQW HQJDJHPHQW 3LFQLFNLQJ DOWMKRXLIS QRS
WASLFDOO\ D RQH WLPH DQQXDO DFWLYLW\ IRU PRVW YLVL
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48%$17,),&%$7,21 2) 6833257,1*

6(59,8&(6

6BRLO OXWULHHW UHWHQWLRQ

7KH DQDO\VLV RI VRLO VDPSOHV ZDV OHDEHRULHGR R X W Q&H W/ |
'"HSDUWPHQW *RYW RI $VvDP 8OXEDUL IRBH\DWIGPDWLQJ
PDFURQXWULHQWY WR GHWHUPLQH WKH HQXW VMWAWDNW DXBIOAL
DV IXUQLVKHG EHORZ =

Crgans. Sail
& s '“’”‘:"‘_ H Ramari crtonin | Remars | GN | Mirogen :::1-:: Apmaks m Apwans | Tamune
Flegti g 1 e
1 Serus Forear a5 ey Shrongly Srisic LR5A ey biph | 14.E50 0. 360 IR | Verplom | PO 040 Radiamr fanzyimam
I Qranferal | 47043 Exiranaiy Aridic Toge |wenyHigh| 12322 | gasp | 3809 |verylowm | sa@ssen,  Hgh Sandy Loan
3 ans e Sl w daelsl 3834 | Wy igh | 18543 G3BD | BT | Wy Loe | 398188 Hgdh Savd i Lina i
4 uIE 4565 | WeryshongyAckale | 3585 |vevigh| 1aTRET Gden | B1955 |velow | 3306550 Hph | Sedvloom
[ Plwrint ar A5FA | weryThesnpty Acisie | 4T3 | Wencragh| 18.m2 280 | 17 [ Verpics | #5680 | Msdiaor | Sandyioam
b Feemiglask | sas | WirysicongyAcidic | 8076 | vencrigh| 1800 | 0.250 | 00ram [verp lew | #EeTEDT  Highe | Seneylown
1 harl L0 | ey Sreongh i | 3650 [vedeigh) 12050 1 G0 | O0ESE ey Lew | 5240 ) Werylow | Sadylosn
E Ryt Pairh 4 A1 YWery Broongly) Al 4 5IR WreryHiph | T7.RAT (el RAR | Vg bods | 43 TAd Hph Sardyi nm
7TDNLQJ & 1 UDWLR DV DV DYHUDJH 6RLO 1LWURJHQ LV

$ S+ /[HYHOV
$00 SORWV H[KLELW YHU\ VWURQJO\ DMLIGH R IF RRUGIMW. R G
DFLGLW\ FDQ LPSDFW QXWULHQWWD YEDX\W OLEV/L @/ 8/ FD@G I R U
HFRV\VWHPV 7KH DFLGLF QDWXUH RDORUSVRWWR LLO/N D DY
FKDUDFWHULVWLF VKDSHG E\ YDULRXV QDRMXHA/D RN
7TKHVH DFLGLF FRQGLWLRQV VWHP IURP VHWHBRQORIDRWF
PDWWHU WKH DFFXPXODWLRQ RI RUJDQLF DFLGV IURP G
VXEVWDQFHV IURP VXUURXQGLQJ YHIHWDWLRQ DQG UDLC

D )DFWRUV &RQWULEXWLQJ WR $FLGLW\ LQ J)RUHVW 6RLO)

f 2UJDQLF ODWWHU "HRRMYRWMLWURIQULFK LQ RUJDQLF P

OHDYHV WZLJV DQG GHFD\LQJ SODQWGPD@ RUUDQLBL
GHFRPSRVLWLRQ UHOHDVHV RUJDQLF DFLGV LQWR WK
/JHDFKLQJ RI 2UJBQLEBFQAGWQ IRUHVWHG DUHDV LQWH¢
WKH IRUHVW IORRU OHDFKLQJ RUJDQLF IDFREGXGIHQ K&
DQG IXOYLF DFLGV ZKLFK IXUWKHU ORWHW RHRIKO WBK-H
OD\HUYV

9HJHWDWLRQ 0QDXWQFHY DQG SODQWV LQ IRUHVW
DGDSWDWLRQV WR DFLGLF VRLOVLGKW\ VKW RXH & \\WIRHK
DFLGLF FRPSRXQGV IURP WKHLU URRWV RU QYW WHRJ
WKHLU JURZWK ZKLOH VKDSLQJ VRLO FKHPLVWU\
6RLO :HDWKHULQBRIWRPHYWHYOV XQGHUJR ZHDWKHU
UHOHDVLQJ LRQV VXFK DV DOXPLQLXP D QG W\ GUKRH\HH
LRQV FDQ DFFXPXODWH LQ WKH VRLO VROXWKXRQLB
DYDLODELOLW\

E,PSDFW RQ 6RLO +HDOWK DQG”» FRV\VWHP )XQFWLRQLQJ

f IXWULHQW $YTKHODELOLWWHQYLURQPHQW RI IRUHVW V|

RI HVVHQWLDO QXWULHQWY VXFK DV SKRREKRWXW UEDB
PD\ EHFRPH PRUH VROXEOH DQG UHDGEPHN\WOWMIEICIHD B/ARF
GXH WR S+ LQGXFHG FKHPLFDO UHDFWLRQV
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f OLFURELDO S$RWOQYRMWFURRUJDQLVPV SOD\ FUXFLDO UR
PDWWHU GHFRPSRVLWLRQ DQG RYHUDOWDMRQLY KIHIORQ
VRLOV FDQ LPSDFW PLFURELDO FRPPXQLWLHVLMQIHFW

f 30DQW $GDIWOWERDQDYW VSHFLHV LQ IRUHVW HFRV\VYV
WKULYH LQ DFLGLF VRLOV 7KHVH DGUDSYWBWYRQYVPEC
UHODWLRQVKLSY ZLWK P\FRUUKL]DO IXQJl ROXWK®LD
WR[LFLW\ DVVRFLDWHG ZLWK DFLGLF FRQGLWLRQV

% 1XWULHQW /HYHOV
D1ILWURIHQ

.KDULI SODQWDWLRQ DUHDV VKRZV WKH DORZHV &R QLW

QLWURJHQ GHILFLHQF\ 1LWURJHQ LV FUMRLPD\ IRUHSE!

YHJHWDWLRQ GHYHORSPHQW LQ WKLV SORW

3UREDEOH UHDVRQV IRU /RZ 1LWURJHQ

x &URS 5RWDWLRQ DQGH¥DHUQNMWWDQYHVWLQJ DQG FU
SODQWDWLRQ DUHDV FDQ GHSOHWH VARLB[WUWBWRJIG D
IURP WKH VRLO

x IHDFKLQJ DQG 9ROD@EOQRDPLRRLOV DUH SURQH WR C
LUULJDWLRQ ZDVKHVY QLWURJHQ GHHSHU L@WR WKH

x ,QVXIILFLHQW 1LWURAIM @ 1) QIIDWLRIHQ IL[LQJ SODQWV
DFWLYLW\ WR IL[ DWPRVSKHULF QLW URRQWLUQ\E R WH X\
QLWURJHQ OHYHOV

E 3SKRVSKRUXV
JRUHVW %ODQNV KDV WKH KLJKHVW SKRVSKRUXV OHY
DQG .KDULI DUHDV KDV WKH ORZHVW F P DVMRW HL
GHFRPSRVLWLRQ PDQLIHVWY ORZ SKRVSKRUXYV DYDLOL
SBUREDEOH UHDVRQ IRU +LJK 3KRVSKRUXYV
f IDWXUDO 3KRVSKRUKAV SIRRKWHEGNFH RI QDWXUDO SKRV.
GHFD\LQJ RUJDQLF PDWWHU URFNV DQG VEIK®RWPXQH
OHYHOV LQ IRUHVW VRLOV
f/RZ (URVLRQ DQG YRDHAWKWQHFRVI\VWHPV W\SLFDOO\
GLVWXUEDQFH DQG HURVLRQ ZKLFK KHOSV UHWDLQ

3UREDEOH UHDVRQ IRU ORGHUDWH 3KRVSKRUXYV

f ORGHUDWH 2UJDQLF 0DW WAHDP BRR SORWAKHMR BLIKW K
UDWH Rl RUJDQLF PDWWHU GHFRPSRVLWLRQ SURYLCG
VLIQLILFDQW DFFXPXODWLRQ RU GHSOHWLRQ

f (IILFLHQW 1XWULKPWERWF OS@IQWY PLJKW HIILFLHQ
PDLQWDLQLQJ PRGHUDWH SKRVSKRUXV OHYHOV LQ W

3UREDEOH UHDVRQ IRU /RZ 3KRVSKRUXYV

f OQOWHQVLYH $RBREWORXRX¥V FURSSLQJ DQG UHPRYDO |
VRLO SKRVSKRUXV OHYHOV

f 3RRU 2UJDQLF O0DWWH U5 HCPRFRHSR RIWWDRQF PDWWHU G
PLIJKW OLPLW WKH UHOHDVH RI SKRVSKRUXV LQWR W

f 6RLO )L[BWRRSKRUXV FDQ EHFRPH IL[HG LQ IRUPV W]
SODQWYV HVSHFLDOO\ LQ VDQG\ VRLOV ZLWK ORZ RU.

F3RWDWVLXP
$00 SORWV H[KLELW ORZ SRWDVVLXF\BENYERDW QLK EBID ¢
WROHUDQFH LQ WKH IRUHVW HFRV\VWHP
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SHDVRQ IRU /RZ 3RWDVVLXP

f /THDFKL&QG\ ORDP VRLOV DUH VXVFHSWLBOHADWRHGH
DzD\ E\ UDLQIDOO RU LUULIJDWLRQ UHGXFLQJ LWV D

f &URS 8SWDNHSODQW XSWDNH RI SRWDVVLXP ZLWKRX
WR GHSOHWLRQ RI VRLO SRWDVVLXP OHYHOV

f OLQHUDO :HDWE&ERYUIZHDWKHULQJ RI VRLO PLQHUDOV \
FRQWULEXWH WR ORZ OHYHOV LQ WKHVH VRLOV

G2UJDQLF ®DWWHU

'HVSLWH YDULDWLRQV LQ QXWULHQW ORD W UDBPRQ B/

FKDUDFWHULVWLF IHDWXUH RI IRUHV\R LRV @/ X EWDOUH. |

UHWHQWLRQ DQG QXWULHQW F\FOLQJ LQ QDWXUDO HF

5HDVRQ IRU +LJK 2UJDQLF ODWWHU

f JRUHVW (FRMAVWWW VRLOV JHQHUDOO\ KDYH KLJK RU
OHDI OLWWHU SODQW UHVLGXHV DQGFRP®DPMI R L
GHFRPSRVLWLRQ RI RUJDQLF PDWWHU

f %LRGLYHUMKWELRGLYHUVLW\ LQ IRUHVW HFRV\VWH
FRPPXQLWLHV WKDW FRQWULEXWH WR WKH EUHDNGR

f

=

£ % B B U O o~i 00

SOIL NUTRIENT

Scrub Open MDF VDF Plantation Forest Khari ff Bamboo
Forast Forest Blank Patch
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r 7

Open MOF VDF Plantation Forest

H6RLO 7H[WXUH
$O00 SORWV VKDUH D VDQG\ ORDP WH[WXUH\SEBROLBIL (R
VRLOV :KLOH QDWXUDO VDQG\ VRLOV PBODHI[QH UWLX\WWQE
DYDLODELOLW\ WR YHIHWDWLRQ

SHDVRQ IRU 6DQG\ /RDP 7TH[WXUH

f SDUHQW ODWHWIROL@® WH[WXUH LV RIWHQ GHW HULAIKQ H C
WKH VRLO LV IRUPHG 6DQG\ ORDP VRLOW ®V WKW HE\H
RWKHU FRDUVH WH[WXUHG SDUHQW PDWHULDOV

f 1IDWXUDO 6RLO )RUPDWH RD ¥WXRIPHOVBHRFHVVHYV RI VR
ZHDWKHULQJ RI URFNV DQG GHSRVLWLRRBP WHH MWPH.
REVHUYHG LQ WKHVH IRUHVW SORWYV

7TKH TXDQWLW\ RI VRLO PHDVXUHG LQBRXEUNWHCHWHNU FL
ZHLIKW RI D PWU [ PWU [ PWU VRLOW I/VKFHOQHX K C
HVWLPDWH WKH WRWDO YROXPH Rl VKLY D@ FXEDF KP B &/IHX
PDUNHW SUDFWLFHVY ZKHUH IRUHVW VRLO LV W\SLFDOO\

7TRWLC $UHD 7RWDC( 7TRWD 7RWDO QR] 9ROXtF 7TRWD
$UHD VXE S RI VX 9ROXPt! SORW X(CRI VRL YROXP
KD IRUV SORW 6RLO XQLW 6RLO

VDPSC +D &XP +D & XP HVWLP
6T PW

+HQFH 9ROXPH RI 6RLO&XIP
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5HOHDVH RYIPRASIHQ

D,Q WKH DVVHVVPHQW RI WKH WRWDO R[NFRY \VMMHHPD \RHXD E
VWRUDJH LQ WUHHYV ZLWK D GLDPHWHU JUH D WIHW WHIOHG W
FULWHULRQ ZDV HVWDEOLVKHG WR IRWKW\WSHHALADPBDO A
VLIQLILFDQWO\ WR FDUERQ VHTXHVWUDWLRQ DQG R[\JHC

E *LYHQ WKH DYHUDJH DJH RI WKH WUHH F3MHRS FRQ Y HGKHH H
GHFLVLRQ WR H[FOXGH VKUXEV KHUEV OLWWEDODQ® Y|
PDGH GXH WR OLPLWDWLRQV LQ VFWRQMWKHIVH GRW B RIQHDQ\
DUHD RI LQWHUHVW :KLOH WKH DJH RI W KH & BRIQHHNWRSE F
JURZWK SDWWHUQV DQG DJH YROXPH UHODWLHRW VIXQ &V6 2
ZHUH QRW UHDGLO\ DFFHVVLEOH DQG EDPERR ELRPDVV L

F 7KLY FDXWLRXV DSSURDFK HQVXUHV WKEWW IGHRDVVREX|
YHULILDEOH GDWD WKHUHE\ PDLQWDLQQ@WQUIL W K$HO W KIRKQ
HIFOXVLRQ RI FHUWDLQ FRPSRQHQWY PD\ LRWWRB XMMXG
DOORZV IRU D IRFXVHG DQG ULJRURXV H[DPLOQIWHRRQOR IW
PDWXUH WUHH ELRPDVV ZLWKLQ WKH *DUEKDQJD )RUHVW

7TRWDO &DUEH 7TRWDO 2[\J 7RWDO 2[\JHQ 7TRWDO 2[\JHQ
7TUHHV LQ 0 7} 5 HOHDVHG L( LQ /LWUHV GXYy UHOHDVHG LQ /

\HDUV * \HDUV * E\ WUHHV “| +D GXULQJ
E\ WUHHY *
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48$17,),&$7,21 $1' 9$/8%$7,21 2) )25(6
(&26<67(0 6(59,&(6 2) *$5%+$1*$ 5) ,
7(506 2) 3(5 81,7 +$ $5($

A4XDQWLI\LQJ DQG YDOXLQJ WKH IRUHVW HHPARVG VWY P VWH UYL Fi
KHFWDUH EDVLV SURYLGHV FUXFLDO LQVSHKWSHFEWPYERW BFH#
WKLV DSSURDFK DOORZV IRU WKH SUHFLMMXFO\DWHFDIBERY \RH
ZDWHU SXULILFDWLRQ ELRGLYHUVLW)\ FR@\HULYD WKV HD QgL
FDQ FRPSDUH WKH HFRORJLFDO KHDOW KK DIQ®R BLJR & XVDALGD WC
WKDW FRQVHUYDWLRQ HIIRUWY DUH RQ SDU @\L WK Q@ RMHU Q
HFRV\WVWHP VHUYLFHV WUDQVODWR®YHWMIHRROUPMFEDNEBQ
UHFRJQL]JH WKH IRUHVWYTV FRQWULEXW LR QAH W&H W\X H CHF RRYR
*DUEKDQJD 5) FDQ EH YDOXHG EDVHG RQELEREN 8 UPADLWE\RKD P DE
WKURXJK LWV SRWHQWLDO WR DWW U IDDRF CHF W R IXFX.WW XOUHG
ZRXOG QRW RQO\ KLJKOLJKW WKH VLJQLILF DM YARQR EX®V
UHLQIRUFH WKH LPSRUWDQFH RI VXVWDLRQ ER LFUHV WHRD/XI
HFRORJLFDO ZHDOWK RI *DUEKDQJD 5) L VLS HHWXISRIGWILRQ I\
HFRQRPLF JURZWK

4XDQWLI\LQJ DQG YDOXLQJ IRUHVW HFRAVGV)WHRAWW UY)L IRQY RIS
EDVLV VWUDWLILHG E\ IRUHVW W\SHYVYIHUH®WYVIHRYW VN VIR U DX
0') 2) 6) )RUHVW %ODQNV .KDULI DQG %DPEFR\EWDIDNFPVVIBUR
6FLHQWLILFDOO\ VWUDWLILHG TXNMG@WYPH@W LRR QVBEEB O\RIZH/F LR
HDFK IRUHVW W\SH PDNHV WR FDUERQ VHTXHYY\DWDLVRIOR QD QKX
UHIJXODWLRQ HWF )RU LQVWDQFH 9') RIWHQ KDYMHRRISIKHLUGEV
RWKHU VWUDWD

(FRQRPLFDOO\ WKLV VWUDWLILHG DSSHRP¥X W& P EOHY WHKHV
WKH WUXH HFRQRPLF YDOXH RI HDFK IRUHV W D/OVSHE QR UI RH DR
FUHGLWYVY ZKLOH 0') PLIJKW EH LPSRUWDQWRWR XBLR/®L YFHVIM
PRQHWDU\ YDOXHV WR WKHVH VHUYLFHNDRQSD FS\HW K HAVWIDKI}
FROQOWULEXWLRQV RI HDFK IRUHVW VWUDW®PLQDRNVWPHQWL Q B

,QFRUSRUDWLQJ WKLV VWUDWLILHGZYN®XWMH R/G LW R | VL QM K
FDSLWDO LQWR HFRQRPLF SODQQLQJ %\ UHFRQ®@L]RQHWWK WV
SROLF\PDNHUV FDQ PDNH GHFLVLRQV WKDMHGWRPQ® HH VK
GHYHORSPHQW 7KLV FRPSUHKHQVLYH VRLHR@WQRVF RQD O X\QLG
LPSRUWDQFH RI FRQVHUYLQJ *DUEKD Q X3 SR EW IWQ D OWKRH HVQ/K D\
DQG HFRORJLFDO KHDOWK 6XFK DQ D SSQRIH R IHQNRWAN W MK
DFNQRZOHGJHG DQG SUHVHUYHG FRQWULEXWRQG WRRERWI
SURVSHULW\
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7KH WDEOH SURYLGHV YDULRXV DWW ULE XWHY LQHFOXW H G5 FAURX |
JRUHVW 6) 2SHQ )RUHVW 2) ORGHUDWHO\ 'WQWYH )RBHWWW
%ODQNV .KDULI 30DQWDWLRQ DQG %DPERR (DFKQBDIMWHJIRU
HFRORJLFDO DQG HQYLURQPHQWDO FRQW U LLEXDWLRRWV +HUH

JRUHVW 'HOQVLW\ DQG %LRPDVV
D 9HU\ '"HQVH )RUHVW 9")
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L %DVDO $UHD P8 +Dqi 7KH KLJK E D \ROXD DO UHDH DQRG
WUHH WUXQNV SHU KHFWDUH UHIOHFWLQJ KLJK WUHH C
LL &DUERQ 6WRUDJH 0* +Dqgi <Ugqi 'HQVHRRUHVWV
JUHDWHU FDUERQ VHTXHVWUDWLRQ 7UHHV LQ AWVWRU
Y ORLVWXUH 5HWHQWLRQ +LJK VWHP FURZQ DQG JURXQC
VXJIJHVW D VLIJQLILFDQW UROH LQ PDLQWDL QIHEBIXWHKH K\
HYDSRUDWLRQ DQG LQFUHDVH ZDWHU LQILOWUDWLRQ L¢

EORGHUDWHO\ '"HQVH )RUHVW 0')
&RPSDULVRQ WR 9') 0') KDV ORZHU EXW VWDROBRWYLY@IR UBL
DQG PRLVWXUH UHWHQWLRQ VKRZLQJ LW DOVR SOD\V D F
OHVVHU H[WHQW WKDQ 9')
ORLVWXUH 5HWHQWLRQ
f 30DQWDWLRQV
L +LJK ORLVWXUH 5HWHQWLRQ 6WHP ORLVWXUH 5HWHQWL
ORLVWXUH 5HWHQWLRQ /WU +Dqi <Ugqi 30DQWDWL
VSHFLHY UHWDLQ D ORW RI PRLVWXUH ZKLFK KMIOSY LC
ZDWHU F\FOH
LFURXQG %LRPDVV ORLVWXUH /WU +Dgi <Uqi DZ&H OL
VRLO PRLVWXUH VXSSRUWLQJ URRW V\WVWHPV DQG PLFU

f &RPSDULVRQ WR )RUHVW %ODQNV DQG .KDULI
L) RUHVW %ODQNV KDYH VLIJQLILFDQWO\ ORZHU PRLVWXU'
YHIHWDWLRQ ZKLFK SOD\V D FUXFLDO UROH LQ UHWDLC
LLKDULI ODQG SULPDULO\N DIJULFXOWXUDO DOVR VKRZV C
IRUHVWHG DUHDV UHIOHFWLQJ WKH GLITHUHQHM LQ ODC

&DUERQ 6HTXHVWUDWLRQ
DO9HU\ '"HQVH )RUHVW 9")

L +LJK &DUERQ 6WRUDJH 9') VWRUHV WKH PRVW FDUERQ
WUHH GHQVLW\ DQG ELRPDVV /DUJH PDWXUH WODHW VF
WUHHYV

LLPSRUWDQFH IRU &OLPDWH OLWLIJDWLRQ +LIJRIFWMHMERQ V
FKDQJH E\ DEVRUELQJ &2w IURP WKH DWPRVSKHUH

E30DQWDWLRQV
L 6LJQLILFDQW &RQWULEXWLRQ 30DQWDWLRQV D@VR KL
<Uqi HPSKDVL]LQJ WKH UROH RI PDQDJHG IRUHVWYV LQ

2[\JHQ 5HOHDVH
D30ODQWDWLRQV
L +LJK 2[\JHQ 3URGXFWLRQ 30DQWDWLRQV UHOHDVH WKH
KLIJKOLJKWLQJ WKHLU UROH LQ LPSURYLQJ DLU TXDOLW)
FRQWULEXWH WR KLJKHU R[\JHQ RXWSXW
E9HU\ '"HQVH JRUHVW 9') DQG ORGHUDWHO\ '"HQVH )RUHVW
L 6XEVWDQWLDO &RQWULEXWLRQ %RWK 9') DQG 0') DOVR
UHOHDVH GXH WR WKHLU GHQVH WUHH FRYHU DQG KLJK

$JULEXOWXUDO /DQG .KDULI
D/RZHU (FRORJLFDO 9DOXHV
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L &DUERQ 6WRUDJH 0* +Dqgi <Ugqi DQG ORLVWXUH 5HV
FRPSDUHG WR IRUHVWHG DUHDV $JULFXOW X BINOWQHIE V
UHVXOWLQJ LQ UHGXFHG FDUERQ VHTXHVWUDWLRQ DQG

LLPSOLFDWLRQV IRU /DQG ODQDJHPHQW 7KH GDWD VXJJH
SUDFWLFHV WR HQKDQFH FDUERQ VWRUDJH DQG PRLVW)

%DPERR
D8QLTXH (FRORJLFDO 5ROH
LORLVWXUH 5HWHQWLRQ DQG 2[\JHQ 5HOHDVH %BIBERR IF
DWWULEXWHY VWLOO SOD\ D VLIQLILFDQW KRDAFDNVQ IR I
WKHLU HFRORJLFDO LPSRUWDQFH
LISGDSWDELOLW\ %DPERR V DELOLW\ WR JURZ TXLFNO\ D¢
UHVRXUFH IRU HFRV\VWHP VHUYLFHYV SDUWLPRO QRO L C
WKULYH
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7R HYDOXDWH WKH HFRQRPLF YDOXH RI HMWKH)RWHVW {ARV\V'
FRPSUHKHQVLYH HFRQRPLF YDOXDWLRQ IUDPHZWKN PR @HBK
ZRUWK RI YDULRXV HFRV\VWHP VHUYLFHVY SURYLGH&REWMDH]
EDVHG RQ SULFHV GXULQJ '"HF

:DWHU &RQVXPSWLRQ

$FFRUGLQJ WR GDWD IURP WKH *XZDKDWLG6IEAMWWRISR OdR

*0':66% WKH DYHUDJH FRVW LQFXUUHG E\ HDF K XRSXOANH K\

SHU / 7KH WRWDO ZDWHU FRQVXPSWLRQ E\ WKH F
5HVHUYH J)RUHVW 5) LV UHFRUGHG DW
3HU
$ﬁ§ﬂ§ “HWDuc <HDUO' &DsL
7RWD ( : &DSLV ORQH
- = J)DPLC 7RWI 'RPHVW 0ty (AL
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$YHUDJH SHU FDSLWD PRQHWDU\ YDOXH Rl ZDWHU FRQVXP

JRUHVW IRRG (WKOQLF PHGLFLOH 0)3V 6PDOO WLPEHUV %
TR DVFHUWDLQ WKH HFRQRPLF YDOXH RI SURQGKK WY JBRIEHAX
JRUHVW 5) D GHWDLOHG PDUNHW DQDOANYMRZUDWRKRQB XS
FROOHFWHG IURP ORFDO PDUNHWYV LHQWRHMVYVFRIQHWY R ID@A
LOQWR WKH HFRQRPLF G\QDPLFV RI WKH *DUEKDQJD 5) FRPF
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6 XE W
6PDOO /LPEHU

B srPDOO

)LUHZRRG
ORR\

J)LUHZR
%DPERR

%DP I

B &RZ )R

*RDW )

RGGHU

6XE 7F
*UDQG

3HU &DSLWD ORQHWDU\ 9DOX

SHARE OF PROVISIONING SERVICES

FODDER

u Fofest Food w Erhinec Aedicine u MFF Srmall Timber w Firewoed ® Barmban ® Fadder

&DUERQ 6LQN
7KH *DUEKDQJD 5HVHUYH )RUHVW 5) VSDQQL®IRWDO R

0* RI FDUERQ RYHU WKH SDVW \HDUV ERQ WK
VHTXHVWUDWLRQ LV FDOFXODWHG WR EH 0*

8VLQJ WKH FXUUHQW JOREDO FDUBRXLWDDGIQW WRWH RI
&UHGLW 0* WKH YDOXH RI WKH FDUERQ VLQN IRU WKH
7KH HYWLPDWHG YDOXH RI FBUERQ VLQN



@amﬁiaaﬁbn and Valuation cf Forest fcosystem Services at garﬁﬁanga RF 2023-24

6WUDWD :LVH &DUER 6LON DQG 5HVSHFWLYH ORQH

60 6WUDWD|] $YHUOD $YHUD| ORQHW[pU\
1R &DUEF &DUERQ{ O9DOXH|RI
IRU WKH \H &DUERQ IRU
\HD U WKH \HDU
) g .
0* +D _ +D
6FUXE
2SHQ )
ORGHUDWH '
)RU
9HU\ 'HQV
% D P
YRUHVV
30DQ
KD

:DWHU 5HWHQWLRQ
7KH HFRQRPLF YDOXH RI ZDWHU UHWHQWRR QVNIK® DYV ERD QB
KDV EHHQ PHWLFXORXVO\ DVVHVVHG EDXH® R@ BHWI $ U:

GHSDUWPHQW 7KH DQDO\VLV HQFRPSZADWHY BRW R LMK ZD.\
DQG VRLO

:DWHU %RGLHV

/IHDVW 4XDQWLW\ RI ZDWHU UHWDLQHG LQ ZDWHW B R®LHYV
<Uu

(FROQRPLF 9DOXDWLRQ
'‘DWD RQ FRVW SXPSLQJ DQG VWRUDJH RI
SURYLGHG E\ WKH 3+( '"HSDUWPHQW =

ILWUHW RI Z

&RVW

3RZHU

"LVLQIH

ODQSRZ

ODLQWH

/TRWD

D

&RVW /1]

L WUHV

&RVW RI *URXQG :DWHU ([ WUDFWLRQ 7UHDWPHQW DQG 6W

+HQFH ORQHWDU\ 9DOXH RI
<D

:DW HAW BH¥DH QW LR QW U [

/HPSHUDWXUH 5HIJXODWLRQ

7R PDLQWDLQ D WHPSHUDWXUH GLITHUHQFH RI UH® GWHWH
HQHUJ\ FRQVXPSWLRQ UHTXLUHG WR UXQ DQ DLU¥RQGLW
N:K 2YHU WKH VXPPHU PRQWKY HTXLYDOHQW WR KR

FRQVXPSWLRQ IRU WKH DLU YROXPH HIXESBOG HQWLWEWR WKUE
LV FDOFXODWHG WR EH N:K

*LYHQ WKH DYHUDJH FRVW RWKEHVURWDW FRVWIRU WKLV H
N:K 1T_ N:K
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7KHUHIRUH WKH FRVW LQYROYHG LQ P D LHQW¥BLGXQL QKW K
VXPPHU PRQWKY HTXLYDOHQW WR WKH \HDU_ DJDLQV
+D <U

&EXOWXUDO 6HUYLFH

7TRWDO (FRQRPLF ,PSDFW

7KH FXPXODWLYH HFRQRPLF LPSDFW BRF WIKYHWH. HR/U IHRVOWWEKDH!
DPRXQWV WR 7KLY YDOXDWLRQ XQGHUVFRUHV WKH VL.
HFRV\VWHPV WR UHFUHDWLRQDO DQG HGX®G DNHAR@MRL FS XU
WKURXJK WRXULVP DQG UHODWHG DFWLYLWLHV

Average Tomlvalue ODOXH S$HU
Avarage na, of
al. Total Monatary value PET yaar \HDU +D
No. Furposa of wisit Wo. of parsons | days wishad per Mandays A et aaich —
YEar par person T e
1 Advesbyira Quting T8 a5 ¥i55 7135 539375
2 | Phatography and Rird Watching 57 7 1539 T2R5 11712068
3 Picnic CE] 1 e 400 Eyrini]
q e Sturhy Fi) 15 1930 2R TR

+HQFH HFRQRPLF YDOXH RI FXOWXUDO VHUDXLFHV LQ WHUP

6RLO 1 XWULHQW

7KH HFRQRPLF YDOXH RI WKH IRUHVW VRL®&DOWVRHHQUEG K /@1
XVLQJ D PDUNHW EDVHG YDOXDWLRQ DSSUMDRR WKHVSRHW
VLPLODU VRLO W\SHV FXUUHQWDYV ZHDIOO DK AH) LH) &RIRIP HORF
DQDO\WVLQJ WKHVH PDUNHW SULFHV ZH GRHWU MYKIHG \[R SO HAL
*DUEKDQJD 5)

7TRWDO YROXPH RI VRLO FRQVLGHULQJ FP GHSWK DJDLQ'
& XP
ODUNHW SULFH RI IRUHVW VRLO LV & XP

+HQFH HFRQRPLF YDOXH RI IRUHVW VRLO

9ROXPH RI 6RLO&XP +D
ODUNHW 3ULFH RI 6RLGD

SHOHDVH RI 2[\JHQ

7RWDO 2[\JHQ UHOHDVHG ESRAUHHWH 3 DEXU+ QJ \HDUV /WU
2[\JHQ UHOHDVHG E\ 7TUHHYV GXULQJ /WU

2[\JHQ UHOHDVHG 6X0Oug8vV +D /WU +D

ODUNHW SULFH RI UHILOO RI 2[\JHQ LV _ /WU
7TKHUHIRUH HFRQRPLF YDOXH RI 2[\JHQ UHOHDVHG GXULQJ
(FRQRPLF 9DOXH RI 2[\JHQ UHOHDVHG GXULQJ<U
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6WUDWD ZLVH ORQHWDU\ 9DOXH RIWNBDHHFRMWME OBV GHEJHQRA V

W [+ 3 L L3 FTHRST BLAMES WHATIF FLANTATION LB Eax] ATTRIEAITER
iF] ik B2 ik ] ikeg [HE 0% Wi B e
. 1% Fil ] ¥ E | £3 S TREE WO, PER PLOT
£t ] 3800 1400 R 1 1 FLii] 3 ARER ALECTTES iHa
4 L] M S 1 | i i B, OF RAMIMUE POAWT
=0 141 21 oot 1 ] 13 ENTRAPOLATIE ML F TRITS b '
F0 AL E.AH da 1458 L (N WS ARTA ' Ba®
13,801 [ Bal 14,500 TR LIRS T 11550 BN LR HT e
7. r i LI 273 B0 0] ) e 148 o1 TREE CARB b ' ve
AT E ARSIl EECRE R 1045 140 246 LLT AL e oo L e LK RO AAERETUS | RITENTION Lir s vy
B3, 755 795 163 ] 14 233 Pl [ HIET] 52700 ST] W AR TRR ALTINTIDN Loy b ¥
1ER43 BLELE 153 MG BT % 365 i B 1H CRCParn BACNS TURE RETORTION Lar i ¥y
34 5eF LI 12554 CEF FLET EPLTe] 1% 118 [EL] AETHINE BACRARAT LTI | (R Ly e !
1M LIEE ERert] 5] pETE] EpEl L [ELT] NEASANTION AN MOISTURT SR My~ =
£135% 3% 15000 (K03 165 phh FET (AT TE] 1133 ¥ 15331331 53555 ¥IE 15855 E56 ORE BACELTIRE I Ha et
1153 TSa 80T | 25 TRANL I SOA2 3T EIE £ IRA1 43T 1] JEF 333 12 BT 53050 A5 1 50 P L LR DYGER RELEASED B 15 Ha e

A0, 5, L TI0LEE R 26 0, kT T

L 50, 17,08, 047, 07 VI VIR 35 R4S, FD OL TR BT UIED A LT, e

(&2120,& $1$/<6,6 21 )25(67 (&26<67(0 6(59,&(6 $1' B7$7( *

'‘"HWDLOHG $QDO\VLV RI )RUHVW &DWHJIJRULHYVY DQG (FRQRP

D6FUXE JRUHVW 6)

(FRORJLFDO 5ROH 6FUXE IRUHVWY DUH W\SIDFPOXELR® Q
LQ ELRGLYHUVLW\ FRQVHUYDWLRQ 7KH\ VX$IYRD®/DB WH
GU\ FRQGLWLRQV FRQWULEXWLQJ WR UHJLRQDO HFROR
(FRQRPLF $FWLYLWLHV (FRQRPLF DFWWK\WW BV/ILGINVEIOQ KFDUD

PHGLFLQDO SODQWVY FROOHFWLRQ Rl QRQDWIGP WIDQ QR QK
JUD]LQJ ODQGV IRU OLYHVWRFN 7KHVRFDPWALRRRLGIMNSE
JHQHUDWH LQFRPH WKURXJK VPDOO VFDOH HQWHUSULV]

2SHQ )RUHVW 2) _
(FRORJLFDO 5ROH 2SHQ IRUHVWYV KDYH FURR UR UGHHYW\O E

OHVV GHQVH FRPSDUHG WR GHQVH IRUHVWYV 7IKHR O/H3ILYQ
JDPH VSHFLHVY DQG PLJUDWRU\ ELUGY FRQWULEXWLQJ V
(FROQRPLF $FWLYLWLHV (FRQRPLF DFWLYWXWMWDNL QO ERF

KDUYHVWLQJ FROOHFWLRQ RI QRQ WLPEHU IRUHVW SUF
DQG HFR WRXULVP YHQWXUHV 7KHVH DFWLYS®WRMHPVH @ WS
RSSRUWXQLWLHY DQG SURPRWH FRQVHUYDWLRQ RULHQ

OHGLXP 'HQVH RUHVW 0')
(FRORJLFDO 5ROH OHGLXP GHQVH IRUHVW\W &8 YWXBSRR

GLYHUVH IORUD DQG IDXQD 7KH\ SOD\ DHRW WYRDO HWR
FRQWURO DQG FDUERQ VHTXHVWUDWLRQ FRQWULEXWL
(FRORPLF $FWLYLWLHY (FRQRPLF DBWE®DHMH®MEHQY KPW

KLIJIK YDOXH KDUGZRRGV HFR WRXULVP GHYHORDPHOQW
DQG FRQVHUYDWLRQ SURJUDPV DLPHG DWFRMVWHPLVQ J |
DFWLYLWLHYVY JHQHUDWH UHYHQXH FUNBWWRMREWQQ® §
VXVWDLQDEOH IRUHVW PDQDJHPHQW SUDFWLFHV
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GO9HU\ '"HQVH )RUHVW 9')

(FRORJLFDO 5ROH 9HU\ GHQVH IRUHVWY KDMHVDRVGHREH

FULWLFDO IRU PDLQWDLQLQJ HFRORJLFDOJHDBG QWSH FL
UHJXODWH ORFDO FOLPDWH DQG VXSSRUW QXWULHQW I
(FRORPLF $FWLYLWLHV (FRQRPLF DFVEOYWLWLRY¥ HQ KOD)WY|

UDUH DQG YDOXDEOH KDUGZRRGV ZLOGOLIHVBEDNMHIGY WRC
UHVHDUFK LQLWLDWLYHV LQ IRUHVW HFRQRIN\HINVQBR QR
VLIQLILFDQWO\ WR WKH HFRQRP\ WKURXJK UHYHQXH IUF

JRUHVW %ODQNV
(FRORJLFDO DQOG (FRQRPLF 3RWHQWLDO )RUMHNWR E®DW

UHJHQHUDWLRQ PL[HG ODQG XVH JRQHINV KD WHUSRW H\Y L
UHVWRUDWLRQ SURMHFWYV DJURIRUHVWU\ LQLWNWWLYH
(FROQRPLF $FWLYLWLHV (FRQRPLF DFWLRQWH HVH ILRU HR \

SURJUDPV VXVWDLQDEOH DJULFXOW XU HR3JUHD/FRWAUL FH QWK
DQG HFRV\VWHP UHVWRUDWLRQ SURMHFWY IXQGHG WKU
UHVSRQVLELOLW\ LQLWLDWLYHV

3ODQWDWLRQ _
(FRORJLFDO 5ROH 30DQWDWLRQ IRUHVWY DQ@ RXWMQ LI

IDVW JURZLQJ VSHFLHV IRU WLPEHU SURGXFWLRQ SXOS
(FROQRPLF $FWLYLWLHYV (FRQRPLF DFRXA\GH LWQMWHQNVQYHODK

SUDFWLFHVY WLPEHU KDUYHVWLQJ IRU LQGXVWULDKWXV I
SURMHFWY 7KHVH DFWLYLWLHYV VXSSRQWLWKH R3J KDWY
RSHUDWLRQV DQG FRQWULEXWH WR LQGXVWULDO VXSS

%DPERR _
(FRORJLFDO DQG (FRQRPLF ,PSRUWDQFH %DPHERRRIRU

FRQVWUXFWLRQ KDQGLFUDIWV SDSHU PDNLQJ DQG VX!
(FRQRPLF $FWLYLWLHV (FRQRPLF DFWLYLWIGINQWD WL

PDQDIJHPHQW EDPERR KDUYHVWLQJ IRU KDQGLFUDIWYV
KDUYHVWLQJ SUDFWLFHV WKDW VXSSRUW WXWVDNDOQRDHOD
%DPERR IRUHVWY DOVR SOD\ D UROH LQ VRIVH FRIQWW U I ID
HQKDQFLQJ WKHLU HFRORJLFDO DQG HFRQRPLF YDOXH

3ROLF\ ,PSOLFDWLRQV DQG 6WUDWHJILF '"HYHORSPHQW

D

6XVWDLOQDEOH )RUHVW ODQDJHPHQWO B FSQIDAHW IVF ¥ K R B
HFRQRPLF GHYHORSPHQW ZLWK HQYLURQPHQWRP®RWRQ\
FHUWLILHG IRUHVWU\ SUDFWLFHV UHYGVRQKQDBHJUEGR
FRQVHUYDWLRQ PHDVXUHYV

(QKDQFLQJ ODUNHW $FFHVV )DFLOLWDWVY QS WRRRWIW O

DGGHG SURFHVVLQJ LQGXVWULHY DQG VXSY¥XWYWIDQD F8
VRXUFLQJ SUDFWLFHYV

&RPPXQLW\ (QJDJHPHQW DQG /LYHOLKRRGV ,QWRIXWAH) J

PDOQDJHPHQW LQLWLDWLYHV HQKDQFLQJVXNMHD/LQ B/ROW !
PDQDJHPHQW SUDFWLFHV DQG SURPRW LH & HDOHNHEHIIFW
XQVXVWDLQDEOH IRUHVW SUDFWLFHYV
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6RFLR HFRQRPLF ,PSDFW DQG )XWXUH 'LUHFWLRQV
D5XUDO 'HYHORSPHQW )RUHVW UHODWHG DFWRUYLWXUHDC
FRPPXQLWLHYV FRQWULEXWLQJ WR SRYHUW\ DOOHYLDWI

E&OLPDWH 5HVLOLHQFH (QKDQFLQJ WRHWLRO W IRR Q R/ \D
VWUDWHILHY WKURXJK FDUERQ VHTXHVW UDWFLHR B X LZDGN
PHDVXUHV

F,QFOXVLYH *URZWK (QVXULQJ WKDW HFRHM DUFH EHHTOXHIN
GLVWULEXWHG DPRQJ ORFDO FRPPXQLWLHV LQGLJHQ
SURPRWLQJ LQFOXVLYH JURZWK DQG VXVWDLQDEOH GHY

, QWHJUDWLRQ LQWR 6WDWH *'3

DORQHWDU\ 9DOXDWLRQ

7KH HFRQRPLF YDOXHV RI WKHVH HFRVKWWHFRGVHHFWFBI C
FRQWULEXWLRQV WR WKH HFRQRP\ )RU LQVWRQHM L FHC
XVLQJ FDUERQ WUDGLQJ PDUNHWY ZDWHU UHW HEKRNVNMR (
VDYLQJV DQG VRLO PRLVWXUH V LPSDFW RQBDDVHEBXPWW
\LHOGV

E$JJUHJDWLRQ DQG ,QFOXVLRQ
7KH WRWDO HFRQRPLF FRQWULEXWLRQ RDWHGE \EN PIXQ W\
WKH SHU KHFWDUH YDOXHV E\ WKH WRMWDBIODWHIGVY\D DX H K
LQFOXGHG LQ WKH 6WDWH *'3 SURYLGLQJ DVRRWDWRRS
WKH VWDWH V HFRQRPLF KHDOWK DQG HQYLURQPHQWDC

7KH SURYLGHG GDWD XQGHUVFRUHV WKH VLEQRM\NDVHP NHRY
WKH VWDWH %\ YDOXLQJ WKHVH VHUWDWHHV*BQ & RQMFNB D NWWU
DSSUHFLDWH WKH IRUHVWY UROH LQ VX®SRUWILWY KRXIH WER
SURPRWHYV VXVWDLQDEOH IRUHVW PDQDJHRIKQWQ HH) DIUDR QRN ¥
FKDQJH XOWLPDWHO\ HQKDQFLQJ WKH VWDWH V HFRQRPLF C

STRATA WISE MONETARY VALUE Ha™ ¥r®
{Eavkan, Modnee 8 Duygen)

PFLANTATEON
T1,62,04, 13 864 45 B B0 T2 45, 37 37571
KHARIF ©85 701 234.%7

OF
TR0, TE B0 37T

FOREST BLANKS
T1RAS 42,8224

BADF 1, TR0 AT 51,03

VIOF TLE0 0T 05 043 11
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<
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7KH GHWDLOHG PRQHWDU\ YDOXDWLRQJRI 3HARMI Y WGE B RAAHHUL ¥
WKH PXOWLIDFHWHG EHQHILWY WKHVH FROHRWPWEF DURGY IODH G
SHUVSHFWLYHV

6FLHQWLILF SHUVSHFWLYH

7KH VLIQLILFDQW YDOXDWLRQ RI ZDWHU FRQVXKRSIWLRQ DW _
KLIKOLJKWY WKH IRUHVW V UROH LQ PDLQWDLQLQ®D WKH K\GL
ELRGLYHUVLW\ DQG ZDWHU TXDOLW\ 7KH YDOXDWkKBQ RI ZDW
IXUWKHU HPSKDVL]HV WKH IRUHVW V DELOLW\ WR SIURIYHQW |
IRUHVWY LQ UHJXODWLQJ WHPSHUDWXUH LV XQWHKUWFRHHQO E
VHUYLFHV DW _ <U UHIOHDFWLQJ WKHLU FULWLFDO IXQFWLF
DQG PDLQWDLQLQJ ORFDO FOLPDWH VWDELOLWMDMHDHYWUD F
_ +<WJKLIKOLIKWYV WKH LPPHQVH FRQWULEXWLRQ |
FDUERQ VHTXHVWUDWLRQ YLWDO IRU VXVWDLQLQJ OLIH DQG

(FRQRPLF 3HUVSHFWLYH
7KH SURYLVLRQLQJ VHUYLFHV VXKK DMWRQHVVWHBRBEL GH _  +
PLQRU IRUHVW SURGXFWV 0)3 DQG QRQ WLPEHUHRBERR
FRQVXPSWLRQ <U IREGBHU _ <U ¥PDOO WLPEHWU DQG+D
ILUHZRRG _ <U +DOXVWUDWH WKH GLUHFW HFRQRPLF EHQ
7KHVH YDOXHV UHIOHFW WKH IRDBVIR RGAD B/XBLWW VYWRS BUR/YQ
HFRQRPLHV FRQWULEXWLQJ WR IRRG VHFXUWLWDOKPNQAWREF®
VHUYLFHV DW _ <U VLJERILHY WKH QRQ PDWHULDO EHQHIL!

UHFUHDWLRQDO VSLULWXDO DQG DHVWKHWIRFFYBYBRIDVZ ZE ILO

/IDQG 9DOXDWLRQ 3HUVSHFWLYH

7KH KLJK YDOXH DWWULEXWHG WR VRLO<QXWIQLH QMW UNMKAHH B W)
RI IRUHVWY LQ PDLQWDLQLQJ VRLO IHUWL ®DAQ IDQUG DSUHKF
SURGXFWLYLW\ LQ VXUURXQGLQJ DUHDV 7KLXVWDLQLFEHL @ M\
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DJULFXOWXUDO RXWSXW 7KH FRPSDUDWHKMN H RUH\OM \R IH JMKH
HFRV\VWHP VWDELOLW\ HFRQRPLF VXKW HQXD@FH DIDQ GHEYLF
B +XU UHIOHFW WKH LQWULQVLF DQG QRQ PDWHULDO E
2YHUDOO WKH FRPSUHKHQVLYH YDOXDW L RDQ URIE WKW VIK DHFFHRZ
UHFRJQL]LQJ WKH WUXH HFRQRPLF ZRUWK RI |RXUGMW M DHFFHRV
FRQWULEXWLRQV WKLV DQDO\VLV XQGHUVWFRRWU MW HWPK M HUK E A
QDWLRQDO DQG VWDWH OHYHO *'3 FDQFAX®D® WXRQYDLEDQERH LRX
IXWXUH JHQHUDWLRQV

6FDOH &RPSDULVRQ
7KH YDOXHV SURYLGHG YDU\ VLIQLILFDQWHOR GHKNHYWRHWKAR QN
WKHLU HFRQRPLF LPSDFWYV

+LJK 9DOXH 6HUYLFHV O6HUYLFHV OLNHHMIPQWUR®Y XG5 6IR KX
S5SHWHQWLRQ VKRZ H[FHSWLRQDOO\ KLJK WXCG$SRVUWILH WRUL
SURGXFWLYLW\ UHGXFLQJ HQHUJ\ FRVWY DQG HQKDQFLQJ H

ORGHUDWH 9DOXH 6HUYLFHYVY O6HUYLFHV OLNHXDWD/G Wb KERQAVHHP
PRGHUDWH YDOXHV UHIOHFWLQJ WKHLAHO®L 8 H E @/JDQIE5 LEXGLW X

IRZ 9DOXH 6HUYLFHV 6HUYLFHV VXFK DXL®ARDQPSRIUNVEBQWD C
UHODWLYHO\ OHVV WR WKH RYHUDOO HFRQRPLF YDOXH FRPS

5HDVRQLQJ IRU 6FDOH
7KH VFDOH Rl WKHVH YDOXHV LV GHWHUPLQHG E\ VHYHUDO 1
'HPDQG DQG 6XSSO\ (FRQRPLF YDOXH UHIOBBWVWW KHUGWPD
DEXQGDQFH

BXEVWLWXWH &RVWYV 9DOXHV RIWHQ FR QV IWKHHY BV K H IFROVAM Y
RU VLPXODWHG E\ KXPDQ PDGH DOWHUQDWLYHV
(OYLURQPHQWDO ,PSDFW 7KH HFRORJLFDO FROW UIHRWHROM
HFRQRPLF YDOXH HVSHFLDOO\ LQ WHUPV RI ULVN PLWLJDWL

(FRQRPLF YDOXH RI' S F SHU \HDU SURYLVLRQLQJ VHUYLFHYV
,Q VXPPDU\ WKHVH YDOXHV XQGHUVFRUH RQK/HRR XI@WHMNFW V
FRQYHQWLRQDO WLPEHU H[WUDFWLRWOX VRALD KQ L QK WKLXPID §/ KZHHLC
HQYLURQPHQWDO KHDOWK

,Q HFRQRPLF WHUPV WKH YDOXHV SURWKB HG BHULFDSMW B RO
IRUHVWY WR KXPDQ ZHOIDUH DQG HFRQRPLF DEW LWHNDH FW W |
YDOXH RI IRUHVWYV LQ UHJXODWLQJ ZDWHODREE®HV\ DBGX AIQE
GRPHVWLF DQG LQGXVWULDO XVH WKHUHE\SXHG XFLDQN LRI UY
B S F QG HWKQLF PHGLFLQKQGHUVFBUMH MWKH IRUHVW
QXWULWLRQDO GLYHUVLW\ DQG PHGLFLQ DIOQ G HS/MARXH G MAL D BRX
KHDOWKFDUH H[SHQGLWXUHV OLQRU )RUHVW 3UR/GXIFH3 0)3
B S F £QFOXGH D UDQJH Rl SURGXFWV OLNH UHVRQV I
HFRQRPLHV WKURXJK HPSOR\PHQW DQG WUDGH RSSRUWXQL\
UHIOHFWV LWV YHUVDWLOH XVH LQ BREXWLUXF W RRIQF FQRR W
DQG VXVWDLQDEOH GHYHORSPHQW FRGXEHDO IRU OLYS$ VFWRIF N
UXUDO OLYHOLKRRGY DQG DJULFXOWXUH QZKLIOHHYRRGO WLP
<U SURYLGH HVVHQWLDO PDWHULDOV IRU FRQVWUXFWURQ K
FRVWY DQG HQKDQFLQJ UHVLOLHQFH DJDLQVW IXHO SULFH IC
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WATER CONSUMPTION p/c CAPITA Yr* £7,199.81
FOREST FOOD p/c¥r* %5,289.29

ETHNIC MEDICINE p/c Yr %1,548.48

MFP & NTFP p/c Yr™ %2,782.74
BAMBOO CONSUMPTION p/c Yr %4,067.28
FODDER p/c Yr* %31,561.68

SMALL TIMBER p/c Yr' £126.54
FIREWOOD p/c Yr %2,639.28

TOTAL MONETARY VALUE p/c ¥r* %56,215.10

JURP D VRFLDO SHUVSHFWLYH WKHVW MOUGXHWYKSURE L GKHWWR
SDUWLFXODUO\ LQ UXUDO DQG LQGLJHYKS'SEFRWYW M[WD/G I$WE R
DQG FXOWXUDO SUDFWLFHV IRVWHULQJ KRBLIWO JFHR KIHRULHRR)
DYDLODELOLW)\ RI IRUHVW SURGXFWYV OLNH XRR® \ PKIGDL 6 WXHR .
DQG UHVLOLHQFH WR HFRQRPLF VKRFENV WHKHUHE\L S/ FPRWLIC
PDUJLQDOL]HG SRSXODWLRQV 6XVWDLQDEBUKURDQWKHRKHQ R
DYDLODELOLW\ FRQWULEXWLQJ WR ORQULWMBBR DBELRUW WD
DQG HFRQRPLF FKDQJHV 2YHUDOO WKWHHFRORPBEWR ¢¥ V&XH
WKH FULWLFDO LPSRUWDQFH RI IRUHVWYV QXRW RQMEIRH GIHF R
DQG VRFLHWDO ZHOO EHLQJ

PER CAPITA (p/c) PROVISIONING SERVICES
BAMBOC

COMNSUMPTION
%4,067.28
MFP & NTFP il
I 231,561
ehingild 31,561.68

ETHNIC MEDHCINE
T1.548.48

e

FOREST FOOD
RG,289.29

WATER
COMSUMPTION
Er.190.81
FIREWODD -____————._______
%2,639,28 SMALL TIMBER

T1de.54

7TKH PRQHWDU\ YDOXDWLRQ RI IRUHVW HFRYRWANR VB YLMVF RV
LOQFRUSRUDWLQJ WKHVH YLWDO QDWXWUBOOB¥WHWY W&WIRU WHW
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FROQWULEXWLRQ 6HUYLFHV VXFK DV FDURR® VHIXBDWURQ LR
UHOHDVH SURYLGH VXEVWDQWLDO HFRQRPLF ERXG®GDVUL HVK
LQVWDQFH *DUEKDQJD 5) V GHQVH YHJBERIQN VR @ XS @ BAWD B LS
FRQWULEXWLQJ WR FOLPDWH FKDQJH FILW RITPMICRADD D QFAJ HG K |
UHWHQWLRQ VHUYLFHV UHGXFH WKH QWHEFURUUKR\ZW OO0 HD
PDLQWHQDQFH VXSSRUWYVY DJULFXOWXUDO SUR GXFAW EOLKRR
)XUWKHUPRUH R[\JHQ UHOHDVH DQG DLU TX@®\OQDW H ALSQURR P
SXEOLF KHDOWK EHQHILWY UHGXFLQJ KHDOW %k DX §W Y WVQL
LQWHJUDWLQJ WKHVH HFRV\VWHP VHUYLMF AY QL @O R HWLKMH RUWNFCH
WKDW UHFRJQL]JH WKH IXO0O HFRQRPLF YDB)X3HRHORSHPHOW 0\
HQKDQFHG HQYLURQPHQWDO FRQVHUYDWLRQ HIIRUWY DQG I

ORUHRYHU WKHUH LV D VLJQLILFDQW VFRBHQI\RDLDXD®QMQR
TXDQWXP RI IRUHVW HFRV\WWHP VHUYLFHV HYWDDEKDWY JO %
,QYHVWLQJ LQ IRUHVW PDQDJHPHQW DQGHFRWVYHUQNYWURQJF
HFRORJLFDO EDODQFH DQG HFRQRPLF SURVSHWDMWULR ¢ QXUDR!
VXVWDLQDEOH KDUYHVWLQJ SUDFWLFHVY DGGRBRPPXQLWKH
LQFUHDVLQJ WKH IRUHVW V FDSDFLWHWR78UR YOLSSHJ RD EW LR
ZLWK JOREDO VXVWDLQDEOH GHYHORSPHQW IRD 6'Q YELWR DR
VWHZDUGVKLS HFRQRPLF GHYHORSPHQW DIGOWREBIMDLCR @ HRO O
WRZDUGY WKH SUHVHUYDWLRQ DQG HQKDQRHFHQW RIKRDE W
VXVWDLQDEOH IXWXUH IRU LWV FLWHDIBOV Z& LD BRYWWY R (
JRYHUQDQFH

$GGLWLRQDOO\ WKH DVSHFW RI FDUERQ WUDWKBU SXUGIGWQR
DFWLYLWLHV 3XEOLF 6HFWRU 8QGHUW HQL®IWHG3 6V F DDER G
LQLWLDWLYHV XQGHU WKH SXUYLHZ RI &DUERQ L&QUHIGMV LU BEL
FUHGLWY JHQHUDWHG E\ WKH IRUHVW KLNDQREWQR QDT XHNRAYUL L
VWUHDP IRU FRQVHUYDWLRQ DFW LMW WRY PEHXHW D/OR/HRL D CFORF
UHVSRQVLELOLW\ &65 JRDOV DQG UHJXODWR UL QUHD XPLOJHNPHHWY
FDUERQ FUHGLWV $VVDP FDQ DWWUD F\§ DWLR)Q DLCF D/ LLQDX
VWDNHKROGHUV IXUWKHU HQKDQFLQJ LWYDEIORUGHY HQRBPH
VWUDWHJI\ QRW RQO\ HQVXUHV WKH ILGQPD gHRULQFWXVRXOW QDEV
$VVDP DV D OHDGHU LQ LQQRYDWLYH FOLPDWH ILQDQFH DQG

1(7 $66(7 9$/8(

$VVHVVLQJ WKH QHW DVVHW YDOXAHVL$M 6R K DR/UENMQHG IR N P\H\E
GHWHUPLQLQJ WKHLU HFRQRPLF YDOXH *IIRWE KO PO R VAHR\QH U@ H
5) KDG SURYLGHG VLJQLILFDQW )(6 ZKLFK KD G EFHDHDF XQ B W E
7R DFFXUDWHO\ UHIOHFW WKHLU FRQW UWEWAIRLE KW KQH D+ 5 R \K\
GHWHUPLQHG 7KLV YDOXDWLRQ KDG WEVFRPSIKVDMG YDER QR XM
ZDWHU UHWHQWLRQ VRLO QXWULHQW UHWHOQWRR®HULYGE B
HFRQRPLF YDOXH WKH 1$9 KDG EHHQ FH[GF)XQWGRLWNXG H\ B R BW
FRVWV 7KHVH FRVWVY KDG LQFOXGHG LQIUDW WD FMWXHY QRH Y
VWDII WLPEHU VDOYDJH RSHUDWLRQV DS\OLIRGW D\Y GRQHN F\D U¥
%\ DFFRXQWLQJ IRU WKHVH H[SHQGLWXUHV WWBD\WQHW FRQQR
EHHQ DFFXUDWHO\ DVVHVVHG 7KLV SUKMFEHGHWKIHO K DMWY RED R |
)(6 DV DQ DGGLWLRQDO HFRQRPLF UHVRXUFH BEXW QMDHs WO/ R
'3 QFOXGLQJ )(6 LQ HFRQRPLF DVVHRFSHBKMYQK DGHI K\ H U
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QDWXUDO DVVHWYV DQG WKHLU VXVWD LIDLEI@HH & YQ VK- B A @ BL
LQFRUSRUDWLQJ HQYLURQPHQWDO YDOXHV LQWRVMARQ@IOAELRC
DQG HQVXULQJ WKDW QDWXUDO FDSLW D Q KID/GDESHHIR B B KD G
SROLF\PDNHUV ZLWK UREXVW GDWD WR PDWH P DQIRIHPH® VG
FRQVHUYDWLRQ VWUDWHJILHV %\ UHFRJQLE QD YW\HNVRAR®R P
FRQVHUYDWLRQ DQG VXVWDLQDEOH SUDF@WHEHEXMIL® JEMWHQ
HFRQRPLF JURZWK DQG HQYLURQPHQWDO ZHORGHEKLIQ) 6 7LKQ '
FDOFXODWLRQV KDG PDUNHG D SURJUHVVLYH VWHS LQ YDOX

7KH *URVYV $VVHW 9DOXH RI *DUEKDQJD 5) DUH IXUQLVKHG DV

60 1 JRUHVW (6 ORQHWDU\ 9D(
*URVV $VVHW 9DOXH *$9 +D
SURYLVLRQL ) + <
5HIXODWL( ) + <

& XOWXUD _ + <

6 XSSRUWL(C ) + <

$ 7RWDO _ <U +D

/ILDELOLWLHYV DQG ([SHQGLWXUH
6DODU\ _ + <
,QIUDV\ + <

&UHDWLRQ DQG PDLQWHQDQFH R4DU
SODQWDWLRQ L

$PHQLWLHV WR ) + <
SURWHFWL ] + <
7LPEHU GUCL ] + <
5HVH ] + <

% 7RWDO B <U| +D
& 1HW $VVHW 9DOXH | <D

+LJK &RQWULEXWLRQ RI 5HIXODWLQJ 6HUYLFHYV

5HJXODWLQJ VHUYLFHV IRUP WKH ODUJHVW SDUWKR N WK HOLN
GXH WR WKH IRUHVW V VLJQLILFDQW UJR®DH W QRED UER® ATHW K
*LYHQ WKH KLOO\ WRSRJUDSK\ RI *DUEK D QHWDVHOWMID/ GR)R B B
HQYLURQPHQWDO VWDELOLW\ DQG SUHYHQWLQJ QDWXUDO Gl

ORGHVW &RQWULEXWLRQ RI 3URYLVLRQLQV &XOWXUDO DQG
3URYLVLRQLQJ VHUYLFHVY FXOWXUDO VHUNRFSDUDWGYWOS SR
*$9 3URYLVLRQLQJ VHUYLFHV ZKLFK LQFOXGH G\(D QUILLFERHH \B
EDPERR DUH YDOXHG BW &XOWXUBD VHUYLFHV VXFK DV W
DFWLYLWLHV FRQWUWUEBMIBRUWLQH*BHUYLFHY HVVHQWLDO |
VRLO QXWULHQW UHWHQWLRQU DHVGSLWH WKHLU ®BRZHU PRQF
VHUYLFHV DUH FUXFLDO IRU ORFDO FRPPXQLWLHYV DQG ELRG

(ISHQGLWXUH %UHDNGRZQ

7KH WRWDO H[SHQGLWXUH IRU PDLQWDLQLQJGNKHX URIU HW W/ KK
RI VWDII DW _ LQGLFDWLQJ WKH LPSRUWDBQ@MH BLXXPD
DPRXQWY DUH DOVR DOORFDWHG WR WRRM FLUHDWY RQ YORMGX P BiL
PHDVXUHV UHIOHFWLQJ RQJRLQJ HIIRUWV WR VXVWDLQ DQG
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+LJK 1HW $VVHW 9DOXH 1%$9

7KH 1$9 VWDQGV DW <O LQGLFDWLQJ WKH VXEVWDQWLDO
*DUEKDQJD 5HVHUYHG )RUHVW DIWHU DFFRXQWLQ/J KRIK OlLf
XQGHUVFRUHV WKH IRUHVW V SRWHQWLDOGFRRERQWUIGEXWLR®
DVVHVVPHQWY W KLJKOLJKWV WKH HYH @/RILGL MPLSRRADADEDQ FEHH
RU LIQRUHG

5HDVRQV IRU +LJK 1%$9

(FRORJLFDO 6LJQLILFDQFH 7KH *DUEKDQUW\5BIQ8UTHGVIRUYH
FRQWULEXWH WR LWV KLJK UHJXODWLQJ DQGWAXW & RWUIN XV W
UHIJXODWH ZDWHU F\FOHV DQG PDLQWDLQ D/IRLODE LFOUWAO LW\ |

7/RSRIJUDSKLFDO ,QIOXHQFH 7KH IRUHWWNPKYBOY LMWFHUYDOQRH
VORSHVY DQG YDULHG HOHYDWLRQ LQRUHDVHRWIKRHQOLPEBRWWR C
UHIJXODWLRQ VHUYLFHV

&RPSUHKHQVLYH ODQDJHPHQW 7KH H[SHQGLWKK HWR L QRSWIF
PDQDJHPHQW LQFOXGLQJ VWDIILQJ LQIUDVWRRBSWKHKHQ\SLL
PDQDJHPHQW VWUDWHJ\ KHOSV PDLQWDL QI QWKHI LI Q@ U HWKAH VF R
SURYLVLRQ RI YDOXDEOH HFRV\VWHP VHUYLFHV

,Q FRQFOXVLRQ WKH *DUEKDQJD 5HVHW\HGWR UFRU\LWY \MVF b R EWR
HVVHQWLDO HFRV\VWHP VHUYLFHFRSRHKWAD ® B B X0 W DFQ X®ISED )
FDOFXODWLRQV UHFRJQL]LQJ WKHP DV YDOXDEOH HFRQRPLF

&203%$5,621 :,7+ 35(9,286 678"',(6
6XPPDU\ 4XDOLWDWLYH &RPSDULVRQ RI )RUHVW (FRV\VWHP 6
$ 3UHYLRXV ([HUFLVHV
"HVWHUQ *KDWV %LRGLYHUVLW\ +RWVSRW
1XPEHU RI (6 &RQVLGHUHG OXOWLSOH (6 HQBE&XXQDQW LA
FRQVHUYDWLRQ DQG FDUERQ VHTXHVWUDWLRQ
OHWKRGRORJ\ +ROLVWLF HFRVA\VWHP DSSURDFKOHP B KRDHV & DL\
8VH RI ORGHUQ 7HFKQRORJ\ /LPLWHG PHQWL R GIRF O RQL
VWXGLHV

6XQGDUEDQV ODQJURYH )RUHVWYV

1XPEHU RI (6 &RQVLGHUHG &RDVWDO SURWHFPWELISRQY WF DL
OLYHOLKRRGYV

OHWKRGRORJ\ &DVH VWXGLHV RQ QDWXUDO EDUULHU IXQF

8VH RI ORGHUQ 7THFKQRORJ\ (PSKDVLV RQ WUBBOQWWREDUH

REVHUYDWLRQV

"HVWHUQ +LPDOD\DQ 5HJLRQ

1XPEHU RI (6 &RQVLGHUHG :DWHU SURYLVLRQLQJ FDUERQ
OHWKRGRORJ\ (PSKDVLV RQ ZDWHU VRXUFHV DQG WRXULVE
8VH Rl ORGHUQ 7HFKQRORJ\ 7UDGLWLRQDO PWWRK®GV ZLWHK

$JURIRUHVWU\ LQ $QGKUD 3UDGHVK

1XPEHU Rl (6 &RQVLGHUHG 6RLO |HUW LHIYDO\DVEDRER GLRE
FRQVHUYDWLRQ

OHWKRGRORJ\ ,QWHJUDWLRQ RI DJURIRUHVWU\ SUDFWLFH\
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%

8VH RI ORGHUQ 7THFKQRORJ\ &RPPXQLW\ EDVHG SUDFWLFH\

SUEDQ *UHHQ 6SDFHV LQ %HQJDOXUX

1XPEHU RI (6 &RQVLGHUHG +HDW LVODQG PLWL ZIHWIOR BH IDQ
OHWKRGRORJ\ (YDOXDWLRQ RI XUEDQ SDUNV DQG JDUGHQ\
8VH RI ORGHUQ 7HFKQRORJ\ /LPLWHG UHOLDQFH RQ GLUHI

.D]LUDQJD 1DWLRQDO 3DUN

1XPEHU Rl (6 &RQVLGHUHG +DELWDW SUHVHWY DWMIRQD EL
FXOWXUDO YDOXHV
OHWKRGRORJ\ )RFXV RQ ZLOGOLIH FRQVHUYDWLRQ DQG VX
8VH RI ORGHUQ 7HFKQRORJ\ 7UDGLWLRQDOGFRMFKQRDDWR L
DSSOLFDWLRQ

%UDKPDSXWUD 5LYHU %DVLQ

1XPEHU RI (6 &RQVLGHUHG :DWHU SURYLVLRQLWJUHWMHQWD
ILVKHU\ VXSSRUW

OHWKRGRORJ\ &DVH VWXGLHV RQ ZDWHU PDQDJHPHQW DQC
8VH RI ORGHUQ 7THFKQRORJ\ 7UDGLWLRQDO ZDWHU PDQDJH

$VVDP 7HD 30DQWDWLRQV

1XPEHU RI (6 &RQVLGHUHG 6RLO FRQVHUYDW LR QHFAROQERJ
OLYHOLKRRGV

OHWKRGRORJ\ )RFXV RQ VXVWDLQDEOH WHD IDUPLQJ SUDF
8VH Rl ORGHUQ 7HFKQRORJ\ 7UDGLWLRQD OQ DIEWH. @D QIMIFHE
SUDFWLFHV

ODQDYV 1DWLRQDO 3DUN

1XPEHU RI (6 &RQVLGHUHG +DELWDW SUHVHWY WDWIOIRQD WL
FXOWXUDO YDOXHV

OHWKRGRORJ\ (PSKDVLV RQ FRQVHUYDWLRQ RI HQGDQJHU'
8VH RI ORGHUQ 7THFKQRORJ\ 7UDGLWLRQDO PHWKRGV ZLWK

&RPPXQLW\ )RUHVW ODQDJHPHQW LQ $VVDP
1XPEHU RI (6 &RQVLGHUHG &DUERQ VHTXHVW U DSMWIRR/QH FEW RF
OLYHOLKRRG VXSSRUW

OHWKRGRORJ\ &RPPXQLW\ EDVHG IRUHVW PDQDJHPHQW LQ
8VH RI ORGHUQ 7HFKQRORJ\ 7UDGLWLRQDO FRPPXQLW)\ PD¢

S3UHVHQW ([HUFLVH *DUEKDQJD RUHVW (FRV\VWHP

1XPEHU Rl (6 &RQVLGHUHG ODMRU IRFXV YDOXDWLRQ RI FI
WHPSHUDWXUH UHJXODWLRQ SRWHQWQPOX ®IO®DI WORGLPE B L
VPDOO WLPEHU %DPERR IRGGHU FRPSUHKHOQ\HQYW ED S/
FRPSUHKHQVLYH FDUERQ VLQN DVVHVVPHQW DQG FXOWXUD
OHWKRGRORJ\ 8WLOL]JHG /DQG 8VH /DQG &VHH&EKDDQB RP Q/®
IRU ELRPDVV DQG FDUERQ HVWLPDWLRQ G BWIRIOCHF WRR QR
8VH Rl ORGHUQ 7HFKQRORJ\ $GYDQFHG PDSSLQJ WHRKDQLT
FDUERQ VLQN FDOFXODWLRQV DQG PRGHUQ GDWD FROOHF
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D&RPSDULVRQ
1XPEHU RI )RUHVW (6 7TDNHQ LQWR &RQVLGHUDWLRQ
SUHYLRXV ([POWRD/GNWU UDQJH RI (6 LQFOXGLQJ ZDWHU UH.
FRQVHUYDWLRQ FRDVWDO SURWHFWLRQ KDELWDW SUHVHL
SUHVHQW (HDWALR/ZHU IRFXV RQ FDUERQ VHTXHVWUDWLRQ
IURP PDWXUH WUHHYV

OHWKRGRORJ\

SUHYLRXV ([HRFKDWYVY RQ KROLVWLF HFRV\VWHP EDVHG D
PHWKRGY DQG FRPPXQLW\ LQYROYHPHQW

SUHVHQW (PHWAHRGRORJLFDO ULJRU ZLWK VWUDWLILMHGGUD C
FRPSUHKHQVLYH VRFLR HFRQRPLF VXUYH\V

8VH RI ORGHUQ 7HFKQRORJ\

SUHYLRXV ([HWPRMWHME XVH RI PRGHUQ WHFKQRORJ\ SUHGREF
ILHOG VWXGLHV

3UHVHQW ([jQWHYBWDWLRQ Rl PRGHUQ WHFKQRORJ\ LQFOX
VDPSOLQJ WHFKQLTXHV DQG FRPSUHKHQVLYH GDWD DQDO\
,Q VXPPDU\ WKH SUHVHQW H[HUFLVH HP MR\ DG P B Q AH® AX
FRPSDUHG WR SUHYLRXV DVVHVVPHQWYV RKLFWHRYMUGHEBH
PRUH WUDGLWLRQDO PHWKRGV

8QGHUVWDQGLQJ WKH HFRQRPLF YDOXH RWHRUB VMR MHFRYVKY
FRPSDULVRQ RI PHWKRGRORJLHV HPSOR\HG E\Q®WLHRQMO DA
*OREDOO\ DJHQFLHV XWLOL]H YDU\LAY | UBPOHARWNY JWRL DMV
DQG HFRQRPLF FRQWH[WV DFURVV FRQWLQBQVD\G HAKHWV Bl QFRR;
PXOWLIDFHWHG FRQWULEXWLRQV RI IRUHVWVDWEQUHQ®X O |
ELRGLYHUVLW\ FRQVHUYDWLRQ DQG UHFUHDWHRQDOURESRWV
GLVWLQFW HFRQRPLF LPSOLFDWLRQV V KO/SV.QLQIDRED G FSR-Q

$W WKH QDWLRQDO OHYHO VXFK DV LQ WIQHSVROQW H[Q/GR D * DA
YDOXDWLRQ WDNHV RQ D PRUH ORFD®IKH Q& DQ)XGDWIHFL IS FRE H
RQO\ WKH WDQJLEOH EHQHILWY OLNH WLPEBOVRIREKFIVDVRQL
WLHG WR FXOWXUDO KHULWDJH DQG FRPNREUWMWLERPSE B R
ORFDO YDOXDWLRQV ZLWK JOREDO VWDBERYRKLR | YHDIDX iH Q \OLL
WR HFRV\WWHP VHUYLFHV EDVHG RQ OR¥DW VR{HGQ I RQBV S
FRQVHUYDWLRQ VWUDWHJILHY DQG SROLF\ |UDPHZ® ULNW W DU
VRFLR HFRQRPLF UHVLOLHQFH

%\ FRQGXFWLQJ WKHVH FRPSDUDWLYH H[HUFLVHQKDHGFGBW
DFFXUDF\ DQG XOWLPDWHO\ VXSSRUW HYLGHQ BH \E MMKHAN GHMK
HFRQRPLF FRQWULEXWLRQV RI IRUHVWY ZKHWKNH RQ D JOR|
*DUEKDQJD 5) DUH DFFXUDWHO\ TXDQWLILHG DQG LQWHJUDV
HITRUWYV IRVWHULQJ VXVWDLQDEOH GHYHORSWHIRHW DQG HTX

&RPSDULQJ H[HUFLVHV FRQGXFWHG E\ GLIIHUHQW DJHI®FLHYV
VHUYLFHV LV FUXFLDO IRU VHYHUD® HMMPHXQN R)LRNWIOR GLIRVD F
VWUHQJWKY DQG ZHDNQHVVHV DFURVV GLIIHUHQW MR$SURD FK
YDOXDWLRQ WHFKQLTXHV %\ XQGHUVWDQGLQJ KRZ GH. ILMWH C
RI IRUHVWY SROLF\PDNHUV FDQ DGRSW EHVW 3Q DRVWLYR FLWRX
HFRQRPLF FRQWH[WV RSWLPL]LQJ UHVRXUFH DOORFDWLRQ L
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BHFRQGO\ VXFK FRPSDULVRQV SURYLGH D EURID\GMY BSRIQWS|
JOREDOO\ DQG QDWLRQDOO\ )RU LQVWDQFIHRUWWWGEHRP & VNI
JOREDO HFRORJLFDO VHUYLFHV OLNHHBD VBRGE L\HN/T X/BKWW UMD\
8QLYHUVLW)\ V IREXV RQ FXOWXUDO DQG EV REGLYHIUALIWY \ RYl CBHX
HQULFKHV RXU XQGHUVWDQGLQJ RI WKH PXOWL.RRBNW HG KDRQO
UHVLOLHQFH WR FOLPDWH FKDQJH DQG SUHVHUYLQJ ELRGLY

ORUHRYHU FRPSDULQJ H[HUFLVHV IURP YDULHG JHRODUDQ@G&LF
*DUEKDQJD 5) E\ WKH $VVDP )RUHVW 'HSDUWRHYW QG O X ¥ FL-
VWUDWHJILHYVY LQ YDOXLQJ HFRV\VW MWLV HURAFRW H Y KN RFRACRVY
FROODERUDWLRQ DPRQJ VWDNHKROGHUV OHDGD@QG WK WRIIL
GHYHORSPHQW SUDFWLFHV WDLORUHG WR ORFDO QHHGYV

021(725< 9$/8( $66,*1("
0.=25%0
81&3&?03; &267%1=$
ZURSLEDO|)RUI
OL]RUDP !
N %LRPH %
BVLQJ W _ Psh
)25(67 (37| DFWXDO ,,)0 %+Z”5&§V§%%?ﬁﬁﬂzin
$66%$0 YDOXHV | JRUHVWY &3 YEOXH YIRS
*DUEKDQ| 8 6 %XUH 8WWDUDN :
IDERU 6WDWLVW
5HVHUYHG | /DERU 6W i A
. +D<U| WKH HTX| _ +D<U
YDOXH R LQ LIV
&Y DSSUR[LPDWHO\
DSSURI[LH ,hgﬂ
LQ
lHFﬂ —
- D ODUNHW ¢
D ODUNHW & S e B LIl £
E 6WDWHG
DSSURDFK
DSSURDFK
E 6WDWHG
SN F 5HYHDOH
PN SUHIHUHQ| D ODUNHW E[DVHZC
DSSURDFK DSSURDFK
SUHIHUHQ| 6BWDWH R
ODUNHW | E 6WDWHG SUHIF
9DOXDWLI DSSURDEK| (QYLURQP
WUDQVDFV DSSURDEK
7HEKQLTX ODUNHW | UHSRUW F \
FUDOV D DL D DQDO\VLV | E 5SHYHDOHG
D ONLY SULFLQJ D SUHIHUHQFH
7JUDYHO FF DSSURDFK
SULFLQJ D
PHWKR G
7UDYHO FF
SV G TURSLFD(
(FRV\VWHF
6HUYLFHYV
&RVWD Q
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"DWHU
FRQVXI

JRUHVW IF
HWKQLF P
0)3V 6PD
WLPEHUYV
9'DPEI)RG

&DUER

:DWHU 5¢F

7HPSHUDWXUH
5HJXO

&XOWXUI

6RLO 1XW[ULHQW
5HWH

2[\JHQ 5F

/7KH GLVFUHSDQFLHV LQ WKH PROHWDRHVDBXYRVYVGE L UGG QWR
DWWULEXWHG WR VHYHUDO IDFWRUYV
1XPEHU RI &RPSRQHQWYV RI (FRV\VWHP 6HUYLFHV 8QGHU &
'LITHUHQW VWXGLHV PLJKW FRQVLGHU YYOLUUFHQJZ EWR S Q QHHODF
FDWHJRU\ )RU H[DPSOH

L*DUEKDQJD 5HVHUYHG )RUHVWYV &R P S UHKAFRW N YWH Y
VHUYLFHYV

LODRUHVWY RI OLJ]RUDP OLIJKW KDYH FRQVLGRAHHGRYHEAHY
YDOXHV

LODRUHVWY RI 8WWDUDNKDQG 6SHFLILF VAHUXLWHKYV VIRIE
FRPSROQHQWY XQGHUUHSUHVHQWHG

LXRVWDQ]D $Q HDUO\ FRPSUHKHQVLYHLWOWHX KM EXW EZH
VHUYLFHV FRQVLGHUHG GXH WR GDWD DYDLODELOLW\ DW
6FDOH

7KH VFDOH RI DQDO\VLY VLIJQLILFDQWO\ LPSDFWV WKH YDO

L*DUEKDQJD 5HVHUYHG )RUHVWYV /IDUHD GEQ O W RV SHHIR
YDOXDWLRQ

LODRUHVWY RI OL]J]RUDP SHILRQDO IRFXV EXWGSWWRVLI
*DUEKDQJD 5)

LODRUHVWYV RI 8WWDUDNKDQG SHILRQDO EXW PLIJKW KI

LXRVWDQ]D *OREDO VFDOH ZLWK JHQHUDO FHV WILPRDQW

$UHD RI  QWHUHVW

7KH JHRJUDSKLFDO FKDUDFWHULVWLFV DUH® R D] IFRIXE ML

L*DUEKDQJD 5HVHUYHG )RUHVWYV 5LFK ELRGQYHHNINVNGIWWYJ G\H
HFRV\VWHP VHUYLFH YDOXHV

LDRUHVWYV RI OL]JRUDP '"LITHUHQW WRSRJUDSK\ DQ&DWURYW

LODRUHVWY RI 8WWDUDNKDQG 9DULHG HFRORIXWDO JRQHYV

LYXRVWDQ]D V 7URSLFDO )RUHVW %LRPH QRYWHWVDBBELHIG- BA
SDUWLFXODU DUHD

7TLPHOLQH &RQVLGHUHG
7KH SHULRG RI VWXG\ DQG YDOXDWLRQ DIIHFWV WKH PRQH)
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L *DUEKDQJD 5HVHUYHG )RUHVWYV / D W H VR \GDMDWD KRR K
DQG HFRQRPLF FRQGLWLRQV

LURUHVWYV RI OL]JRUDP SHFHQW EXW VOLJKWO\ ROGHU

LURUHVWYV Rl S8WWDUDNKDQG 2YHU D GHPBIGH R®\G D §
HFRQRPLF SDUDPHWHUYV

LY RVWDQ]D (DUO\ YDOXDWLRQ ZLWK VLJGIMXFN®H QW

LQIODWLRQ DQG HFRQRPLF FKDQJHV

'‘DWD &ROOHFWLRQ OHWKRGRORJ\

‘LITHUHQW GDWD FROOHFWLRQ PHWKRGRORJLHYVY OHDG WR Y

L*DUEKDQJD 5HVHUYHG )RUHVWYV /ILNHO\ XN @ GLIQWV H B\
PDSSLQJ DQG GLUHFW ILHOG GDWD FROXXUHDMNHL RO SR VHX
HFRV\VWHP VHUYLFHV

LODRUHVWYV RI OL]JRUDP OLIJKW KDY HMVWRXURHS BRAUEH ARV V
ILHOG VXUYH\V OHDGLQJ WR OHVV SUHFLVH YDOXDWLRQ

LODRUHVWY RI S8WWDUDNKDQG 'DWD BXKGIOMR WLIRFP(H DLQ &
FRQVWUDLQWY SRVVLEO\ UHO\LQJ PRUH RQ ODWS8UDNMWVW
GLUHFW ILHOG GDWD

LXRVWDQ]D SHOLHG KHDYLO\ RQ H[LVWIPQ ¥ BGREDWH 6
FROOHFWLRQ VSHFLILF WR WKH UHJLRQ

I9DOXDWLRQ WHFKQLTXH

'LITHUHQW YDOXDWLRQ WHFKQLTXHYVY OHDG WR YDU\LQJ UHYV

LODUNHW EDVHG DSSURDFK S5HOLHV RQ PMHWNMWOIX0DWLHWQ V
PDUNHWYV IRU HFRV\VWHP VHUYLFHVY DUH ZHOO GHYHORSH

LBWDWHG SUHIHUHQFH DSSURDFK %DVHGFRWQL QX SHKW\FWHD QI

LBHYHDOHG SUHIHUHQFH DSSURDFK 8VHVRDAMWISE&R YEHXKLODYI
UHDOLVWLF HVWLPDWHYV EXW OLPLWHG E\ DYDLODEOH PDI

*URXQG 7TUXWKLQJ

7KH H[WHQW RI JURXQG WUXWKLQJ LQIOXHQFHV WKH DFFXU

L *DUEKDQJD 5HVHUYHG )RUHVWYV ,QYRO YHRO BMNMFIMQ\RLY HOM
SUHFLVH YDOXDWLRQ

LURUHVWV RI OLJRUDP 3RVVLEO\ LQYROYHG VRPH JURXQG \

LOURUHVWYV RI 8WWDUDNKDQG *URXQG WUXW K LBYQQGP UHRAR XK
FRQVWUDLQWYV

LY RVWDQ]D (DUO\ VWXG\ ZLWK OLPLWHG JURX®@® G U
EURDG DVVXPSWLRQV

6SHFLILF 5HDVRQV IRU 'LVFUHSDQFLHYV

D:DWHU &RQVXPSWLRQ
7KH YDOXDWLRQ IRU *DUEKDQJD LQFOXGHVHRRSXUGHWDWQ |
VWRUDJH ZKLOH RWKHUV PD\ RQO\ FRQVLGHU EDVLF FRQV)

E)RUHVW )RRG (WKQLF OHGLFLQH 0)3V 6PDOO 7LPEHUV %D
'LITHUHQW VWXGLHYV PD\ HPSKDVL]H YDWIIRX\EEGRE SFRQ HRRG/
WLPEHUV LPSDFWLQJ WKH RYHUDOO YDOXH

F&DUERQ 6LQN
OHWKRGRORJ\ GLIIHUHQFHV LQ HVWLPDWLQJ FDUERQ VHTXFH
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G:DWHU 5HWHQWLRQ
'LITHUHQFHV LQ K\GURORJLFDO PRGHOOLQ® KQG ON KMHHIURJTR.U
IODW UHJLRQV ,QFOXVLRQ RI WKH ZDWHAR UMN W B Q"B URE® DY@
OHDGLQJ WR D KLJKHU YDOXDWLRQ ZRQF GPHIKWE Q& VR\KR M
UHVXOWLQJ LQ ORZHU RYHUDOO YDOXHYV

H7HPSHUDWXUH 5HIXODWLRQ
(I WHQVLYH YDOXDWLRQ LQ *DUEKDQJD GXH DWRHL VEX LFRKL WD F
KDYH EHHQ DV VLIJQLILFDQW LQ RWKHU VWXGLHV

| &XOWXUDO 6HUYLFHYV
'LITHUHQFHYV LQ WKH YDOXDWLRQ RI UHFUHDWLRQDO VSLUL

J 6RLO 1XWULHQW S5HWHQWLRQ
9DULDWLRQV LQ VRLO W\SHV ITHUWLOLW\ DQG WRKMH PHWKRC

K2[\JHQ 5HOHDVH
7KLY FRPSRQHQW PLIJKW KDYH EHHQ RYHUORRNHG RU XQGH

,Q FRQFOXVLRQ WKH GLVFUHSDQFLHV UQLWKW BB DQWHN BXH WD
LQ WKH QXPEHU Rl FRPSRQHQWY FRQVLGHHWKR®RORH MDWQHEL
WUXWKLQJ HITRUWYV (DFK VWXG\ V XQLTXH IRFX\W BI@G PW WXR
FRPSOH[LW\ DQG PXOWLIDFHWHG QDWXUH RI HFRV\VWHP VHU
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81&(57%,17< $66(660(17

$VVHVVLQJ XQFHUWDLQW\ LV D FULWEEDOWRPG 8 @HFWURIFN RI
HVWLPDWLRQ DQG HFRV\WWHP VHUYEER PDXNQM\M\MLFFIDMLLRRD
VHUYLFH TXDQWLILFDWLRQ DULVHV IURP RMRWYVS @R &RG DAHA
YDULDELOLW\ LQ ELRORJLFDO DQG HQYLUR QRHUNDD Q0 E Q.
TXDQWLI\LQJ WKHVH XQFHUWDLQWLHY DUH HVVAB®@WDO IRU L
$ S3URYLVLRQDO 6HUYLFHYV
f :DWHU &RQVXPSWLRQ
7KLV VHFWLRQ HYDOXDWHV WKH SRMRPGW WLE X Q WHHUWWFLRL@W
IRU YDULRXV YLOODJHV (DFK VRXUFH 8D KW ARHQ W B HQUAH OLL\L
GDWD LV GLVFXVVHG
OHDVXUHPHQW (UURUV RQ 'DLO\ 'RPHVWLF KBIWHUH & B D X
GRPHVWLF ZDWHU FRQVXPSWLRQ SHU KRXVHKKR O/® UNDHEL
FDQ DULVH IURP GLIIHUHQFHV LQ KRX¥ RKR® &UWHRAH QXD W
9DULDWLRQV LQ LQGLYLGXDO KRXVHKROG ZDWHU XVDJH

SRSXODWLRQ 'DWD 9DULDELOLW\ LQ WRWD g KIHK FREKD VR
YLOODJHY DQG KRXVHKROGVYV DUH FULWWMIDROQIR3R YD OEXD
SRSXODWLRQ FHQVXYV GDWD RU FKDQJHV LOQGKRRVHREBRIC
VKLIWV

'DWD &ROOHFWLRQ OHWKRGV IRU 6XUYH\ PRGC GHP\RH & MY
VXUYH\V RU VHOI UHSRUWHG E\ KRXVHKROGV LQWURC(
PLVXQGHUVWDQGLQJ RI VXUYH\ TXHVWLRQV RU GHOLEHL

YL7HPSRUDO 9DULDELOLW\ UHIJDUGLQJ <HDUO\SWPRIQ WDR) : D
VHDVRQDOO\ GXH WR FKDQJHV LQ ZDWHYHBGNLQO K E WIX\W\
ZDWHU XVH GXULQJ GLIITHUHQW WLPHVHRUQWYXP PHIUW R V X(
IHVWLYDOV

YLL(VWLPDWLRQ DQOG &DOFXODWLRQ (UURUV LQ SWDRAUVKEF
FRQYHUVLRQ IURP GDLO\ WR \HDUO\ ZDWHU FRQVXPSWLR
WKH \HDU 'D\ WR GD\ YDULDWLRQV LQ ZDWHLUQ X\3D LD
FRQVXPSWLRQ ILIXUHV

‘'DWD $JJUHIJDWLRQ DQG 5HSRUWLQJ LQJ¥YHIU D WWLQIJI DEDEN
LQGLYLGXDO KRXVHKROGV WR YLOODJH WRWDOWLRDWV L
,QDFFXUDFLHV LQ GDWD SURFHVVLQJ RU VSUHDGVKHHW |

f JRRG _OHGLFLOH )J)LUHZRRG 6PDOO WLPEHU %DPERR 0)3 D
$VVHVVLQJ WKH XQFHUWDLQW)\ LQ WKH HMVM BWRRB ® FRV \F RY
HQVXUH WKH DFFXUDF\ DQG UHOLDELRQW\RKMWOKB Hz B RN H Q!
XQFHUWDLQW\ DQG WKHLU LPSDFWV RQ WKH HVWLPDWHV S

OHDVXUHPHQW DQG 5HSRUWLQJ (UURUYV

L 6XUYH\ $FFXUDF\ 7KH GDWD RQ FRQVXPSWLREUNBGV V
5HVSRQGHQW ELDV UHFDOO HUURUV DQG PLVXQIGHUVW

LL6DPSOLQJ %LDV ,I WKH VXUYH\ VDPS QI LS/R S RWD WH RIQH
OHDG WR ELDVHG HVWLPDWHV (IIRUWYD QMR L QXU XDV
QHFHVVDU\ WR PLWLJDWH WKLV ULVN
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LLOHDVXUHPHQW 8QLWYV O9DULDELOLW)\ LQ WKMNJIXQ@RW RIR
OHDG WR LQFRQVLVWHQFLHV HVSHFLDOO\ LI FRQYHUVL

7HPSRUDO 9DULDELOLW)\

L 6HDVRQDO &KDQJHV &RQVXPSWLRQ DQG D HDLWRIDLADA W \
H[DPSOH FHUWDLQ IRUHVW IRRGV PD\ R@ONHE W LOQYID DQE
HVWLPDWHYV

LL<HDUO\ JOXFWXDWLRQV $QQXDO YDULDXWDRQS LE WK WED
VRFLR HFRQRPLF FKDQJHV FDQ DIIHFW WKH DFFXUDF\ RI

6SDWLDO 9DULDELOLW\

L *HRJUDSKLFDO 'LIITHUHQFHV &RQVXPSWLRQ BDWWHHQ\
VLIQLILFDQWO\ EHWZHHQ YLOODJHVLWKRXW DWW ER X G\ W
GLITHUHQFHYVY FDQ LOQOWURGXFH HUURUYV

LLSHVRXUFH 'LVWULEXWLRQ 7KH GLVWULEXWLRQ@ RM VI RAUKH
DUHD OHDGLQJ WR XQHYHQ FRQVXPSWLRQ UDWHYV

+XPDQ ,PSDFW DQG 'LVWXUEDQFHV

L /RJIJLQJ DQG /DQG 8VH +XPDQ DFWLYLWLKVBXFK] DWLRR
DIIHFW WKH DYDLODELOLW\ DQG TXDOLW\L @ |FRUHVPS V8
SDWWHUQV

LL3RSXODWLRQ '\QDPLFV &KDQJHV LQ SRSX®DADIQR QP& ID]FHW
GHPDQG DQG FRQVXPSWLRQ RI IRUHVW SURGXFWV

6WDWLVWLFEFDO DQG ORGHO 8QFHUWDLQWLHYV

L (VWLPDWLRQ OHWKRGYV 7KH PHWKRGV XVHGRPRR \HVPABIWPLDE
SHU KRXVHKROG FDQ LOWURGXFH HUURUV IQRIMHPBEBPROL

LLDWD ([ WUDSRODWLRQ ([WUDSRODWLRSXmDWW LERRPFD QI
XQFHUWDLQW\ SDUWLFXODUO\ LI WKH VDPSOH VL]H LV \

ODUNHW '"\QDPLFV

L B3ULFH )OXFWXDWLRQV &KDQJHV LQ W KIH) PODXUNHAWH SVUKLHF N
FRQVXPSWLRQ UDWHV (FRQRPLF IDFWRUV VXPK DD/ WR
YDULDELOLW\ LQ HVWLPDWHYV

LL7UDGH 5HVWULFWLRQV 3ROLFLHVY DQGVWHIXNEGUDWEWRYW D
WKHLU DYDLODELOLW\ DQG FRQVXPSWLRQ

%5HIXODWLQJ 6HUYLFH
f & DUERQ (VWLPDWLRQ
7KLV LV D TXDOLWDWLYH DVVHVVPKHYWHRFXQFXOMMYILRW IRH M
YDULRXV IRUHVW VWUDWD 7KH VRXUFHV RRXQKH WWDILQ &N (
FDUERQ VWRFN HVWLPDWHY DUH GLVFXVVHG
OHDVXUHPHOW (UURUV LQ $YHUDJH &DUEBRRSHVUWDPN GH L
SORW LV UHSRUWHG ZLWK D * XQFHUWDLQWUYHHAKEVY RPD
PHDVXUHPHQWY VDPSOLQJ HUURUV RU LQWAUKWHQSH S
FRPSRVLWLRQ DQG KXPDQ HUURU LQ PHDVXUHPHQWYV

$UHD $VVLJQPHQW DJDLQVW (DFK 6WWRMIIW D7 KW D UHUX FOLV
GHWHUPLQLQJ WKH WRWDO FDUERQ VWRFN (BDRU®HIDG F
LQDFFXUDFLHV 8VH RI RXWGDWHG RW\ LL@MNFHXSDNWHD VD R
FKDQJHV LQ ODQG XVH
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'DWD &4ROOHFWLRQ OHWKRGY DQG 6DPSODWX [ FEKDQY/HIGK R\D
SORWYV DQG WKH UHSUHVHQWDW L AHRH/LY/D RIOWHMWY IHP 12 IVAHS
VDPSOLQJ LQVXIILFLHQW VDPSOH VL]H RU XQUHSUHVHQV

1DWXUDO 9DULDELOLW\ LQ RUHVW "\QURZWK UIIDMHW DRCR Y
GLVWXUEDQFHV HJ ILUHV SHVWYV 7HPS R DHOF WKBMUER C
FRQGLWLRQV DQG XQH[SHFWHG HQYLURQPHQWDO HYHQW\

(VWLPDWLRQ DQG &DOFXODWLRQ (UURUV LQ &D 6 HXOIONRLY
FDUERQ VWRFN WR WRWDO FDUERQKVMWRNFUWRGXFRQY HHWR \F]
SRXQGLQJ HUURUV PLVFDOFXODWLRQV RU LQFRUUHFW D

f :-DWHU 5SHWHQWLRQ
7KH SULPDU\ VRXUFHV RI XQFHUWDLQW\ LQWVHKHURUSR URID
LQDFFXUDFLHV HVWLPDWLRQ YDULDELOWWLQMQAG \FXQ FKOD.
IRU SUHFLVLRQ LQ GDWD FROOHFWLRQ URER®DOW LIERHQNDHNILF
PRLVWXUH FRQWHQW YDULDELOLW\ LQ ELRPBEDPQ® WRPSRIQHAI
LPSURYH WKH UHOLDELOLW\ Rl ZDWHU YROXPH DQG UHWHQ
L OHDVXUHPHQW (UURUV (UURUV LQ PHDVXURL ®HWHKHVYRO XC
FRXOG UHVXOW IURP LQDFFXUDFLHV LQOXBHWUWRHQMDL ®\
YROXPH DQG WKH WRWDO YROXPHV FDOFXORWAH G D® UF DVX
YDULDELOLW\ LQ WKH UHSRUWHG DYHUDJH YROXPH SHU V

M &ROYHUVLRQ (UURUV (UURUV LQ FRQYHUWLQUHRHBRXOE
LQWURGXFH XQFHUWDLQWLHYV HVSHFLDOR@KBAQFEXDOEQ
OHDG WR LQFRUUHFW HVWLPDWLRQV Rl ZDWHU YROXPHYV

N (VWLPDWLRQ (UURUV 7KH DYHUDJH YRO XPBEH SHWW\DH RR\Q (
HVWLPDWLRQ HUURU UHIOHFWYV WK HSRWHQWIOLD ¢ DQLOCHLXA
GDWD FROOHFWLRQ SURFHVYV 7KH * X Q FIHURODXLGLWQ\ LR IS
YROXPHV IRU WKH GU\ VHDVRQ

O&DOFXODWLRQ (UURUV &DOFXODWLQJ WHKR OWRIW DPX ¥ RQ X ¢
DQG SRWHQWLDO DFFXPXODWLRQ RI PHGR D \W¥B OVMKHODWERQ
OHDGLQJ WR VLJQLILFDQW GLVFUHSDQFLHV LQ WKH ILQDC

P%LRPDVV ORLVWXUH &RQWHQW (DFKLEIGRPRVVYWRPS OPRN Y
ZLWK DQ DVVRFLDWHG XQFHUWDLQW\ “ DWRXODW IZK® VR
UHWDLQHG LQ ELRPDVV 7KH YDULDE IHFIMWO \LIP 8 B EWW XWIKF
ZDWHU UHWHQWLRQ LQ ELRPDVV SRWHQWLDOO\ OHDGLQJ

Q%LRPDVY 0DVV OHDVXUHPHQWY ,QDFFXRKRID FIHW ROQV PELIR
FRPSROQHQWY FDQ OHDG WR HUURUV L@QFRDOHRKW®YWDRIRPID \
PHDVXUHPHQWY DIIHFW WKH DFFXUDF\ RI ZDWHU UHWHQW

f THPSHUDWXUH 5HIXODWLRQ
7KLY VHFWLRQ HYDOXDWHYVY WKH SRWHRSHILDDON X RKUGHBEW RIS
*DUEKDQJD 5) DQG *XZDKDWL &LW\ IRFXVLQJ RQGWWHKHD\
WHPSHUDWXUH GLIITHUHQFHYVY EHWZHHQ WKW IR OB HRWIRLC
LPSDFW RQ WKH GDWD LV GLVFXVVHG
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'DWD &ROOHFWLRQ OHWKRGV 7KH SUHFLWIRQSRH @MW HX W
PHDVXUH WKH WHPSHUDWXUHV FDQ L QWUHRPGHAHD WX FHIUWH
WR LQVWUXPHQW FDOLEUDWLRQ SODFHPHQW DQG PDLQ)

7/HPSRUDO 9DULDELOLW\ RQ 'DLO\ DQG OR@WKOV ) OXIFIW KL
ZLWKLQ D PRQWK DQG WKH UHSRUWHG DYHUDIHVRDG MR
ZHDWKHU YDULDWLRQV XQXVXDO ZHDWKHU HYWXQMAWY HQAOQW
DUH WDNHQ

*HRIJUDSKLFDO 9DULDELOLW\ *DUEKDQJB WR OL® D WAD/K YK
WHPSHUDWXUH UHDGLQJV GLITHUHQW OHDMWXKILHY H/IXFK DY
YHIHWDWLRQ FRYHU DQG XUEDQ KHDW LVODQGYV

'DWD (QWU\N\ DQG 3URFHVVLQJ (UURUV WWIVQIDNHY GHDGQNF
WHPSHUDWXUH YDOXHV 7\SRJUDSKLFDO HIRXROWW LLRER UL
PLVLOQWHUSUHWDWLRQ

6DPSOLQJ (UURUV J/LPLWHG VDPSOLQJ SRKQWV ZLWXKPD \*
UHSUHVHQW WKH HQWLUH DUHD RYWHP3SH W WXHRS B B BXWK
UHSUHVHQWDWLYHQHVYVY RI FKRVHQ VDPSOLQJ ORFDWLRQ

(QYLURQPHQWDO ,QIOXHQFHV *XZDKDWL &XWHWDBXH[Y
XUEDQL]DWLRQ ZKLOH *DUEKDQJD 5) PD\ KDWH FRR-OH
'LITHUHQFHYV LQ ODQG XVH VXUIDFH PDWHULDOV DQG DQ
OHDVXUHPHQW (UURU 7KHUH FRXOG EH HUURIUY ZIQVKH D VI
KRXVH DQG WKH SRZHU UDWLQJ RI WKH $& VIHUXDWERRQ
SUHFLVLRQ RU KXPDQ HUURU FRXOG FRQWULEXWH WR W|

9DULDELOLW\ LQ (QYLURQPHQWDO &RQGLWLRQV 7KH HIIF
YDU\ GHSHQGLQJ RQ IDFWRUV OLNH DPELH QW RXVRHS HPG
SUHVHQFH RI ZLQGRZV RU GRR_ 7KHVH |IDFWRXWY H\D\Z QW
*DUEKDQJD 5)

$VVXPSWLRQV DQG (VWLPDWLRQV 7KBVFX® 5XQRW VRRU HP\!
VXFK DV WKH DYHUDJH WHPSHUDWXUH UGGHKERIL RQ KREX\L |
9DULDELOLW\ RU LQDFFXUDFLHV LQ WKHVH DVVXPSWLRQ\
6HDVRQDO 9DULDWLRQV 7KH GDWD SURYLGMGVSRIFISRBABL
WKH PRQWKY IURP $SULO WR 6HSWHPEHU LHPSHUL QD DLPA
LQ ZHDWKHU SDWWHUQV RU XVDJH SDWWHU®WD LZQW\KLQ W

6DPSOLQJ 9DULDELOLW\ 7KH GDWD PLJRQW JUHEKIHYIHQ 5
WKDQ WKH HQWLUH SRSXODWLRQ 9DULDEL® WK\HZVYD/KEQH
WKH SRSXODWLRQ FRXOG DIIHFW WKH JHQHUDOL]DELOLW

ORGHOOLQJ $VVXPSWLRQV 7KH FDOFXODWLRGDRILWRRWODO
FHUWDLQ PRGHOOLQJ DVVXPSWLRQV RU VRIPFO LI DF DKL
DVVXPSWLRQV FRXOG FRQWULEXWH WR XQFHUWDLQW\
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SHSRUWLQJ 3UHFLVLRQ 7KH * XQFHUWDLQW)\ DDRQJBHQSU
WRWDO YROXPH RI DLU UHSUHVHQWY DVOMREBOYRIU S WHFL
XQFHUWDLQW\ FRXOG EH KLJKHU RU ORZHU WKDQ WKLV V

& &EXOWXUDO 6HUYLFHV

f 7KLV DVVHVVPHQW LV EDVHG RQ WKRIXD¥MXPEBWXQRHWWDWC
WA\SLFDO FKDOOHQJHV HQFRXQWHUHG GXUIKQU\ILGHHSAH @ ®V/LXE
VSHFLILF SURMHFW FLUFXPVWDQFHY DQG PLWLIJDWLRQ VWL

9DULDELOLW\ LQ )LHOG &RQGLWLRQV & LW KB PRWRPW FIRIXIC
GDWD FROOHFWLRQ DQG DQDO\VLY SRWHQWNBDG ®\DQHX)

&KDQJHV LQ 5HVHDUFK 2EMHFWLYHV *LYHQ WKHQ\®VQD
DOWHUDWLRQV LQ UHVHDUFK RE MHRHWIRH S PDO @HFH VH/[IH
DQDO\WLV UHVXOWLQJ LQ D GHYLDWLRQ

8QIRUHVHHQ &KDOOHQJHV 8QH[SHFWHG RGNVWIDFQW VHVXH
IDLOXUHVY RU ORJLVWLFDO LVVXHV PD\ VQJQULR. BD@NVYQ\D @

' XSSRUWLQJ 6HUYLFHYV

f 6RLO 1XWULHQW 5HWHQWLRQ
8QFHUWDLQW\ DVVHVVPHQW LQYROYHV LGREWLWHGJIZD QG V
SURYLGHG +HUH V KRZ \RX FRXOG FDUU\ RXW DQ XQFHUWD

OHDVXUHPHOW 8QFHUWDLQW\ 'HWHUPLQD@QWR®HR L F\M K HX §
FROOHFW WKH GDWD LQGXFHV XQFHUWD PQWILQ RIKHUIHRI
S+ XQLWV WKHQ HDFK S+ YDOXH VKRXOG EH FRQVLGHUH

$ODO\WLFDO 8QFHUWDLQW\ 7KLV LQKROKH\VOXDRHDWRU!
(UURUV LQ HTXLSPHQW FDOLEUDWLRQ PHWKRGROWRAIFD (
DOO FRQWULEXWH WR DQDO\WLFDO XQFHUWDLQW\

1DWXUDO 9DULDELOLW\ 1DWXUDO VBRWEPSURG KK WH QW G
ZLWKLQ D VPDOO DUHD GXH WR IDFWRUV OLRERHRBIRRUWR D
DFWLYLW\ 7KLV YDULDELOLW\ PD\ JHQHUDWH XQFHUWDL

'DWD 5HSRUWLQJ $FFXUDF\ DQG FRPSOHWH VGRW B HRURHO
PLVVLQJ YDOXHV RU PLVLQWHUSUHWDWLRQV FDQ LQWUR

([SHUW -XGJPHQW 6RPHWLPHV LW V QHREF BDWWHY\VWR U
WKDW FDQQRW EH TXDQWLILHG WKURXJKRKVRKBUHDHDQ® V
FROOHFWLRQ PHWKRGY FDQ SURYLGH YDOXDEOH LQVLJK!

f 2[\JHQ 5HOHDVH
W V LPSRUWDQW WR DFNQRZOHGJH WKDW WK®\ “FDESWN UIHQ
RYHUDOO XQFHUWDLQW\ LQ WKH DVVHVMVWAHHQWNY H R P UG FIRRE®
VXFK DV YDULDELOLW\ LQ HQYLURQPHQW D®@ G RV} WRROQ U H
HFRV\WWHP G\QDPLFV 7R FDUU\ RXW DQXDWWAH W\ B LSRN HDQ/W
XQFHUWDLQW\ LQ WKH GDWD DQG FDOFXODWLRQV SURYLGH
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OHDVXUHPHQW 8QFHUWDLQW\ 7KH GDWID SH® ZILGWHG DV DL
: 7KLY LQGLFDWHYVY WKDW WKHUH LV DHSWWWQ @ LHDAJ HRIA
WUHHVY DQG WKH WRWDO R[\JHQ UHOHDVHG

((IWUDSRODWLRQ 8QFHUWDLQW\ 7KH DYHUE DK \D JH HRU HV K
EH XQFHUWDLQW\ DVVRFLDWHG ZLW KL PIDWUD'WR &6 DMR\G D QV
DQG R[\JHQ UHOHDVHG RYHU \HDUV DWK WQIV¥FRPHERO® |
SURGXFWLRQ ZKLFK PD\ QRW EH HQWLUHO\ DFFXUDWH

([FOXVLRQ RI &RPSRQHQWY 7KH GHFLVLRQ WRQHFFBXGHRY
LQWURGXFHVY XQFHUWDLQW\ UHJDUGLQJ W KGHWFRDMDXQJ I’ DA
PD\ FRQWULEXWH VLJQLILFDQWO\ WKHVH HNXWHGWE W
HFRV\VWHP V RYHUDOO FDUERQ VHTXHVWUDWLRQ DQG R]

'DWD $YDLODELOLW\ 7KH ODFN RI| UHPGRMHDMWWHVVKERE
OLWWHU DQG 62& LQWURGXFHV XQFHURZD VQWQ LL DFDR W
FRQWULEXWLRQV FRXOG EH DQG QRW DFFRX®WDRQERRUW
DQG R[\JHQ UHOHDVH

ORGHO $VVXPSWLRQV 7KH DVVHVVPHQW WHO DHNG RDQ HH Y
UHODWLRQVKLSY ZKLFK FRXOG LQWURGXEKBS8 OX QFHIM\VOLLE
YDULDELOLW\ ZLWKLQ WKH *DUEKDQJD )RUHVW HFRV\VWHFE
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JRUHVWY SURYLGH HVVHQWLDO HF P\D VAHIDRD EHWUQLUF H MW WKKEH
UHPDLQV XQGHUHVWLPDWHG LQ HFRQRPOQ®W LRRILW DWRUNLR'C
HFRQRPLF LQGLFDWRUV RYHUORRN WKHUYD@KWDRIFH UMK M *
'RPHVWLF 3URGXFW *6'3 RI $VVDP IRU D G R/HD\O ®IR V& H.QLFYC
IRUHVWY ZKLFK FRYHU DSSUR[LPDWHO\ HD URAKWIXIHP V \WDRN AX\D
YDOXH IRUHVW HFRV\VWHP VHUYLFHV & GIRUPE\Q JHAXR/BEWDH FVDILE
HVWDEOLVKLQJ EHQFKPDUNY LPSOHPHQWLQGHWRQ LWHRMLHZL G
SUDFWLFHV GHVLJQLQJ VWDQGDUGL]HG SURWRHARGIV DRER
GLVVHPLQDWLQJ ILQGLQJV %\ DVVHVVLQJOHGARM\ \GWH P HMHU R L
UHILQLQJ TXDQWLILFDWLRQ PHWKRGYV HVWLPDNHWM HIFRKDR)
VWDNHKROGHU HQJDJHPHQW DQG FRQWULEXWWXHWRNDREQG
VFLHQFH DQG SROLF\ IRU HIIHFWLYH IRUHVW FRQVHUYDWLRQ

7KH UHSRUW H[SORUHV WKH PHWKRGRORJEHY I6U DRFXVLVQEY .
OLOOHQQLXP (FRV\VWHP $VVHVVPHQW 0%$D Q/& o LRREQ R PIURAL \WR
DQG WKH &RPPRQ ,QWHUQDWLRQDO &ODVVLIKEDWLRX) RR | HWWR
KROLVWLF YLHZ 7((% HPSKDVL]HVY HFRQRPLF YGCLOEKKG WULRRH DR
$OLIQLQJI ZLWK 0% DQG 7((% SULQFLSOHV PBWKRIB@GIDR 5HNH
JRUHVW 3URMHFW HQVXULQJ FUHGLEL®OLWOLDQBH @ RP XMWGOHE
FRPPLWPHQW WR ULJRURXV (6 DVVHVVPHQW HQKDQFLQJ SUF

7KLV UHSRUW RXWOLQHV WKH PHWKRGRORH XD/HEK I/QJ D XDHOWM
JRUHVW 3UH VXUYH\ DFWLYLWLHYVY LQYROYHG XMLIDMWD\QBDE&
GHOLQHDWH YDULRXV IRUHVW W\SHV DIGIi®DRG KIRIR/D \6\D DS
HVWLPDWLRQ EDVHG RQ VWUDWLILHG UDOQRAREDAVMDI G OO0 RZL QX
ZHUH FKRVHQ DORQJ ULYHUV DQG VWUHDPWR FDIOHPMRINMHWWR DN
IRU VRFLR HFRQRPLF GDWD FROOHFWLRQP XM YSHO RDAFW LR/ W WAVLLE
GDWD FROOHFWLRQ DQG VXE SORWV I|IRU JURXQG ELBPDV)
FRPSUHKHQVLYH XQGHUVWDQGLQJ RI HFRV\VWHP VHUYLFHV I

7KH UHVHDUFK UHSRUW IRFXVHV RQ YDOXLQDURHWVEDWHHFEYV'
SUHIHUHQFH DQG UHYHDOHG SUHIHUHQFMHLSSERNFEBEHNH VR |
PHGLFLQH DQG ILUHZRRG HPSKDVL]LQJ WKHLUJ HFRQURRPH. F
KLIKOLJKWHG IRU LWV FDUERQ VHTXHVWUDRWHRKCESRWHKQ QD O (
JRUHVW 3URGXFH 0)3 DQG YDULRXV YDOXD\WLRRP B/HHKKQ V KX
DVVHVV WKH HFRQRPLF YDOXH RI IRUWVOLYMWRVDVY\DHURL NWU RILA
FRQVLGHUHG IRU TXDQWLILFDWLRQ DQG YDOXDWJI RMR DAX O /U
DQG VXSSRUWLQJ VHUYLFHYV

7KH UHVHDUFK UHSRUW SURYLGHV LQIRUPDWLRQ RQ *
'RPHVWLF ZDWHU FRQVXPSWLRQ DFURVWW HNERWD\INIHNPL QWA
LQIRUPDWLRQ VXFK DV WKH WRWDO QXPEHU ®R PHOW DR HA\D
FRQVXPSWLRQ SHU KRXVHKROG ZLWK D PDUJKX® W LR Q7IRR \H
YLOODJH LV FDOFXODWHG EDVHG RQ WK HEWDHVHLI XRDW XPISHV
YLOODJHV FRPELQHG LV OLWUHV ZLMRXDYKROKU R D
OLWUHYV
&RQVXPSWLRQ SDWWHUQV RI YDULRXV IRUR®RW3YRREE R WV VI
IRUHVW IRRG HWKQLF PHGLFLQH PLQRU IRRREFWESPBERBRFH
IRGGHU DUH FRQVXPHG DFURVYV PXOWLSPRQWXFGCWIHQ YR
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ZLWK D * PDUJLQ RI XQFHUWDLQW\ VKRZFDWHMRWHKFHVL
VXVWHQDQFH DQG OLYHOLKRRGV LQ WSKRH\WDBBH 7RIHVIM\QVBD [
PDQDJHPHQW SUDFWLFHV WR HQVXUH WWEOFREWRRXHIEV D
FRPPXQLWLHYV
'DWHU UHWHQWLRQ LQ WKH *DUEKDQJD )R U H\DN HHF RN VYR-OP
RI FXELF PHWHUV SHU VHFRQG * \@ KRIY W W D @ D'\R/ OR
GU\ VHDVRQ LV HVWLPOFWEHGF DPHWHUMV “ HTXLY DOORQMA X
“ 7KH GDLO\ ZDWHU UHWHQWLRQ GXULQJ W&HWUHWHDYV
ZLWK WKH PLQLPXP TXDQWLW\ UHWDLQHG WKURNXJIKRBXW Wil
“ &RPSRQHQWY FRQWULEXWLQJ WR ZDWHU RRDWHQ \® L R/G
GHDGZRRG DQG VRLO ZLWK YDU\LQJ PDVVHWYSRPREVOQIXZHE)
UHWHQWLRQ YDOXHV 7KHVH ILQGLQJV SURY IGG@ DYDL G X DFEIOV
*DUEKDQJD J)RUHVW HFRV\VWHP DLGLQJ LQ FRQVHUYDWLRC
7HPSHUDWXUH YDULDWLRQV EHWZHHQ *DUEKDQ DD FRQDD\G
WHPSHUDWXUH GLIIHUHQFH WKURXJKRXWRWHKH EHN DS SR K}
f& DQQXDOO\ $GGLWLRQDOO\ WKH YROXPH RIQNLG HWMQ

DUHD RI UHVHUYHG IRUHVW +D DQG FURBKKHL MRWDO P
RI DSSUR[LPDWHO\ FXP 3RZHU FRQVXPSWLRQ
XQLWV VXJIJHVWY DQ HVWLPDWHG UHKXIRWHPRRW@WLRKQD E\ ]

$SULO WR 6HSWHPEHU LQ *DUEKDQJD 5)
9DULRXV SXUSRVHV RI YLVLWYVY WR WKH *DUEKDQJDWFKE®YH

ZHUH FRPPRQ DFWLYLWLHV ZLWK DQG LQLW&HPL GIXHDAG
ZHUH WKH PRVW IUHTXHQW SXUSRVH ZIWRI IGOGVY YHIZD ON
PDQ GD\V

6RLO FKDUDFWHULVWLFV GDWD IR U* [ EIKDIDW) REBHHOWM WH F IRC
S+ UDQJHV IURP YHU\ VWURQJO\ DFLG IHVWRUVIVQRR FO U B R QC
FRQVLVWHQWO\ YHU\ KLJK ZLWK YDULDOM RTKHQ R MRWD W\ FR
FRPSULVHVY VDQG\ ORDP WH[WXUH 7KH WRWROQ Q@ MRIOXP H DRIE
5) LV FXELF PHWHUV
7RWDO FDUERQ VLQN DQG R[\JHQ UHOHDVH DWWRUBXWHG W
HFRV\WWHP RYHU D \HDU SHULRG 7KH WRWDO FDWHE®RQ VL
PHWULF WRQV ZLWK D PDUJLQ RI HUURU RI “ 2Y
SURMHFWHG WR UHOHDVH D WRWDO R[\JHQ RI DSSUR[LPDWI
PDUJLQ RI HUURU RI “* DQG GLVFRXQWLQJ WKH LQWDNH RI
2[\JHQ UHOHDVHG GXULQJ WKH \HDU LV HVYWLPDWHG W
:KLOH WKLV DQDO\VLV IRFXVHV VROHO\ R@ P\ WDXIUGWW U H WVS
YDOXDEOH LQVLIJKWY LQWR WKHLU VLJQLILFDQWSBRGWRWE R
ZLWKLQ WKH HFRV\VWHP +RZHYHU LW V LPSRUYWDHPN WR Q
FRPSRQHQWY PD\ LQWURGXFH OLPLWDWLRQV WR WKH VFRS
&RPSUHKHQVLYH TXDOLWDWLYH DVVHVVPH®OW HRU LG DDA
*DUEKDQJD )RUHVW HFRV\WWHP $VVHYVWXUQLD X WA W B DQ WV
DFFXUDF\ RI ELRPDVV HVWLPDWLRQDMA® (H F RNV VRIORD R HLUQY.
VXPPDUL]H WKH ILQGLQJV
L 3URYLVLRQDO 6HUYLFHV 8QFHUWDLQW!RUH WMWWILIPRGMX A
IURP PHDVXUHPHQW HUURUV WHPSRUDO DWQG VWIDMLDA
XQFHUWDLQWLHY DQG PDUNHW G\QDPLFV
LL5HJXODWLQJ 6HUYLFHVY 8QFHUWDLQWLHV PROHOM FWRR @ HP
QDWXUDO YDULDELOLW\ HVWLPDWLRQ HWKRIWYVW O@FHBR®G
FUXFLDO IRU HQKDQFLQJ WKH UHOLDELOLW\ RI HFRV\VWH
LLIEXOWXUDO 6HUYLFHV O9DULDELOLW)\ LREMHG® LPRDG LDMLAR ©
FKDOOHQJHV FDQ LPSDFW WKH HVWLPDWLRQPRI FXOWXUD



@amﬁiaaﬁbn and Valuation cf Forest fcosystem Services at garﬁﬁanga RF 2023-24

LY6XSSRUWLQJ 6HUYLFHV 8QFHUWDLQWLHU\WUENS NLRH WP
QDWXUDO YDULDELOLW\ GDWD UHSRUWLQJ DLQGXGN HEHS/HUW
IRU LPSURYLQJ WKH DFFXUDF\ RI VXSSRUWLQJ VHUYLFH T

(&2120,& 9$/8$7,21 2) (&26<67(0 6(59,&(6 $*$,167 7+( <($5

fSURYLVLROLQJ 6HUYLFHV :DWHU FRQVXPS\DIQREQ YDOXW® DV
IRUHVW SURGXFH _  DQGSHU FDSUADD <U

f5HJXODWLQJ 6HUYLFHVY &DUERQZKLBK LOFOXGHADDOO VWL

WHPSHUDWXUH UHJXODWIRQ ZDWHU UHWH«DWLRQ YDOXHG

+D <U

[EXOWXUDO 6HUYLFHV &XOWXUDO VHUYLFHV _ +D
f6XSSRUWLQJ 6HUYLFHV 6RLO QXWULHEW SRJURMHYLBRKYOHDYV
+HU

f$ FRPSDULVRQ DQDO\VLV ZDV FDUULBXHRRKW(&V R PRWWHYNUW R
FDUULHG RXW JOREDOO\ QDWLRQDOO\ E\ &RVWDQ]D ,,)0 %K

fTKH 1$9 RI WKH (6 RI *DUEKDQJD 5) IRU WKH \HDU RV FD
H[SHQVHV IRU PDLQWDLQLQJ WKH HFRV\VWH® IRAR W KHBIRWHD § V
7KH 1%$9 Rl *DUEKDQJD 5) VWDQGV<MW _ +D

,Q VXPPDU\ WKH HFRQRPLF YDOXH RI WXLIH $RIQKND\E OHHF RR/UV W
GHYHORSPHQW HPSKDVL]LQJ WKH FULWLF®OKXRBMNH ZGEHKIH B
SHFRJQL]LQJ DQG TXDQWLI\LQJ WKHVH YDOXHV DUFRYMHQ\
IRUPXODWLRQ DLPHG DW FRQVHUYLQJ DQBUVIVUWDHQIWEONW
JHQHUDWLRQV

17(535(7$7,21 2) ),1',1*6 ,1 5(/$7,21
72 5(6($58&+ 2%-(&7,9(6

7KH UHVHDUFK UHSRUW HQGHDYRXUV WRVWDVWHUG WHIW HDN\F K
ZKLFK DLP WR FRPSUHKHQVLYHO\ DVVHVV\WKHP HAROYRFIHA
*DUEKDQJD 5) 7KH UHVHDUFK XQFRYHUVQFUWLWLAROHMW LHK
VHUYLFHV IRU VRFLHWDO ZHOO EHLQJ RQRVEEWHHD O)KHH L% \RT W
DQG YDOXLQJ WKHVH VHUYLFHV WKHPDRVHBBHRRW LIPYGWIR OQ
WKH JDS EHWZHHQ VFLHQFH DQG SROLF\ IRU HIITHFWLYH IRUH

7KH UHSRUW KLJKOLJKWY WKH XWLOL]DWLHRWQNVRIE®DVKR VI P
VXFK DV WKH OLOOHQQLXP (FRV\VWHP RMVIFRVPHEYMP 0P Q @KL
7((% DQG WKH &RPPRQ ,QWHUQDWLRQDO &QRWVLILKDRXRK
ULJRURXV DVVHVVPHQW PHWKRGY WKH UBE¥HOUWK HIQWDWH\
HITHFWLYHQHVY DQG UHOHYDQFH

HVILQGLQJY LQFOXGH GHWDLOHG DQDORQNYXFRIWILRRH 8 /WK AT
SURGXFWYV ZDWHU UHWHQWLRQ G\QDPLFV WHRIIPC HHKDWXEW HU
WKH FDUERQ VLQN DQG R[\JHQ UHOHDVH DWWWWE MW G WWR \F
YDULRXV HFRV\VWHP VHUYLFHV QHFHVMLMPIHVOMY HBPUHRUW XG R
PHWKRGV QDWXUDO YDULDELOLW\ DQG PRGHO DVVXPSWLRQ
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,Q HVYVHQFH WKH UHVHDUFK ILQGLQJV XQ8HHV®ARHFHRW KHNHE
WR VRFLHWDO ZHOO EHLQJ DQG HFRQRPLF SRUFRRPILHULZRU WK\
XQGHUO\LQJ XQFHUWDLQWLHY WKH UHVHDUFKQQDWXDW R XQL
PDQDJHPHQW SUDFWLFHV DQG SROLF\ |IRH®KDOQMLRIQWKH HG
UHVRXUFHV RI WKH *DUEKDQJD JRUHVW HFRV\VWHP

,03/,&%$7,216 )25 )25(67 0$1$*(0(17 $1°
32/,&<

7KH ILQGLQJV IURP WKH TXDQWLILFDWLR®Y DQ G DADEXCOQN DR §
VLIQLILFDQW LPSOLFDWLRQV IRU IRUHVW PDQDJHH®DW HD:
XQGHUVWDQGLQJ RI WKH HFRV\WWHP VHUYLFHWHR MWK H G IEM (
LQIRUPHG DQG VWUDWHJILF PDQDJHPHQWPHOWFWKRNQG (SHE
SUHVHUYDWLRQ DQG HQKDQFHPHQW RI W KOH\WUHR O/HH UYL PHR/S ¢
ELRGLYHUVLW\ UHJXODWLQJ FOLPDWH DQG VXVWDLQLQJ OR

JURP D SROLF\ SHUVSHFWLYH WKH YDOXDMWMKHR @ XRE VMIRQMW\L\D |
FRQWULEXWLRQV RI *DUEKDQJD 5) WR WKH BHWWDNNWRK*'DBV $DU
VHTXHVWUDWLRQ ZDWHU SXULILFDWLR QW LR®G FIDOR W R X WILV\P
LQYHVWPHQW LQ FRQVHUYDWLRQ HIIRUWYV DRKD Q/KH \G HY Xl
SD\PHQWYV IRU HFRV\VWHP VHUYLFHV 3(6 &DBER®XQLNDLH
VWDNHKROGHUV IRU WKHLU UROH LQ SUHVHUYLQJ WKH IRUH\

$GGLWLRQDOO\ WKH VWXG\ SURYLGHV D EHQFHKP PHM KRG RIC
IUDPHZRUN IRU WKH DVVHVVPHQW RI IRIROQM HFERLVR VRADHNH V¥ U
IUDPHZRUN WR IRUPXODWH DQG LPSOHPHQW V¢ RDUH HIWHRKW IGY
HPSLULFDO GDWD 7KHVH SROLFLHV VKRXUOG FVWOIHRHNS RUKIDWH
LPSDFWV RI FOLPDWH FKDQJH HQVXULQJ WKH UWQHFWNMWRNVX

(GXFDWLRQDO RXWUHDFK DQG SXEOLF DZDVUKM\HNW\WBPSBRP
HQJDJHPHQW DQG VXSSRUW IRU IRUHVW FR@RPPXDWWR VL Q
PDQDJHPHQW SURFHVV DQG UHFRJQL]LQJ FWHKH LSR & IUFDLGIMNVEE RG
LQFOXVLYH DQG HIIHFWLYH

2YHUDOO WKH LPSOLFDWLRQV RI WKLV VVBXRIRRQGRDBYWR FMDI
D KROLVWLF DSSURDFK WKDW LQWHJIDOWHMW HERIORQIVY FD® L W
DSSURDFK QRW RQO\ HQKDQFHV WKH VXK WBQWHLEXIWWHVRW RR
JRDOV RI HQYLURQPHQWDO FRQVHUYDWLRQ DQG HFRQRPLF G

&21&/86,21

7KH FRPSUHKHQVLYH HYDOXDWLRQ RIV*DWHEKDYH® B) RP H RAK\G
DQG ILHOG GDWD XQGHUVFRUHV LWW®RGQRBPILFL¥DQWHH BR OHRW\L
QXPEHU RI YLVLWRUV EHQHILWLQJ IURP FXOWERRQ OV N HXINV Wi
WKURXJK SUHFLVH PHDVXUHPHQWYVY RI WUHH GRMPHYWLRQ ¥ DI
FRQVXPSWLRQ SDWWHUQV ZH KDYH TXDQWLILHEH WRE L PRW
UHJXODWLRQ DQG FRPPXQLW\ ZDWHU VXSSKQ *OREXDDIW L5)
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*XZDKDWL &LW\ KLJKOLJKWY WKH |IRUNVWRWY H RO R DW LH ID WA\
$GGUHVVLQJ SRWHQWLDO XQFHUWDLRBAL HAW U® QGIDWKD GFR® G\H
WKHVH ILQGLQJV 2YHUDOO WKLV VIRKGUBWHUFPVQW KD IFEK D\Q
GLYHUVH DQG LQYDOXDEOH HFRV\VWHM VHQ&LBHV DIKH |IDRE
DGYRFDWLQJ IRU HQKDQFHG FRQVHUYDWLRPHgW U DG LSR/
LOQWHUYHQWLRQV WKDW UHFRJQL]H CEQ® I$ILRWWH BW F\W KPHH DRAXH
WKH FRQWLQXHG SURYLVLRQ RI WKHVH HVVHRWLIDODQDEUYL
LPSURYLQJ WKH ZHOO EHLQJ Rl ORFDO FRPPXQLWLHYV
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5(&200(1'$7,216 )25 )8785( 5(6($5&+
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7R EXLOG RQ WKH ILQGLQJV RI WKLV UHVHDURDEQB POED HF
*DUEKDQJD 5) ZH UHFRPPHQG WKH IROORZLQJ

JRQIJLWXGLQD@REQWGXFMWAVORQJ WHUP PRQLWRULQJ RI IR
XQGHUVWDQG WHPSRUDO FKDQJHV DQG WAKID@GY BOE WK
DFWLYLWLHYV

%LRGLYHUVLW\ $FSBMPPOQWNRPSUHKHQVLYH ELRGLYHU
VSHFLHV GLYHUVLW\ DQG DEXQGDQFH YXUWHK PDUH VALWDLLWI
IXQFWLRQDOLW\

‘DWHU 5HVRXUFH OMYBIMPHPWH WKH LPSDFWV RI IRUHV
TXDQWLW\ WR GHYHORS LQWHJUDWHG ZDRWAK 1P DR\D\YHPHR
DQG FRPPXQLW\ QHHGV

6RFLR HFRQRPLH[SKOWRHIMNHUWKH VRFLR HFRQRPLF EHQHILW
ORFDO FRPPXQLWLHV LQFOXGLQJ QRQ WLPEHU IBUHVW
FRQVHUYDWLRQ SURJUDPV WKDW DOLJQ ZLWK ORFDO OL

(GXFDWLRQDO @E@XRDULHMHFISXEOLF DZDUHQHVV DQG HGXF
FRPPXQLW\ HQJDJHPHQW DQG VWHZDUGVKLS RI IRUHVW

7THFKQRORJLFDOSWMWHIJHBDMNAYRINQFHG WHFKQRORJLHV VXF
$, IRU PRUH DFFXUDWH GDWD FROOHRWILR®L RD OMWHV W K
HFRV\VWHP VHUYLFHV

&OLPDWH $GDSWDWHRE@GCR\SUD UGl JSBIRPRWH DGDSWLYH Pl
PLWLJDWH WKH LPSDFWV RI FOLPDWHXBKQOIJWKRQUI| FOWR:
VXVWDLQDELOLW\ DQG SURGXFWLYLW\

%HQFKPDUNLQJ IRU )XMPRIK EMXVBKHWPSRUWDQFH RI WK
IRU IXWXUH UHVHDUFK W SURYLGHV D IRXQGINWL®QD
*DUEKDQJD 5) RIIHULQJ D PRGHO IRU VLPLODU VWXGLHYV

SURWHFWLRQ IURPHYWYLBQH HVVHQWLDO IRU SUHHHQW
WKDW VXVWDLQV ODQG SURGXFWLYLW\RFX& HW RQRTX DD
DQG YDOXLQJ WKH HURVLRQ SURWHFWLRQ SURYYL $WEGDP\
HPSKDVL]LQJ LWV HFRQRPLF VLJQLILFDQFH LV D YLEUDQ

$VVHVVPHQW RI $QWKURS®RGHQVW BQEVYXUWMAKH FRPSOH
FRPSRVLWLRQ DQG DQWKURSRJHQLF SWHWWXIRH BV@DPD D
DQG FRQVHUYDWLRQ 7KLV REVHUYDWLRQ R SKH W DHHQIX
WUDLWV FRQIHUULQJ UHVLOLHQFH WKH LPHSIDIFRYD FR I RK
FRQVHUYDWLRQ PHDVXUHV )XUWKHU VWX G LRAAX VAL B PV HIX
LQIRUP VXVWDLQDEOH PDQDJHPHQW SUDFWLFHYV

SROLF\ '"HYHORSPHKQWWH DQG LPSOHPHQW SROLFXRHK WK
DV SD\PHQW IRU HFRV\VWHP VHUYLFHMN IBRBF HHH®W HR/H FX
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WR SUHYHQW LOOHJDO DFWLYLWLHV OLMHR®HIRIUHAVWE
PDQDJHPHQW SODQV IRU UHVWRUDWLRQ RI KDELWDW DQ

(FRQRPLF $XJPHIXWRWLRQWKH HFRQRPLF FRQWULEXWLRC
WR WKH BWDWH *'3 KLJKOLJKWLQJ WKH O VYNMDIDL I
PDQDJHPHQW 7KLV FDQ LQFOXGH WKH YDXDWDRGERR
VHTXHVWUDWLRQ ZDWHU SXULILFDWLRQ DQG HFRWRXU

(FRQRPLF 9DOXDWLRQ RI 2WKIHW URVHDMWFK\EHYO VHUYH
IXWXUH VWXGLHY RQ WKH HFRQRPLF YDOXDWLRQ RI RWK

6WDNHKROGHU & R@QMXIGIWDMWNLIRQVWDNHKROGHUYV LQFOXC
1*2V ORFDO FRPPXQLWLHV DQG DFDGHRBUIFU G QY WRW/RKMF
TXDQWLILFDWLRQ DQG YDOXDWLRQ RI QR/XKHWHWNVHBRAW \W KH
UHIOHFWV WKH QHHGVY DQG SULRULWLHV RI GLYHUVH VW

%HVW 3UDFWLBHWYLHZY HIZVWLQJ SURWRFROV DQG JXLG
TXDQWLILFDWLRQ DQG YDOXDWLRQ IURP UWH O,IGHIDOWL | Q E
SUDFWLFHV DQG OHVVRQV OHDUQHG WKDW FDQ EH DGDS

&DSDFLW\ %3XUR®GLGH WUDLQLQJ DQG FDSDFLW\ EXLOGL
UHVHDUFKHUV DQG RWKHU VWDNHKROGHUV RRQWNHR @
ZRUNVKRSY WHFKQLFDO DVVLVWDQFHYV B RQGONGXEBG WIQORYT
HFRV\VWHP VHUYLFH DVVHVVPHQW

SLORW 7HBLWRWI WHVW WKH VWDQGDUG SURWRWROLWQY
HITHFWLYHQHVY IHDVLELOLW\ DQG DSROLFDBLOHWG ELDX
SDUWLFLSDQWY DQG VWDNHKROGHUV WR LGHQWLI\ DUHL

J)LQDOL]DWLRQ DQG)LYVEPHQWWHRQVDQGDUG SURWRFRO
WHVWLQJ DQG VWDNHKROGHU LQSXW 'LRUNFKRBSWHVWRLE
SXEOLFDWLRQV DQG RQOLQH SODWIRUPV WR HQVXUH LV

%\ SXUVXLQJ WKHVH UHFRPPHQGDWLRQV IXWXBB WUWHLVEIOMH K
SUHVHUYDWLRQ DQG HQKDQFHPHQW RI *XUERDQURDW W KR WV
EHQHILW ERWK WKH HQYLURQPHQW D Q GW®RIF®\W DRRHP F/XQ 8 WTLK
ZLOO DFW DV D FUXFLDO EHQFKPDUN WYX LIBQ® JSRREVH GXHHFQ W
VXVWDLQDEOH IRUHVW PDQDJHPHQW
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$'',7,21%/ ,1)(5(1&(6 )520 7+( 678'<

R 0$;,080 &$5%21 6(48(67(5,1* 75(( 63(&,(6 ,1 *$5%+$1*$ 5)
7KH *DUEKDQJD 5HVHUYH J)RUHVW 5) SQWUBVWLRQXZKDLEG K R
IRU PLWLJDWLQJ FOLPDWH FKDQJH 'XUL @D WKUHHEBEQDIRFHY
VDPSOH SORWV LW ZDV IRXQG WKDW DPRQJ MV KMH KH. YVHBLHM
VHTXHVWHU PRUH FDUERQ LQ FRPSDULVRQ WHR RWKHUWRK
VWRUDJH FDSDELOLW\ RI FHUWDLQ V SHFLH VWRKIHWPWDH HR/X F7 K
VHTXHVWHULQJ WUHH VSHFLHV LQ *DUEKDXWDVE)FIDQUG R\OR V
IRU PRUH HIITHFWLYH IRUHVW P D Q DIW PRIQ W VDQIEWHH IL P IYWDHY |

JROORZLQJ WKH VXUYH\ FRQGXFWHG LQ *DUE®®D QRJDHBDHKHW
VSHFLHV KDV EHHQ FDOFXODWHG &RQVLGHUXS IJWR V FHFFEZK
DWWDLQHG DW DQ DSSUR[LPDWH DJH RI \DIDERQ SHHHXH V \8
SRWHQWLDO IRU REWDLQLQJ PRUH WDUJBWH GDIVQVH V SIHRLZ
FDUERQ VHTXHVWUDWLRQ UDWHY FRPSDUHG WR PQ VEXWHVW
XQGHUVWDQG WKH FDUERQ VHTXHVWUDWLRQ \SRRNHW WHE
GHYHORSPHQW 7UHHV W\SLFDOO\ H[SHULHQF D UWDSPE B WXL
VWDJHV JHQHUDOO\ XS WR DURXQG  \HDJQRW+KDFH GIXW DV
LV QRW FRQVLGHUHG IRU WKH DQDO\VLV 'XWHIX MKW HSH B
PRUH HIILFLHQWO\ DV WKH\ DUH EXLOGHQJWER R\PKDH/L\W DOND \&
PDWXULW\ ZKHQ JURZWK VORZV GRZQ <RXQJHU WGBHHV
FRQVHTXHQWO\ D KLJKHU UDWH RI FDUERQ X$WERB WRHI
DERYH JURXQG DQG EHORZ JURXQG ELRPDVV HQKDQFLQJ

6L &DUERQ VHTXHVWUDWLRQ SRWHQWLDO RI WUHH \
1o 1XPEHU RI WUHHV RI WSHFPHV L ZLWK "%+

% m %LRPDVV RI WUHH M RI VEBHHFLHV L ZLWK "%+
&L M &DUERQ FRQWHQW RI WRUHHAM RI VSHFLHV L ZLWt
(3 &DUERQ IUDFWLRQ RI ELRPDVV W\SLFDOO\

"% M ‘LDPHWHU DW EUHDVW KHLJKW RI WUHH M RI VSHFL

7TKH ELRRIWWVV "Rev' E
"KHUBD ®E@OBH VSHFLHV VSHFLILF VORSH DQG LQWHUFHSW F

7KH FDUERQ.LRROWHIKQW U H MLRE WGHFLHV L LV &

7KH WRWDO FDUERQ VHAXHMBUDWLRQ SRWHQWLDO 6

Xe) 6SHFLHV ZLWK ! 0 WRQ &DUI $YHUDJH F
W 3RWHQWLDO VLQN YDOX
JRFDO QD 6FLHQWLILF QDPRQH WUHH
%DQGL "\WR[\OXP ELQF}
6DP NRW $UWRFDUSXV FK|
*RPI *PHOLQD
ODNL 6FKLPD Z
+LO 7HUPLQDO|
KXGL B\J\JLXP IU)
3RF &KXNUDVLI
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2 "LOHQLD S
6l 6KRUHD
/DOS (XSKRUELD S
. XPUH &DUDUE
7DUDI +DOGLQD
-DDP 6\]\JLXP FXPLQL
_KRNDQ 'XDEDQJD JUDQG
3D BWHUHRVSHUP>
6RQ &DVVLD
-LDS /IDQQHD FRUI
% R K 7HUPLQDOL
XK %ULGHO
$K 9LWH[ D
.RU $OEL]LD
BHJIXQ 7HFWRQD JUDQ
6LULV $OEL]LD OHEEH
3DVE 9LWH][ FC
$PD 6SRQPDQJI
_.DQFKDQ %DXKLQLD YDUL
6LQGXU %L[D RUHOODQ
OR S3LWKHFHOOREL X

,Q DVVHVVLQJ WKH FDUERQ VHTXHVW UDW LIR@ FF MSOHE IGAMNDL I ¥
VDPSOH SRLQWYV D WKUHVKROG RI PHWHG DWR @K HR IE AU
IRU KLJK FDUERQ VHTXH\VSMGDKMRRLJRIQWEBO D QQ B%IDME O UR QUW
FULWHULRQ VSHFLHV KDYH EHHQ L &N QWRLDLAHVG DW A BEKW L
D FUXFLDO UROH LQ PLWLJDWLQJ FOL PR QF DEY RH SWKLLRRX J
FDSDFLWLHVY 7KHVH VSHFLHV VXUSDWVY QN KWW KH\ W DVELG Q\LK IHRD
FROQWULEXWLQJ WR HQYLURQPHQWDO VXVWDL@WEQD LWK HDVHG
FDUERQ VHTXHVWHULQJ WUHH VSHFLHV VKRX®& ERQSSUR M H\
PD[LPL]H WKH EHQHILWYV RI FDUERQ FDSWXUH DRQWLRRQWWUB X
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Species wise Carbon Sequestration Potentential of > 0.1 Metric Ton [Tree

1M B gug

[ 1R LT M

= T E EE XS P IEEGEREEEEECLLREGOEE
IR T T
a £ = 8

%\ SULRULWL]LQJ WKH LGHQWLILHG WABRQHDWSH BVNV VIVDH
5HJHQHUDWLRQ SURJUDPV IRUHVW PDQDJHP HQWH¥Q DW
FDSDELOLWLHV 7KLV VWUDWHJILF DSSURBBK R BEXRQDO KR
ELRGLYHUVLW\ VXSSRUWV HFRV\VWHP VHUY LRB0 HPGI® WR
WKHVH UHFRPPHQGDWLRQV ZLOO SRVLWLRQDW. R\LIOHD URIRHI
FOLPDWH FKDQJH PLWLJDWLRQ HIIRUWYV

R $17+5232*(1,& 35(6685( 21 63(&,(6
$QWKURSRJHQLF DFWLYLWLHVY SDUWLFXODUO \*DOBKDIQID
SHVHUYHG )RUHVW HFRV\VWHPV 7K QW DWWR @ LSWLRFH G Y M\
DOWHUHG IRUHVW VWUXFWXUHV FKD UDWW & U D]IHRG/ BN R RTXXDX
LPSDFW Rl VXFK SUHVVXUHV RQ WUHHEDSEBPLBYVHD DESD O$Ve

VTXDUH PHWHUV FRUUHVSRQGHQIUWR 3'BEHU Y HV BH/MW
LQGLFDWRU RI VLIJQLILFDQW DQWKURSRJH Q LFHSEMWINX WH H
YDULRXV WUHH VSHFLHV WR DVVHVV S8KALLPSD® ®/\ R I0DWK
UHJHQHUDWLRQ LVVXHV

%\ HPSOR\LQJ D WKUHVKROG %$ RI VTXDUHX®EWH U
WUHPHQGRXV SUHVVXUH B6SHFLHV ZLWK %I$J 9D OLFIDD & HELR/Z
RYHU WKH ODVW GHFDGHV 7KHVH GLVWXUER®BSRY LKADLYRD
GLDPHWHUV DW EUHDVW KHLJKW '%+ Q@RI D HWDF MW IRD @ D WKH
WUHHV 7KLV PDWUL[ KLIKOLJKWYV W KIMQIG[ WK & WUROD RQ.D WD
IRUHVW UHJHQHUDWLRQ DQG VWUXFWXUWRRYEHYDWQRQJV
WR PLWLJDWH VXFK LPSDFWYV

'DWD &ROOHFWLRQ %»DVDO DUHD PHDVXWHPHOWSHZEH
DFURVYV GLITHUHQW IRUHVW UHJLRQVZDOXH G|

UHFRUGHG DQG %$ ZDV FDOFXOD\A?’%}% XVLQ.
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7/KUHVKROG '"HWHUPLQDWLRQ $Q DYHUDJH %$DR/MI WKH FWLX
WKUHVKROG 7UHH VSHFLHV ZLWK %$ YDO X
LGHQWLILHG DV EHLQJ XQGHU WUHPHQGRXYV
$QDO\VLV 7KH GLVWULEXWLRQ RI %% YBODXH@W R
DOWKURSRJHQLF SUHVVXUH RQ HDFK VSHF
EHWZHHQ VSHFLHV ZLWK %% YDOXHV DERYH

/KH DYHUDJH EDVDO DUHD RI DOO W K DMJH AHHWEH F 6K VWA
YDOXHVY EHORZ WKLV WKUHVKROG ZDV FRQVHGHKHE H V)
SUHGRPLQDQWO\ H[KLELWHG \RXQJHU WUHH FFRP IR OIDW¥NR
PDWXUH ODUJHU WUHHYV

7KH SULPDU\ GULYHUV RI WKLV SUHVVXUHHJHROHNXUTHVLRQH J
SDVW GHFDGHV WKHVH DFWLYLWLHVQVDRH BDW XK @& WWHGH W
IRUHVWY GRPLQDWHG E\ \RXQJHU VPDOOHWMWVHKIY H ROI\G
UHPRYDO RI PDWXUH WUHHV UHGXFLQJ WKSHBYHW D3R V¥ +C
UHJHQHUDWLRQ KDV EHHQ LQVXIILFLH QM WK WH 80 D RH\ RXKG
VWDQGV ZLWK VPDOOHU '%+ YDOXHV
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tverage BA-Species Relationship
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$QDO\WVLV RI WKH %DU *UDSK
< $[LV 5HSUHVHQWYV WKH DYHUDJH %$ %DVDO $UHD RU DC

7TKUHVKROG $SSOLFDWLRQ
7KH UHG OLQH DW %$ PDUNV WKH WKUHWXRHG 68 H FW
ZLWK EDUV EHORZ WKLV UHG OLQH DUH FRQVLGHUHG XQGF

6SHFLHY %YHORZ 7KUHVKROG %$

7KH VSEBMW.D +HOXP %DQ %RJRUL *RQGKVRURL .RW
ODNKLRWL -DUND /RWDJRV %DQPDOD 1XQL OHMBR@INRU
ODNXQGD ORLQ 7KHNHUD 'LJKORWL 3DVSDWLD &WKDWJ
BONQRZQ 6DXOGKRZD ORM 3DQLMDDP OLUWHQXWD. R'IX@GIK
NXUL .RURV /DUXERQGKD 7LQSRWLD .RURLEDUWBRW.LDRXDP
OR\RQ WHQJD 2X .XKLU 6LGKD .XPUHQJDQXOWXIGUIRWD BR C
$]DU 3DODVK -LDSRPD $VXKRWILOLE®WD QAHJBLPOQLILFDQW DQ
VXFK DV KDELWDW GHVWUXFWLRQ SROOR@YWLERQWVVUFDWHF
VKRXOG EH SULRULWL]HG IRU WKHVH VSHFLHVYWR IPHWLJD\

6SHFLHVY $SERYH 7TKUHVKROG %$ o

7KH VSHPUKWROD 7RWHOD -DDP 2GDO 6RSD 'LPDUX /D
6HJXQ ORGDU $PDUD 3DUROL %KHONRU 6DPNRWKDO
.KRNDQ 7DUDNVRSD /DKDP 8ULDP %RQ $DP -DOSRRDX+LC
$DP .DWKDQGD %KROD /DOL .RWKDOPDREBURR 3B NWHYV L¥
DQWKURSRJHQLF SUHVVXUHV RU LQKD BV K HUR R QAQ BIHWKL |
WKUHDW RQJRLQJ PRQLWRULQJ DQG FRQVHUYDWLRQ DUH

)XUWKHU ITURP WKH WUHH HQXPHUDWIHRZQVGS B WILH U (ZIXQ KL B L
DYDLODEOH DUH KDYLQJ KLIJKHU %$ )R @®@QRXMW IVH H DDNRBL\
WUHH VSHFLHVY WKDW DUH VFDUFHO\ DWDQ ODUEHIH  Po[¥K L B LW\
VHYHUDO SRWHQWLDO HFRORJLFDO DQG DQWKURSRJHQLF

(FRORJLFDO DQG $QWKURSRJHQLF ,PSOLFDWLRQV

/IRZ &RPSHWLWLRQ

6FDUFHO\ DYDLODEOH VSHFLHV ZLWK KLGKIRHGD ¥FRB BB M Lo
UHVRXUFHV VXFK DV OLJKW ZDWHU DQG YWXWUURQWVKHL
UHVRXUFHV HDFK WUHH KDV PRUH DFFHVV WR ZKDW LW Ql

+DELWDW JUDJPHQWDWLRQ

7KHVH VSHFLHV PLJKW EH JURZLQJ LQ LVRODWMNGWULVUD JF
PLQLPDO )UDJPHQWDWLRQ FDQ FUHDWH VPIXEM HEWROD WR
DQG RWKHU DQWKURSRJHQLF SUHVVXUHV

5HVLOLHQFH WR $QWKURSRJHQLF 3UHVVXUH

+LJKHU %$ LQ VFDUFHO\ DYDLODEOH NBHHV KW FRXIMX HQBQ
WR DQWKURSRJHQLF SUHVVXUHV 7KH\RP VXKW LSRV V@ VAR VG
DUH OHVV IDYRXUDEOH IRU RWKHU VSHFLHV WKXV JURZLQ

6XUYLYDO RI ODWXUH 7UHHYV

7KH SUHVHQFH RI ODUJHU PDWXUH WUV HYRRQ W KB WU WH
KDYH QRW EHHQ VXEMHFWHG WR UHFH @NKIIHVONORQLIF D W3 H
DOWKURSRJHQLF LQWHUIHUHQFH DOORZLQJ WKHVH WUHH
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6HOHFWLYH /RJJLQJ

, I WKH VFDUFHO\ DYDLODEOH VSHFLHWRDYHWHGKGHVN FIR(
LOOHJDO ORJJLQJ WKH\ PLJKW EH OHIW B$WBHUIHGCZKEBDF
UHPRYHG 7KLV VHOHFWLYH ORJJLQJ UHWVEKKDWR | VMPKW KH @ XU
VSHFLHV

&ROQVHUYDWLRQ (IIRUWYV

, W PD\ DOVR EH LQGLFDWLYH RI VXFFHVVIXO FRQMHUND WULF
DOQOWKURSRJHQLF SUHVVXUHV $UHDV ZLWKUHWBE® LOBPIUBR(
WUHHYV UHIOHFWLQJ ORZHU OHYHOV RI KXPDQ GLVWXUEDC

&OLPDWH &KDQJH HIIHFWV RQ VHHG JHUPLQDWLRQ
&KDQJHV LQ VRLO FKHPLVWU\ DQG PLFURELIHO DOWR YS.OD\ [
UROH ,QVHFWYV DFWLQJ DV VHHG S UH\G DFDRU VOQREW N BIVEM R H
DQG UHGXFH VHHG DYDLODELOLW\ 3DWKRJHQIGFBX 6 OL M
FKDQJH DIIHFW VHHG YLDELOLW)\ DQG RGIRIEFED®DI WKLARHN
VHHGY WR JHUPLQDWH DW VXERSW RP 3@ BVQ\W HVR PALAQULVSIVAH
SRSXODWLRQ RI FHUWDLQ SODQW VSHFLHWKXQWD POM LDQ/C
ELUGV WR IHHG RYHU VHHGY Rl DOWHUQDWLYH VSHELHYV

R %,2',9(56,7< ,1'(;
7R FDOFXODWH WKH ELRGLYHUVLW)\ LW ®HI[HI® W W/ IGHH @& HUWF H(
DEXQGDQFH RI HDFK VSHFLHV LQ WK H UDALVWW IW@RGVH] CFADLQD B H
XVLQJ WKH 6KDQQRQ :LHQHU GLYHUVLW\ LQGH[ IRUPXOD

+ e+ AlgS 0Q S

:KHUH

+e LV WKH 6KDQQRQ :LHQHU GLYHUVLW\ LQGH]

SLV WKH SURSRUWLRQ RI LQWKW.SHKBDLAHIW EHORQJLQJ WR Wi
6 LV WKH WRWDO QXPEHU RI VSHFLHYV

6SHFL &RX 3URSRUW 0Q S 3URSRUWICRD S
W
$DP
$KRL
$PORN
$PDUL
$VKRN
$MDU
%DQG
%DQGD
%DJKQ
%RQ %}
% KDW.
%KHOTI
%KRO
%RQPL
% R K H
%RQ $
% R UW K
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% URME

%RW J

&DVVI

'‘HDG 7

"KXQD

'LPDU

'"LIKOF

'"XGK N

*RGD -I

*RPDU

*RQGK\

+HOXF

+LO JR

+LOLN

+RZUL

-DDP

-DOSK

-DUL

-DURN

-LDSR

-RUL 2

- XWX

.DGDP

.DOL

.DQFK

.DWKD

KXGL N

.KDVL
9D G

.KRNR

.XOWL

.DQFK

.RLQT

.RUGR

.RURL

.RURYV

.RWKTEL

RWRL

XPUHC

XKL

. XPUHC

L.ULVKQ

.XOWL

IDKDP

/IDOL

IDOSR
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IDUXER

/IRWDJ

ODNKL

OLUWH

ORGD

ODNUL

ODNXQ

OHMDQ.

ORLQ

ORM

OR\RQ
W H

1XQL

2GDO

2X

2[L

3DNU

3DOD)

3DQLM

3DQ 6F

3DVSD

3KXQ.

3RPD

3RQLF

3DUR

6DO

6DOPR

6DP NR

6DQJC

6DX0OG

6HJIXC(

6LPRC

6LGKI

6LQG)

6LUL)

6RQD |

6RSD

6 RWLF

7DUDN

7TKHNH

7LQSR

7TRNRLU

7TRWH
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8ONQR

7TRWD




@amﬁicatmn and Valuation of Forest Ecosystem Services at g-'arﬁﬁanga RF 2023-24

$ 6KDQQRQ :LHQHU LQGH]

L H

6KDQQRQ :HLQHU %LRGLYHUVLW\ ,QGH[ LV

DOVR NQRZQ DV 6KDQQRQ HQW

LOGLFDWHY D UHODWLYHO\ KLJK OHYHX@G HL FRIQWH.GHLUD
6KDQQRQ :LHQHU LQGH[ PHDVXUHV ERWK VSHFLHV BUFK®I]
DQG VSHFLHVY HYHQQHVV KRZ HYHQO\RW®KHWIKMGYSHEXBD V
BKDQQRQ :LHQHU LQGH[ VXJJHVWYV JUHDRXQ W QRN RIQ/D\\ BAF

R

'LHQHU LQGH][ RI

VSHFLHVY EXW DOVR WKHLU UHODWWLYH WHBEXQ®GDODIHA\H YV, C
ZRXOG LPSO\ WKDW WKHUMW UNHFRONI

SUHVHQW ZLWK D UHODWLYHO\ HYHQ GUWHQW ESWERIQVR 17 K
LQGLFDWH D KHDOWK\ DQG HFRORJLFDOO\ EDODQFHG HFR\

7KH OLVW Rl 7UHH VSHFLHVY FRXQW DV SHU DYDLODELOLW\

/JRFDO 1 6FLHQWLILF 1 1RV REVHUYHG LQ VD
9HU| 6FDU ORGHU +LJK 9HU
6FD L +LJK

|
$D ODQJLIHU
$VKI 6DUDFC
$M IDJHUVWURP
%D Q
%RQ % =L]LSKX\
% K BHPHFDUSXV

%R Q ODJLIHUD

%RUW *DUFLQLD SH

% UR N =DQWKR[\O X

% R W YLEXV EHC
&DV &DV VLD
'HD G

KX &DQDULXP U

*RID - B\JL]ITUXWL

*RQGK &LQQDPRPXP J

+HO

+LO JI 3UHPQD P

D YLEXV W
DU
“RUL BWHUFXO|
“XV $OWLQJL
DG 1HRODPDUFN
D
_DWK | TUDEHUQDHPROQ\
XOW
RL
_RU $YHUUKRD |
.RU 3RQJDPLD
RW $UWRFDUS X\
RW &RUGLI
_ULVKC "HORQOL
/DK %DOLRVSHDUP

PSOH
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JRW I YLEXV PDF
O0DNK YJOHPLQJLD )\
OHMDC JLWVLHI
OR\RQ \ &DQWKLXP
1X ORUXV
2] "LOOHQL
3D YLEXV U
3DC %XWHD PR
3DQL 6\]LJLXP PD
3DQ | ODJQROLE
8UL %LVFKRILI
3RC JODFRXUWL
6D Q
6D X O C *O\FRVRPL)
7RN ODUJDUDW
7RV
%DQGL | '\WR[\OXP ELQF
% D J K JLWVHD .
6RW $OVWROQLI
%RQI &DOOLFDU
XK %ULGHO
8QNQ
$K 9LWH[ D
-LDS /DDQHD FFHO
"X G K +RODUUKHQD D
.DQF %DXKHQLD
ODNLU 6FKLPD 7
2@ BWHUFXC
2 '"LOOHQLD
6l BKRUHD L\
6HJ 7HFWRQTL
6LC IDJHUVWURHP

"R 5(*5(66,21 02'(/6 2) 67(0 92/80( DQG $*% 2) 75((6
6WHP ELRPDVYV DQG DERYH JURXQG ELRPBIVAD WD QRD BWHH
JRUHVW DUH FDOFXODWHG XVLQJ FRPSVUNKH®WODYV IRH GG D
EUHDVW KHLJKW '%+ LQ PHWHUV EROH KH HNMLPWWHHYV
ELRPDVV D IRUP IDFWRU LV DSSOLH® WROAD &/FX@MNW H
DFFXUDF\ LQ WKH PHDVXUHPHQW RI WKH WUXQWN JW R RIOW P H F
DUH XWLOL]JHG EDVHG RQ WKH VSHFLILGJFLRREZ Q@ WHKMLYH FID A
WKH FURZQ V YROXPH %RWK VWHP D@®MXVUWHEG ELFPPIDMWLS
E\ WKH ZRRG GHQVLW\ DQG WKH ZHLJKW RI D X8 HWWLR®!XF
\LHOGLQJ WKH ILQDO ELRPDVV YD O X HVDIRWHIGEDE B WIS 5 RLLEW
PRGHO KDV EHHQ GHYHORSHG IRU WKH  PD®RUHVBHELRU
SURYLGLQJ D UHOLDEOH PHWKRG IRU HVWLFDMQWWJGHWRP D
UHPDLQLQJ VSHFLHV KDV LPSHGHG WKH GHKR®QR SWPSIQRNL
KLIKOLJKWLQJ WKH QHHG IRU IXUWKHU GDWDIN FR®QRDWLR
DOO VSHFLHV ZLWKLQ WKH UHJLRQ 7KLV XQBHAKY PRIUEH G L
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DFTXLVLWLRQ WR UHILQH ELRPDVV HVWWPPWDDRQMPHEQW
FRQVHUYDWLRQ HITRUWYV +LJKHU 5 6TXDUHG YDOXH LQGLF

6SHFLH 6WDQGLQJ WUHI| 5 6TXDL $*% LQ .*

9ROXPH LQ & 9DOXt

$KRL 9 "% + 5 $* % "% + 5
$PDUD| 9 "% + 59 $* % "% + 59
$PORNK 9 "% + 50 $*% "% + 59
%DJKQO 9 "0 + 58 $*% "0+ 58
%DQPD( 9 "0 + 58 $*% "0 + 58
%KDWJIL 9 "% + 50 $*% "% + 59
%QKHON| 9 "% + 50 $*% "0 + 59
%RKHU| 9 "% + 59 $*% "% + 50
'LPDUX| 9 "% + 50 $*% "% + 59
"XGK NX| 9 "% + 59 $* % "% + 59
*RPDUL 9 "% + 59 $*% "% + 50
+RZUD | 9 "% + 508 $*% "% + 50
-DDP 9 "% + 59 $*% "% + 50
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JRX < =KRX * DQG :DQJ - &DUERQ 6WRUDGRJI\N® @®F

ODQDJHPHQW

6FXUORFN - 02 'D\WRQ '& DQG +DPHV % VRREBERR

%LRPDVV DQG %LRHQHUJ\
"KWWSV ZZZ LQYHVWRSHGLD FRP WHUPV P PDUNHW

DSSURDFK DVS a WH[W :KDW .,V WKH ODUNHW $SSURDEFK
)

*KWWSV 7277Z VEFLHOQFHGLUHFW FRP WRSLFV VRFLDO VFLHQFH
PHWKRG a WH[W 6WDWHG SUHIHUHQFHV PHWKRGYV DUH

FKDQJH

'KWWSV DVVHWVY FDPEULGJH RUJ IURQWPDWWHU

"KWWSV ZJELV FHV LLVF DF LQ HQHUJ\ SDSHU &BPHERKV WEHITH
FDUERQ LQ :* LV SHU WRQQH

-KWWSV 7277 JRRIJOH FR LQ XUO"VD WDOQGVRXUFH ZHEDQGUF

HVHDUFKJDWH QHW SURILOH $UYLQG 6LQJK SRVW KLFK FU

HFRORJLFDO SRWHOWLDO RI WKH UHJLRQ IRU WRXULVP GHYH

FDOFXODWH DWWDEFEKPHOW G F E D $6 $
GRZQORDG

FKDSWHU % SGIDQGYHG DKS8.(ZL MGI][QXD)$[;I5PF++8%9%$S44]

9DZ :;04*8&24 %M-'SRI)

'"KWWSV LLIP DF LQ XSORDGV PHGLD IHVYD XD SGI

SKWWSV ZZZ DWUHH RUJ SXEOLFDWLRQ

IKWWS ZZZ LQGLDHQYLURQPHQWSRUWDO RUJ LQ ILOHV YDO|
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2KWWSV 777 VelV XVGD JRY SXEV JWU XQFDSWXUHG JWUBVF
SKWWSV 77ZZ UHVHDUFKJDWH QHW SXEOLFDWLRQ LHVB:RR
‘AKWWSV _ IVL QLF LQ LVIU FKDSWHU SGI

SKWWSV  7Z77Z GRZQWRHDUWK RUJ LQ QHZV FOLPDWH FKDQJH
PDUNHW LV JURZLQJ H[SRQHQWLDOO\

SKWWSV 777 LQGLDPDUW FRP SURGGHWDLO R[\JHQ F\OLQGH!
"KWWSV 777Z ZRRGZRUNHUVVRXUFH FRP ZRRG PRLVWXUH FR(
SKWWSV FFH QDVD JRY YHJ GELRPDVV

SKWWSV 7Z7Z UHVHDUFKJDWH QHW ILJXUH 0REXWXIUMH AR Q M/UHL
PHOWY FDWHJRUL]JHG E\ ELRPDVVBWEO B

- KWWSV 27277 IV XVGD JRY QUV SXEV MUQO QUVB

"KWWSV 72727 UHVHDUFKJDWH QHW ILIJXUH ORLVWXUH FRQWH(
“*KWWSV 7277Z UHVHDUFKJDWH QHW ILJXUH 'DLOA VRMMHU FRQV
HEFRQRPLF JURXSY LQ 'KDQL ORKDEEDWSXUBWEO B

TKWWSV 72727 DEEXZHDWKHU FRP HQ LQ JXZDKDWL MXQH
$SKWWS PIXLU LQIOLEQHW DF LQ ELWVWUHDP '‘DYL
U\ SGlI

$%KWWSYV  7Z7ZZ UHVHDUFKJDWH QHW ILJXUH (VWLPDWWRQ RI S
QLWURJHQ SRWDVVLXP

SKRVSKRUXVBWEO B a WH[W 6RLO S+ XQGHU WKH
$¢KWWSV  VPDUWQLWURJIJHQ FRP VPDUW WDON QLWURJHQ IXQ
ORVV a WH[W 1LWURJHQ DSSOLHG WR WKH MRWDREA O
DOG YRODWLOL]DWLRQ

$KWWSV Z77ZZ UHVHDUFKJDWH QHW SXEOLFDWLRQ B67%
5B/,1(B5(6(59(B)25(67B2)B+%$,/$.$1'' B'.675,&7B%$66%0

$(KWWSV 77Z UHVHDUFKJDWH QHW SXEOLFDWLRQ BFEFR@®6RI
WHOQWBDOQOGBLWVBLOQIOXHQFHVBROBVRLOBZDWHUBKROGLQJBF
6LYDVDJDUBGLVWULFWBRIB$VVDPB,QGLD

HKWWSV  QLKURRUNHH JRY LQ VLWHYV K6 KMOQ WS5IH DUHNYV HRMDB
SGI

$"KWWSV 7Z7ZZ QFEL QOP QLK JRY SPF DUWLFOHV 30&

S*KWWS 777 XLJL FRP R[\JHQBTXDQWLW\BFRQYHUW KWPO




@amg[icaﬁfon and Valuation cf Forest fcosystem Services at garﬁﬁanga RF 2023-24

020(176 &$3785(" '85,1* :+2/(
(;(5&,6(



@antg[icaﬁfon and Valuation of Forest fcosystem Services at garﬁﬁanga RF 2023-24



QL,tantij'ication and Valuation (j Forest .‘Ecosystem Services at garbhanga RF 2022-2

%87.21 2) ), (/' ., 7




@antg(ication and Valuation of Forest fcosystem Services at garﬁﬁanga RF 2023-24

$77(17.9( 7($0 0(0%(56 '85,1* '(%5,(),1* 6(66,216




Qb,tantiﬁcaﬁon and Valuation (j Forest .‘Ecosystem Services at Q—;arbhanga RF 2023-24

3+272 6(66,21 %()25( &200(1&(0(17 2 /'




yantification and Valuation of Forest Ecosystem Services at Garbhanga RF 2022-24
Y g

0$1(89(5,1* 728*+ 7(55%,1




6 (

5&

2L

hanga RF
/ 1

X

=
S
On
o
<
v
S
=2
=
S

~
S8
<

1 5,*25286

] - -
5 B, 1
. _..._F..f,up.. i T

625

(j Forest .‘Ecosystem
%

$%

Valuation

QL,mntiﬁcaﬁon and




QL,tantij'ication and Valuation (j Forest .‘Ecosystem Services at garbhanga RF 2023-24

: e e
21 0($685,1* 92/80( 2 6&+$5*(




@antg[icaﬁfon and Valuation of Forest fcosystem Services at garﬁﬁanga RF 2023-24

6$03/(6 %(.1* &2//(&7(' DOG 3$&.(' )25 /$% $1%$/<6,6




@antﬂfication and Valuation of Forest fcosystem Services at garﬁﬁanga RF 2023-24

VTN R

(1-2<,1* 020(176 2) %5.() 5(&(66 .1 %(7:((1 ). (/" :25. 6(66,216




@antﬂfication and Valuation of Forest fcosystem Services at garﬁﬁanga RF 2023-24

(1*$*(" 1 &219(56%$7,21 ., 7+ 9,//$*(56 '85,1* 62&,2 (828 B859(<




@antﬂfication and Valuation of Forest fcosystem Services at garﬁﬁanga RF 2023-24

17)3 DQG 0)3 &20021/< 2%6(59(' '85,1* 62&.2 (&2120,& 6859




@antﬂfication and Valuation of Forest fcosystem Services at garﬁﬁanga RF 2023-24

)25(67 )22' 352'8&7 2%6(59(' '85,1* /2&%/ 0$85.(7 6859(<




,6&866, 1* 7+(9%/8( 2) &8/785$/ 6-(59 & (6 2) *$5%+$1*$ 5) :

9,6,7256 7285 23(5$7256 DQG 1*26




,17(516 )2&866(' 21 '5<,1* DOG :(,*+7 $1%/<6,6




81'(567$1',1* 7+( 3(63(&7,9( 21 9%$/8( 2) &8/785%/ 6659, &(

1520 81,9(56,7DC6&+22/ 678"'(1¢




'$7% &2//(&7.21 )520 *297 DOG &25325%$7( 2)).&(6 2129%$/8%7,

2) :$7(5 6725%*( DQOG 86(




*/,036(6 2) )(: )/25$ DOG )$81% (1&287(5(" ,1 7+( ), (/"













