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EXECUTIVE SUMMARY

This study, based on project analysis, stakeholder consultations, field observations, and
relevant literature, presents a comprehensive recommendation for the sustainable and
integrated management of forest resources within the Ratuwamai Plantation Project area. The
findings underscore the need for a multi-faceted approach tailored to the area's ecological,
economic, and social contexts.

Key Recommendations:

1.

Sustainable Forest Management (SFM) of Sal Forests

A silviculture-based, scientific forest management system is recommended for natural
Sal forests. This includes developing detailed SFM plans and revising the current 80-
year rotation period to approximately 60 years, aligning with timber market demand.
An irregular Shelterwood system is proposed as the most suitable harvesting method.

Clear Felling and Replantation of Eucalyptus and Teak Plantations

Mature plantations should be clear-felled and replanted with appropriate rotation
periods (15 years for Eucalyptus, 20-30 years for Teak). Given the project’s initial
objective of supplying fast-growing timber, this approach remains valid and
ecologically feasible for the area.

Promotion of Agroforestry and Private Sector Engagement

Reintroduction of intercropping Non-Timber Forest Products (NTFPs) and Medicinal
and Aromatic Plants (MAPs) during the early plantation stages is recommended.
Collaborations with private enterprises can support essential oil production, enhance
local employment, and stabilize timber markets through Public-Private Partnerships
(PPPs)

Integration of Ecotourism and Community Use Areas

Select Forest areas should be developed for ecotourism and recreational use (e.g.,
children’s parks, sports grounds), in partnership with local governments (Palikas).
Revenues will be shared and reinvested in forest management. Special attention
should be given to religious and environmental considerations, including the creation
of artificial lakes for groundwater recharge.

Zoning and Land Use Allocation
Out of the total forest area, it is proposed that:
o 250-300 ha be managed for timber production from Sal (Active SFM),
o 2,400 ha for Eucalyptus and Teak plantation management (clear feeling and
NTFP/MAP intercropping)
200-300 ha be conserved,
100200 ha be allocated for ecotourism and recreational purposes- managed
by the two Rural Municipalities of the area.
This zoning will result in the sustainable management of approximately 2,700
ha of forest.

6. Institutional Framework and Governance

The success of the Integrated SFM Model depends on a robust institutional framework. It
is recommended that the Ministry of Forests and Environment of Koshi Province lead the
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implementation, with oversight from a multi-stakeholder Management Committee chaired
by the Provincial Secretary. Active involvement of federal, provincial, and local
governments, as well as private sector stakeholders, is essential.

EXECUTIVE SUMMARY IN NEPALI

AT BT (bt AHATT UF 093 AT a7 darar [qerg afafq (faam) o<
2033 AAR a9 URTER Tk AfAfa €T YU €7 | a9 Yarar faer atafaer aw
qoT 9 -G HATAIR] HIAAHT I8 B AT Ty | I (qebrg FHfden I¢ed
fBaT e @ YIae! I HFEATI HThd ®18, TTI TAT I+ I UGTARHT IeaTa
T, ATATSAATESe ITATE TLHT a7 TSTAReRT GEIaRT, fashl qar 3mafd aa=am= T T
AT ARAR T& T AAdATATs ASHIH da9Y Y& T Ehl & | e ad
YeraR fasra AT SHERATITHT IRRATS a9 faehrd IS+ ¥ ITqarArs FeRrau
AT FoaTAd S | a9 JaraR fasrg afafaer R faxia drqere wrar e
Afde a9 034 /3% 3@ TTATHTS AR SATISHAT % RS 27 | TG ATATSATR!
FATAT HHA TSATART TST 7. 3, HL@THT TEh! S |

TAATHTE JERITI ATATSIAT TaHT HreblgHTs Aal, TRHAT IqaT @ral, IaTHT SATH
TSTedATehl =Tl TSAIART T A AIRATAS], SATAT Whrar  FTearer  ferareraradt
TARATIART, FHA MSANART T THEF ANRANABIR Td A=H AHAN ATT ARl
FTeTebT 39R%.39 BT hiAUH! 3 |

ATATSIAT &7 YTehlieh ¥ FEARMU T T3 [BITHBT a7 e, | ATATSTHATR] IAL AHeb]
FATETITH &THT ATl FSATAR] ATGAT Taehl Tebider a7 Taehl | Y YTh(dd a-ehl
FA AT /S ¥Y T EH G | AR ITHT ST @ feb, Hha1 T a0 Iolides
FEARUT RS @ | AT 9. 093/09% | F3@T & (FFTECHE 7. \9) AT TETTeh
FTHT TT=-919 AT ToR T ARSI SH JHARMII TRTH B, | TR ATqACh ATATSTATH]

gl [FART J97 SSWSHT Tehidd FUAT g HUH! [qH ISTiqerl F@es T hiel

EATHT T Tara |

TIATHTS FEARITI STATS % TAT HFATSHEHT (AT T T FEIe qIT I [Threren
FFHHES oo &4 ATTH G | AT HHTEHEES TI-TR=T q97 ITL-TMET0 feerrara
fATOT ARTRT AT 7T AT TSh GETsUbl @ | FFAEHE TFR ¥ AT ATAR! TThIAh
a9 TEH G A BEEHE T, R, 3 T IR T STEAT ¥ T BFEECHEBEHT [debehl
FEARU TTRTHT G | AT 9 TaT FFITEHEETH] HAATH] &R TRTH G |

AP FATATTHT IRCHIV &l ETATFH ATAR] YTR(q® a7 ST T qIT bl
Ifawg | AT a9 &Rl faRl SqHT SHERATIA AURT S | I &FHT 1S 313, T, Rrdy
a_rl_Q ~ \Sﬁ $° ~ \\al

Page | vi



ATATSIAT AR Ref¥hel T 6@l TR R 2 FAIEEs @bl Bl | AATSTAT goerereep]
&I I ARSIl THEHT Tedhld 1Tl THEH! THT 9T GRFR aTHaTH]
TSR FHATT TAT ATASTATH FHARIES THA @ids BIHES T TLH B |

ATATSIAT F=ATAT qAT a9 &bl (a0 Faeaqebl AT BTAd+H faeieprelld aaear=
ATSTAT AGET ATATSTAH] PHATHATIEE AToATag TTHT =T g "Adbehl s | [
fch WET qUT GYHNT Td TR GLHRT (HBAgselle ATATSTATR] a &7 ATTHHT ATH]
T | IRl f&TT TF SIHe E=ATIT g Al T qHAATS HAR 6 a9 qed
JUITATHT AT Faarioe, &3 Ua A5l a7 FaeqI= AThd a7 &%) JcdTadhd
¥ a9 QA ITEAHT Jig, Ted TSTH T a7 UGaRepl FolTIHT e ASIRI GoiaT
T T qAT AL ATTAAT ARTEE TATSH ATATATA AT TRATAAT AATT TRT BT
BNl AT A qfedrer faeewer, fedaRe R, &F  dgdled, I awredd
TEATASEEH] ATIRHT TAATHTS ad AATSTAT SATTART I FATIAe® D! [GHT T Tehlehd
FAIAR] AN A% ARINEEE Y& TRl B | TRl AT Tq &bl

qTifedtces, AMfde T FTHINSTE AIEATATS SATTHT QT Tg-ATATHT TRV ATALTS HUH!
~ ~ @'

e HREeEE:
q. 9 awet fafra =aema (SFM)

HTehicTeh ATl ATehT SATNT AT [Afeehoay TR SHFLATIT FOITAT o] T faehiieg
TRTHT B | TG AT faega SFM AT R TR0 8Tqdl 50 a¥ A Aatdadrs
AT §O AUHT FHTASTA T, ST H1S TRl ARTHT HA @S, | ATTATHT Seede
JUITAT F&l IIgh el faid &l

R THACY T A forarer ERiqor

qeheRT THARE (4 ) T WA (R0-30 FW) fq&ardr Aae datad T TRt Hard T
qARTIUl ) A9 IRATSTATR g e H1 AT T 7 Seedars R T+a)

3. &Y arfHar ¥ el & deran

ferearepr URTEAe e TR-61% a9 Jerar (NTFPs) ¥ siiwerar qar qmtvad
foear (MAPSs) e sr=aareil qormell fthal carsdus; | fAsil &rs@T qrhand 10
AEALTF T JoaTad, TTMA ISR T 1S TR (e 7+ Public provate
partnership (PPP) #ree any Ty

¥, QI ¥ QIS START & T

FRT HEN AT TIIH (ATAUTE, TeA Ta) (b TIs, STehl ATAS a7 aATITHT
ARTEA T e T qTiRfeaiaes Aecderr amnT &HH are fHHTor T

Page | vii



Y. SAHT T SIH ITERT

® ITT FIS IUTEH: L O-300 Faex

o TFTTH /AWM ?,¥00 Faax

® I R00-300 gFX

® TUIA: 100-R00 FFR (VMY ARATNAHIZRT HFLITI)

€. AT =

THIEd SN a9 aerad (SFM) diedsl awadar Ue atadl, garaedl T w6 9=
TRUHT RN AAATAT [HHR M6 | T SecTehl ITqATHTS JERITI b ras Al
A1 HIgd AT, FEhd T Jaagdrel A1d faia= TRPRFT deaedd FA=adT THIe)
TH FIAATH] AqAB] AT BT FLTHT I TAT ATATEAR HATATATS HET ATHF]
fage maeT® @) AW BB [MRTATH] ANT TAEIT FALATIT FTHTRT TS TR TS,
STl AAAAT IS Froael TS 9 I FhF, 9897 T T AXBRH
gidfge®, TWHME THEE, 99 ITHRHT THge® T Mol &6 ERaATAesd]
FENTaT Afar @, dife (Mo IBRamaT qaer Arars g T SavETae g T
RIEDIE]

AAATHTS FARAU a7 [aTAHT IAMFEEHAT TAl Hacd el qIAERUT TFId AUH B
ferraar, @@t e FAfaATer, StaAe et T Sfae fafaaarer faarer ser g9=aes
@ e fau sfafera 9fe 9anT ¥ SeEen qearaer HR a9aEHT SAl el qUs
o R, 99 THETET AgAH AT &R T ERATAT TALATIAT ATATHe® AATSUaHT
fqu, ST WFR T FHIER FeFAd Hecaqu et ereer faan aeta e
SEATATIAH] FHI T LRI THATR] AT ST AROTH [&7 Febe| BT, AqATHTS
I HIITHl ERO faaeur, e Soarget aee, Stae fafagdreer @weon 7
AT THETTEEATS 15, TTSYT I TTGE! AT T FE Tag | TI qTRiedfqer
YaATe=d] HIAHATE ATAE ATF ATHET I TATTH! @ T Telehl TACHT FRATIATATS
I FRITHl ) qIMd, a9 Sedl, AIA=Ad ATTHHAT, FREN[ [Hhae®dl Ar=dT
AP FHT T (AT &epT AR Foraarer 9%k afq 9T JFRTHT aTem qarea sl gl

atqerT, Tehied SFM #ieae Iq@rmdTs JaRauars iRfedfae atearad, arTse
FHTEARTAT T AT IcATIehcdehl AT HISAHT TRUI T AFS| THT ATNT ATaATa=eiT
TRETT T FTHINTF ATALTRATIN ATTIF HTAEETH Tl T HedIu &) aTdraRuia
EIHT, 79 WIS Afaeh fafaerarepr GRerr, e Gierdl, T STerary aiadwep! =feparar
AT qATSSl ATHITAE ®YHT, Jde S eI 99k aqrss, &9 Iy
AT T Aiedl GHge®dls (MU GHhaTHT AT T T TH AT (G020 T Jard
TS, | A YT, JFel IS GoIal, aod JANTH! YIcAEd T a9 qa7  TR-1SS
a7 @R (NTFPs) 7 dtwedm qar qufed aa s aaeqdies (MAPS) #read
fIehTa T Yaga T ATARER YSTH Taa)

Page | viii



a7 IMTHIATs THA TATSART AT Th AT AN AT ATALAF S| a7 a4l
ATATIRY HATATHR! Fqcd ¥ fafgd STaead= qiafasl ANEeAd Adeedl dwa,
qitatae ¥ faxirar Araeesd a0, T aRERIAr GHieEa 9 Aed qars e F9rd, a9
T WM WERE ART GEHINTAT a9l BAAl BEEad,  GHEE
HATAARATEEH THTEL T &A1 faardeser! GHIATTAT Heqaqul A Marss) are,
TSI &Rt APRATATE S dl FHTALT FATAAT, Gl FEATRIT T AMAID] ATNT HEqaq0l
e

A, AAATHTS FARMIY avbl A TN qH, qo ARIBRATAEE A=
FEATNTAT T ST AT AR ArHl FHIR Fidqagarar 4y Tes teiea SFM
HISd THHI TR HATEITH] AT Teh AN JaTH Tas, R Tl Thedl TF
FRIBRATATEER] FHTAL A, FTHhT IJARIA T ST Al (4T geie)

Page | ix



Table of Contents

ACRONYMS...evviiuennnrcnecnnes ii
ACKNOWLEDGEMENT ......uuuiiniiniininnninsinnsenssessssecssessssesssassssssssassssessssssssssssassssassssssssass iv
EXECUTIVE SUMMARY w.V
EXECUTIVE SUMMARY IN NEPALL.....uconievinensninsensensuecsenssecssnssssssnsssesssssesssessassssssns vi
INTRODUCTION ...uuiiiiiiiiinsniniensssicssscssssssssnssssssssssssssssssssssesssssssssssssssssssssssssssssssssssssssss 1

L1, BaCK@round.........cocoooiiiiiiiiiiieece ettt ettt e 1
1.3 Rationale of the Study ..............ccooiiiiiiii e 1
14 ODJECLIVES ...ttt et e et e e et e e et e e s bt e e enbaeeenbeeennbeeeeanes 2
1.4 Limitations of the study .............oocoiiiiiiiiiii e 2
1.5 Organization of the report..............cocovviiiiiiiiiii e e 2
AN OVERVIEW OF THE PROJECT SITE 3

2.1 Site deSCIIPLION ......eoiiiiiiiiiiiiie ettt et e e st e s e e s 3
23 CIIMALE ...ttt ettt e et e et e st e e st e e et e e st e e e nabeeenaree s 4

P N 1Y) i) 1] 1) RPN 4
APPROACH AND METHODOLOGY ...uuciniineinsnecsnissnensncsssesssnssssnsssassssessssssssssssassss 5

R . N 1] 1) (1T T | USSR 5
3.2 Study FrameworK............cccoooiiiiiiiiiiiiiee ettt e n 5
3.3 Study Methods ... ..cooooiiiiiiie e e 6
331 DESK REVICW ..ottt ettt et s 7
3.3.2 Inception Phase............ooooiiiiiiiiieeeee e 8
3.3.3 Sampling deSiNING............coceiiiiiiiiiiiiieeeee e e 8
3.3.4 Planning for the field surveys, data collection and stakeholder consultation..12
Preparation of equipment and materials .....................cccoeiiiiiiiiiii 12
Field planning and orientation...............c.c.coooiiiiiiiiiiiiiicecceeee e 12
Human resource management ...............cccooviiiiiiiniiiiiiniieee et sre e e ne e senees 12
Preparation of tools and other field equipment ......................cccoeiiiiiiiiiiniie e 12
Measurement of tree diameter and height of the sampled trees....................cc.ceceee. 13
Quantitative forest vegetation data collection .......................ccooiiiiiiiiniinne 14
Mapping of water bodies and SPrings .............ccccooviiiiiiiiiiiiiieeiieee e 16
Flood Hazard MapPing............coooiiiiiiiiiiiiiie ettt ettt 16
Identification of Issues, Threats and Opportunities, and their Analysis ...................... 16
3.3.5 Data Analysis and Report Drafting Phase .....................ccccoiiiiiiiniiiiee, 18
Data anAlySIS ......cooviiiiiiiiiii ettt e aes 18
3.3.6 Quality assurance and quality control.....................ccooiiiiiiiiniiin 18
RESULTS AND DISCUSSIONS....uuiiitintinntnnninssicsneisssisssessssnsssssssssssssssssesssssssasens 20

4.1 Vegetation Parameters in the study sites ..................ccoooiiiiiiiiiiiiiie 20
4.1.1 Dominant tree species and Diameter distribution curves.........................c....... 20



Q1.2 BASAL ATCA ... ettt anaan 22

4.1.3 Site wise seedling density .............ccccooviiiiiiiiiiiiieieeee e 23
4.1.4 Site wise saplings density ...........c.ccccoiiiiiiiiiiiiiie e 23
4.1.5 Site Wise tree denSity...........cccoeviiiiiiiiiiiiiii e e e 24
4.2 Status of Natural Regeneration in Ratuwamai plantation sites............................... 25
4.3 Standing tree VOIUINE ............c.oooiiiiiiiiiiiii e 25
4.4 Sapling biomass and carbon StocK.................ccccooviiiiiiiii 26
4.5 Tree DIOIMIASS ......ooviiiiiiiiiiiiee et ettt et sttt e sanees 27
4.6 Total vegetation carbon stock in Ratuwamai pentation forest ............................... 28
4.7 Total carbon stock and Carbon dioxide equivalent in Ratuwamai pentation
FOT@SE ... .ottt st ettt ettt e b e ettt enneeea 29
4.8 Decadal land use change pattern in the Ratuwamai plantation area.................... 30
4.9 Encroachment areas in Ratuwamai Plantation Sites.......................ccoccciiinnne 31
4.11 Elephant corridors in Ratuwamai .................occccooiiiiiiiiiiiiiicee e 32
4.12 Key threats to the forest and biodiversity in Ratuwamai plantation sites............ 35
5 RECOMMENDASTIONS ON SFM MODEL IN RATUEWAMAI 36
5.1 Project background .................coooiiiiiiiiiiii e s 36
5.2 Types of forests of the area................coocoiiiiiiiiiiiiiiii e 36
5.3 Major problems and issues of the project.................ccooooiiiiiiiiiiiiie 36
5.4 Insights from the KIL and FGD ..............cocoiiiiiiiiiiiieeeeeee e 37
5.5 Recommended integrated SFM model for the project area....................c...cccooe. 39
5. 6 Possible re-plantations of MAPs/NTFPs in Ratuwamai................c..ccoooeininnnnen. 41
5.7 Private Sector Engagement and Livelihood Development Model ........................... 42
5.8 Institutional frameworks for the management of the recommended model ....44
5.9 Key Recommendations for the biodiversity conservation................................. 44
Bibliography .......cccccceeveicicnncccnnnes 46
DAY 111 19 G 48
Annex I: Data collection sheet 48
Annex II: List of instruments and equipment and their purpose ...51
Annex III: Seasonal Calendar for MAPS........uieiisiinsiiseinstinsninsniisecsssecssnsssnsssssssesssee 52
Annex IV: List of mammals found in Ratuwamai 52
Annex V: List of fishes found in Ratuwamai..........coieninnernseinseissenseccsnecsecssnecseccssecsnees 53
Annex VI: List of snakes found in Ratuwamai .53
Annex VII: List of Retiles found in Ratuwamai 54
Annex VIII: List of Birds found in Ratuwamai .54
Annex IX: List of protected flora and fauna in Ratuwamai...........eccevvvericccccnnrcccscnneccans 58
Annex X: Sample of meetings with key informants and FGDs in Ratuwamai Area....... 59
Annex XII: List of PROtOGIraPRS .....cccovvueriiiiisriicsissnniessisnricsssssssecsssssssssssssssssssssssssssssssssssans 80

Page | xi



1. INTRODUCTION

1.1. Background

A GEF-supported project entitled “Enhancing capacity for sustainable management of forests,
land and biodiversity in the Eastern Hills (FLB Eastern Hills)” is being implemented in five
districts (Taplejung, Panchthar, Terhathum, Ilam, and Sankhuwasabha) of Koshi province, Nepal
since 2022.

The project is funded by the Global Environment Facility (GEF) and executed by the Ministry of
Tourism, Forests and Environment (MoTFE), Koshi province, as an Operational Partner (OP) with
overall execution and technical responsibility. The Food and Agriculture Organization of the United
Nations (FAO) provides oversight and technical support to the project as the GEF Accredited
Implementing Agency. The Project Management Unit (PMU) is situated within MoTFE and includes
experts recruited by OP and FAO, while the project support unit is established at Division Forest
Offices (DFOs) in five districts.

The project's objective is to protect significant biodiversity beyond protected areas and enhance
ecosystem services to support sustainable livelihoods in the Eastern Hills of Nepal. Located within
the districts of Koshi Province, the project covers 34 Palikas (186 wards) out of 43 local levels across
the five districts. With an outreach goal of reaching 150,000 beneficiaries, the project focuses on key
biodiversity hotspots such as Tinjure Milke-Jaljale, Mai Valley Forest, and the Tamur Valley.

The Project Management Unit of the Ministry of Tourism, Forests, and Environment in the
Government of Koshi Province has launched a comprehensive study focused on the Forest
Management and Biodiversity Conservation Model for the Ratuwamai Plantation project area..
This document serves as the comprehensive technical report of the study, detailing the methodologies
and approaches that were employed, aiming to develop a robust model for sustainable forest
management and biodiversity conservation within the Ratuwamai Plantation Project area.

1.3 Rationale of the study

The ecological health of the forests and the biodiversity within the project area face significant threats
from invasive species, overharvesting, grazing, illegal encroachment, and insufficient monitoring.
Despite its long-standing history, the project has struggled with severe challenges, including ongoing
forest degradation, a lack of emphasis on biodiversity conservation, and inadequate integration of
forest management with local poverty alleviation efforts. These issues have hindered the project's
ability to achieve its goals of sustainable resource management. Additionally, the limited
participation of women and marginalized communities in forest management has exacerbated social
inequalities. Considering these challenges, the Ministry of Tourism, Forests, and Environment
(MoTFE) in Koshi Province has initiated a comprehensive study on the Forest Management and
Biodiversity Conservation Model for the Ratuwamai Plantation Project, with the aim of developing
and implementing strategies to rejuvenate the project and fulfill its objectives.

The importance of this study is highlighted by the Ratuwamai forest's crucial role in the region's
ecological and socio-economic framework; located between the Ratuwamai and Kankaimai rivers,
it acts as a vital biological corridor linking Ilam and Jhapa districts, thereby supporting essential
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biodiversity and ecosystem services for local communities. However, the forest's vitality has been
undermined by poor management practices, forest fires, soil erosion, and encroachment.

1.4 Objectives

The general objective of the present study was to evaluate the current practices in forest management
and biodiversity conservation, while identifying significant gaps, challenges, and opportunities for
integrating these practices within a sustainable institutional framework that preserves natural
resources. and addresses the needs of local communities and ecosystems.

While the specific objectives are to:

1. Assessing the forest's current condition, including its growing stock and biodiversity
(species diversity and abundance);

2. Mapping areas of encroachment digitally;

Analyzing key issues in forest management and biodiversity conservation;

4. Proposing recommendations for improved practices for forest management and
biodiversity conservation, and

5. Suggesting alternative management models to the provincial government for the
sustainable stewardship of Ratuwamai Forest.

(98]

1.4 Limitations of the study

The present study was conducted within a small geographical area rather than covering the wide
range of the diverse geography. Ecological sampling was limited only to the Fifty-nine plots from
the single plantation area. The present study was a rapid assessment of the forest's current condition,
including its growing stock and biodiversity, identifying the key issues in forest management and
biodiversity conservation. The sustainable management models proposed in the reports are based on
the previous experiences and practices adopted in the plantation area and based on the perceptions
of the local stakeholders.

1.5 Organization of the report

Chapter 1 covers the Background, rationale, and the objectives and limitations of the study.
Chapter 2 gives an overview of the study sites in terms of physiography, geology and climatic
condition of the study site. Chapter 3, provides details on the approach and methodology,
including study design, sampling design, field arrangement and field inventory and analysis.
Chapter 4, contains results and discussion of the study and Chapter 5, provides some
recommendation based on the findings, followed by References and Annexes.
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2. AN OVERVIEW OF THE PROJECT SITE

2.1 Site description

The Ratuwamai Plantation project was launched by the then Ministry of Forests and Soil
Conservation of Nepal in the fiscal year 2035/36 (1978/79) to enhance forest management in the
region. Its primary aim was to replicate the concepts of Sagarnath Forestry Development Project by
establishing fast-growing, short-rotation tree plantations to rehabilitate approximately 2,800 hectares
of degraded natural forest in Jhapa and Ilam districts, thereby increasing the local supply of fuelwood
and timber. The project also sought to create job opportunities for local landless and unskilled
workers, provide systematic training in forestry operations, and develop a model plantation that
could serve as a prototype for restoring other depleted forests in the Terai region. The plantation
project also bordering the up to Chulachuli Rural Municipality in Ilam district and Kamal Rural
Municipality and Shivasatxi Municipality in Jhapa district (Figure 1).
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Figure 1. Map showing the Ratuwamai Plantation Project Area.

The area is characterized by natural forests primarily composed of Sal species, alongside plantations
of fast-growing varieties such as Teak, Eucalyptus and Kadam, and is organized into 26 management
compartments (Figure 2). Northern area of Satakshidham palika is dominated by natural Sal forests
covering a total area of 268.44 hectares.
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Figure 2. Ratuwamai Plantation area with different compartments

2.3 Climate

Koshi Province experiences diverse climatic conditions due to its varied topography and
altitude, ranging from subtropical climates in the Terai and foothills, to temperate conditions
in the mid-mountains, and alpine or arid climates in the Himalayas. Temperature and rainfall
vary widely across these zones, with annual rainfall from 15 c¢cm in the high Himalayas to 300
cm in the Terai.

2.4 Geography

Koshi Province spans 25,905 sq. km, with 17.16% forest cover. It is bordered by India and
other provinces, and features both the country’s lowest point, Kechana Kawal (67 m), and its
highest, Mt. Sagarmatha (8,848 m). The province is divided into four main regions based on
its topography: the Himalayas, Sub-Himalayas, valley basins, and the Terai plains.
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3. APPROACH AND METHODOLOGY

This chapter discusses the detailed approach and methodology used to conduct the study. It
contains methodologies for quantifying the forest biomass and status of the natural
regeneration. This chapter also includes descriptions of the different approaches, tools and
techniques applied during the data collection and analysis of the data and information.

3.1 Approach

The overall approach of the study was participatory, consultative and facilitative. The approach
was concentrated on exploration and investigation of the actual situation in the Ratuwamai
Plantation Project area. The study included gathering both primary and secondary data sources,
including participatory resource mapping in the respective site, direct observation, field survey,
spatial analysis, key informant interviews (KlIIs), and focus group discussions (FGDs). Primary
data were collected from the specified project sites while secondary data were collected from
published and unpublished documents and reports. The following key approaches were
followed during the entire study period.

Participatory, Consultative and Multi-Perspective Approach

A Multi-Perspective (Poly-vocal) approach that aims to reflect the views and concerns of local
communities, right holders, stakeholders and private sectors who are directly or indirectly
related to the Ratuwamai plantation project were employed and interviewed. During the task,
a range of groups from the Ratuwamai plantation project, local forest dwellers, forest
dependent rural communities including local governments were consulted.

Facilitative Approach

Since the final report was expected to be respected, owned, implemented and replicated, a
facilitative approach, which aims to optimize the involvement of all right/stakeholders in the
overall process of identifying opportunities and challenges in the current management practices
and models and sustainability of the resources and ecosystems in the study sites was adopted.
The consultants facilitated the process of data collection and sharing with community and
district level stakeholders. This, in turn, developed a sense of ownership over the process and
outputs. During the process, the consultant developed a wider understanding and ideas to
facilitate the process and sincerely documented the perceptions.

Disclosure and Verification Approach

The team followed the disclosure and verification approach to ensure the transparency of the
findings as well as to develop ownership and ensure accountability. This approach facilitated
dialogues with concerned stakeholders on issues raised apart from providing the explanations
for given situation. For this, briefing and field level consultations were organized to discuss
and share the study objectives especially on the sustainable forest and biodiversity conservation
model development.

3.2 Study Framework

The following study framework was designed in to meet over overall objectives of the present
study. The overall approaches of the study were participatory, consultative and facilitative,
disclosure and do no harm basis.
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Figure 3: Overall study framework

3.3 Study Methods

The study combined both quantitative and qualitative techniques and approaches for
conducting assessment of functionality of forests, biodiversity and other ecosystem services of
the Ratuwamai Plantation Project for comprehensive understanding of the present problems,
issues and challenges. The study adopted following four methodological steps to accomplish
the study:

Phase 1. Desktop Review Phase;

Phase 2. Inception Phase;

Phase 3. Sampling Design Phase;

Phase 4. Planning, Field Surveys, Data Collection and Stakeholder Consultation Phase;
Phase 5. Data Analysis and Report Drafting and finalization Phase;
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3.3.1 Desk Review

Inception phase of the study has formally started after signing of the contract for the
assignment. Review of literature related to the assignment (Study on the Forest Management
and Biodiversity Conservation Model of the Ratuwamai Plantation Project), their accuracy and
validation is an ongoing process and was continued till the final report submitted to the MoTFE,
Koishi Provice Government.

Initially, a comprehensive desk review was conducted to examine existing documents related
to the Ratuwamai Plantation Project, focusing on historical records and project reports to
evaluate the evolution of forest management plans. Additionally, government policies at
various levels concerning biodiversity conservation and forest management was analysed to
clarify the regulatory landscape. Secondary data sources, including the Forest Management
Plan of Ratuwamai and reports from the National Forest Inventory conducted by the FRTC and
the National Statistics Office, was also scrutinized.

Various government policies at the federal, provincial, and local levels, along with relevant
Acts, Regulations, and other pertinent documents and reports, were reviewed as part of this
process. These include but not limited to:
e Forest Act, 2076
Forest Regulation, 2079
Forest Sector Strategy (2016-2025)
Community Foretry Inventory Guideline 2065;
National Forest Policy, 2075
Soil and Watershed Conservation Act, 2039
Soil and Watershed Conservation Regulation, 2042
Water Resources Act, 1992
Water Resource Strategy, 2002
National Land Use Policy, 2015
Environment Protection Act, 2076
National Climate Change Policy, 2076
National Ramsar Strategy and Action Plan, Nepal 2018-2024
National Parks and Wildlife Conservation Act, 2029
Nepal Biodiversity Strategy (NBS)
Other relevant policies and guidelines.
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3.3.2 Inception Phase

Following the signing of the contract with the client, an inception workshop was held on 23
May 2025 at the meeting hall of the
Ministry of Forests and Environment
(MoFE), Koshi Province (minute
attached in Photograph 17). The
workshop brought together a diverse X
group of stakeholders, with a total of &%
10 participants who actively engaged |
in the discussions. Valuable insights
and feedback were provided regarding
the Ratuwamai Plantation Project,
along with constructive comments on
the  proposed  approach  and
methodology.

The inception phase primarily focused
on preparatory activities, including the
planning of data processing, analysis, and reporting. Key preparatory tasks undertaken prior to
the commencement of fieldwork involved a comprehensive review of relevant documents and
the systematic compilation and collation of secondary literature.

Based on the preliminary analysis of information gathered, a draft inception report was
prepared and submitted within seven days of contract signing. The final inception report was
completed and submitted within ten days, following consultations and discussions with
relevant officials.

3.3.3 Sampling designing
a) Multi stage sampling:

A multi-stage sampling technique was used to select the study sites i.e., municipalities or rural
municipalities (including patches of the Ratuwamai Plantation forests) to estimate
regeneration, forest biomass, tree volume, density, frequency, abundance, and the availability
of key species across the proposed forests within various natural ecosystems. This approach is
commonly applied in ecological and environmental studies when surveying an entire area or
population is impractical or too costly.

The multi-stage sampling process involved dividing the sampling procedure into multiple steps
or stages, resulting in sampling units that were progressively smaller, more specific, and more
homogeneous. The following steps were carried out as part of the sampling process:

District level participatory resources mapping:

The study team first consulted the officials of Ratuwamai plantation project, Division Forest
Office (DFO) and the Federation of Community Forest Users Nepal (FECOFUN), local
governments (ward chairpersons), local traders and local communities, in the respective
districts and established rapport regarding the identification of key study sites. Following the
rapport-building process with the DFOs, FECOFUN, and other relevant stakeholders at the
district level, the project team conducted participatory resource mapping with key stakeholders,
including the Divisional Forest Office, FECOFUN, District Coordination Committee (DCCs),
and Community Forest User Group (CFUG) members, at the district headquarters.
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Based on the outcomes of the district-level participatory resource mapping, the team identified
potential sites within the proposed forest and biodiversity rich areas. Potential biodiversity
hotspots, areas with high concentrations of Non-Timber Forest Products (NTFPs)/Medicinal
and Aromatic Plants (MAPs), ecosystem services (ES), encroachment zones, and key drivers
of degradation (DoD) were selected based on scores obtained during the participatory mapping
process. The selection was guided by the following key criteria:

1) Availability of prioritized species;

i1) Abundance of the targeted species;

111) Major threats to the species, including drivers of forest degradation such as forest
fires, overgrazing, and invasive species;

iv) Current status of forest and biodiversity; and

v) Level of dependency of local communities on forest resources.

Selection and identification of the potential forests patches in the plantation sites:

After identifying the potential sites within the Ratuwamai Plantation area, the study team
proceeded to these locations to conduct participatory resource mapping with the project staffs
at the local level (Figure 4).

Legend
% Sample Plot

Figure 4: Potential study sites in Ratuwamai pnantation project

The mapping process involved local stakeholders, including NTFP/MAP traders, community
leaders, and forest guards, to validate and finalize study sites in the Ratuwamai plantation
project, supported by a review of existing forest management plans.

The participatory resource maps were digitized using GIS software, and a detailed map
outlining the potential regeneration survey areas was developed. During the forest stratification
process for biophysical data collection, the team identified two strata dense and sparse forests
to ensure the formation of homogeneous sampling units.
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Sampling intensity:

After identifying the potential forest areas within the plantation sites, the study team digitized
and produced effective area maps using ArcMap 10.2.2. For the detailed biophysical survey, a
sampling intensity ranging from 0.1% to 0.05% of the potential habitat area was maintained,
depending on the size of the species distribution area. Based on this, the total number of sample
plots to be measured on the ground was determined.

The sampling process followed the Community Forest Inventory Guideline 2061 of the
Government of Nepal, the Carbon Stock Measurement Guideline, and the Participatory
Inventory Guidelines for NTFPs developed by ANSAB in 2010 and 2011 respectively (see
Table 1).

Table 1: Standard Sampling Intensity

Forest Size Sampling Intensity (%)
<100 ha 0.05-0.1

100-500 ha 0.05

>500 ha 0.01

Size and shape of sample plots:

The targeted species in this study ranged from seedlings to mature trees. Therefore, a co-centric
circular plot design was used for detailed assessment. A standard sample plot size of 500 m?
(with a radius of 12.82 meters) was employed for tree-level data collection. Nested within this
plot, a 100 m? sub-plot (5.64 meters radius) was used for assessing saplings, a 1-meter radius
sub-plot for regeneration or seedling surveys, and a 0.56-meter radius subplot for herbs and
litter sampling (Figure 5).

12.62m radius (or with radius
dependent on tree density and
slope of ground) plot to
measure AGTB => 5¢cm DBH.

5.64 mradius plots for AGSB
(1-5cm DBH)

1 m radius plot for
regeneration/seedling count

0.56 mradius plots for LHG
and SOC

Figure 5: Shape and Size of Nested Co-Centric Circular Plot

Lay out and distribution of sample plots on the map:
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coordinates of the individual plots were then uploaded into GPS devices using Garmin software
to accurately locate the plots within the designated potential areas in the forests.

Figure 6: Sample plot distribution map
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3.3.4 Planning for the field surveys, data collection and stakeholder consultation

o 7 B

Detailed planning for the field surveys,
data  collection and  stakeholder
consultation was done just after the
completion of the inception workshop
and just before actual field survey and
observation starts. This includes
orientation for the field crew members,
arrangement of equipment needed for the
field surveys vehicle hiring and
developing different forms for data
collection. This involves the following
steps:

Preparation of equipment and materials

All necessary equipment and materials were gathered prior to field deployment. Each
instrument and piece of equipment was properly prepared, thoroughly checked, and calibrated
in advance. The operational team ensured that all devices were functioning correctly to prevent
any disruptions during fieldwork. A comprehensive checklist was developed to ensure that no
items were overlooked; this checklist also proved valuable during field operations, particularly
as the team transitioned from one plot to another.

Field planning and orientation

To ensure the efficient and timely completion of the assigned tasks and to maintain consistency
in data collection and field measurements, a field planning and hands-on training session was
conducted in the field. This session targeted forest technicians and interested field staff
involved in the Ratuwamai Plantation Project. Participants received comprehensive practical
training on forest and biodiversity assessment methodologies, including natural regeneration
assessment and forest inventory techniques. These forest technicians, trained in advance of the
detailed fieldwork, served as the core field crew and acted as the principal technical personnel
supporting field implementation and data collection activities.

Human resource management

A complete team of 6 members was formed well in advance of the initial field operations to
ensure accurate and comprehensive data collection. Two forest technicians served as the core
crew and led the entire field study. They were assigned based on their detailed knowledge of
the methodology, ability to operate all equipment properly, and understanding of the
importance of even the smallest details of the work. Additionally, four local field assistants
were involved to support the data collection, measurement and filling the data entry sheets and
the local resources persons have supported on the navigating the field sites and communication.

Preparation of tools and other field equipment

The followings tools and materials were gathered for the measurement of seedlings, saplings
and tree vegetation in the sample plots of Ratuwamai Plantation forest area.
e GPS
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Silva Compass

Vertex an transponder IV

Measuring tape ( 50 or 100 m)

DBH measurement tape

e Tree and Shrub cutter (Scattier )

e Digital measuring scale upto 0.01 - 10 kg with 0.1 kg precision

e Materials: 1.3 m pole, markers, poly bags, ropes and field data forms for record keeping.

Based on the field work plan, the tools and materials were prepared, callibarited adequately before
the field work takes place.

Measurement of tree diameter and height of the sampled trees

Standard tree diameter and height measurement principles were applied during the field data
collection for above-ground tree biomass estimation. Irregular tree stems were measured according
to the guidelines illustrated in Figure 7. For stems that forked from the ground, each individual stem
was measured separately but assigned a letter suffix to indicate they belonged to the same tree (e.g.,
la and 1b were both parts of tree number 1). Care was taken to ensure the diameter tape was placed
accurately around the stem at the designated measurement point. Tree diameter at breast height
(DBH) was measured at 1.3 meters using a diameter tape. In cases where trunks were deformed at
breast height, the diameter was measured at the nearest well-formed point above or below the
standard height.

DBH was used as the fundamental measurement for both trees and saplings. Each tree was marked
inwardly to prevent accidental double counting. Tree height was measured using clinometers and
laser-sensitive instruments Vertex IV and Transponder T3. Special attention was given to
measuring the height of leaning trees with the Vertex IV, as attaching a transponder directly to the
bole of a leaning tree could have biased height estimates unless the lean was exactly perpendicular
(90°) to the observer. Each tree was recorded individually with its species name. Trees located on
plot boundaries were included if more than 50% of their basal area fell within the plot and excluded
if more than 50% fell outside. Trees overhanging the plot were excluded, while trees with trunks
inside the plot but branches extending outside were included. For trees with unusual shapes, standard
forestry practices were followed (Karky and Banskota, 2007; MacDicken, 1997) consistently across
all plots prior to sampling.
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Quantitative forest vegetation data collection

For the quantitative data for tree density, basal area and stem volume of tree species was calculated
by using the method described by Zobel et al. (1987) and Sharma and Pukkala (1990) with some
modifications (MoFSC/CPFD, 2000).

Tree density
The tree density per hectare was calculated using the following equation (i) provided by (Zobel et
al. (1987)

. No.of individuals of speci . .
Density (g) = 20 _NECNe s 0 TPe e x10000 equation..........cccceveveerrereeruennes (1)

" Total no.of plots studied x area of each plot

Tree basal area
Basal area refers to the ground actually penetrated by the stems (Hanson and Churchill, 1961). It is
one of the characters that determine the dominance. It was calculated using following equation (ii).

(3.1416)x (dbh)?

Basal area (sq.m) = ”

e | L1510 ) WO PR SRS (11)

Standing Tree Volume
The standing tree volume was calculated following the community forestry inventory guideline
2065 of Nepal (CPFD, 2000) as shown in below equation (ii1)

AV O O i L i | TP PP PP PPRRR (iii)
Sapling biomass

National allometric biomass equations (developed by the Department of Forest and Department of
Forest Research and Survey, Nepal 2000) was used to determine the sapling biomass (<5cm DBH).

Page | 14



In case of tree species (other than the equations provided in the biomass table) equations was
applied according to given associations of species (forest type).

The regression model below [Eq. iv)] was applied to calculate sapling biomass.
10g(AGSB) = a+blog(D)  oooeiiiiiiee e Equation (iv)
Where,
Log = natural log (dimensionless)

AGSB = aboveground sapling biomass (kg)

a = intercept of allometric relationship for saplings (dimensionless)
The b = slope allometric relationship for saplings (dimensionless) and
D = diameter at breast height of the sapling (at 1.3m above ground) (cm)

variables of the previously developed regressions i.e. slope (a) and intercept (b) for all
saplings developed by the Department of Forest Research and Survey (DFRS) and the TISC,
Nepal (Tamrakar, 2000).

Tree biomass

According to the ecological condition of the forest, the above ground biomass calculations was
performed based on the appropriate equation Eq (v) guided by the forest carbon measurement
guideline and suggested by Chave (2005, p. 93) (for moist forest stand).

AGTB =0.0509 * p D*H

................................................................ Equation (v)
Where,
AGTB = aboveground tree biomass (kg)
P = wood specific gravity (kg m™);
D = tree diameter at breast height (DBH) [cm]; and
H = tree height (m)

Specific wood gravity (p), as mentioned in the Master Plan for Forestry Sector (MFSC), was
used in the calculation. For the tree species not having wood specific gravity, a general value
was used according to associated forest types (MSFC,1989).

Below ground (BGB)biomass

Below ground biomass, commonly known as root biomass, was estimated using the default
root-to-shoot ratio value. According to Geider et al., 2001, measurements of root biomass are
indeed highly uncertain, and the lack of empirical values for this type of biomass has for
decades been a major weakness in ecosystem models. In this study, below ground biomass was
calculated with the root-to-shoot ratio value as suggested by MacDicken (1997). Meaning,
belowground biomass represents nearly (20%) of aboveground tree biomass.

Total forest carbon stock calculation
The total forest biomass of each pool was converted into carbon multiplying by default carbon
fraction of 0.47 as recommended by the IPCC (2006). Then, the equation (vi), was used to
estimate total forest carbon stock by summing up all carbon pools calculated to have total forest
carbon stock (in ton) per unit area.
CLU) = C(AGTB) 4 C(SB) ..o Equation (vi)
Where,

TC (LU) = carbon stock for a land use category [tC ha™'];
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C (AGTB) = carbon stock in aboveground tree biomass [tC ha'];
C (SB) carbon in sapling biomass [tC ha™'];

The carbon stock was converted to tons of CO; equivalent by multiplying it by 44/12, or 3.67
(Pearson et al. 2007).

Mapping of water bodies and springs

Mapping water bodies is essential for visualizing their distribution and developing
management plans. Local community members and ward representatives provided locations,
which were verified through transect walks and GPS points.

Flood Hazard Mapping

Flood hazard assessment and mapping identify areas at risk of flooding to improve flood risk
management and disaster preparedness. They are crucial for land use planning in flood-prone
areas, helping to create accessible charts and maps. This process considers climate change
impacts and produces flood risk maps by analyzing the elements exposed to flooding.

Identification of Issues, Threats and Opportunities, and their Analysis

The study team identified and analyzed threats, problems, and issues related to sustainable
forest management (SFM) and biodiversity conservation, which impact water quantity and
quality, affecting local communities' livelihoods. Tools such as, meeting with key informants
and focus group discussions (FGDs)-10, workshops with stakeholders and local communities
at ward levels -10, workshops with stakeholders at local communities at local levels-3 and
meeting with MoTFE inception and final sharing workshops -2 and transect walks were
conducted to gather information. Respondents discussed existing sustainable measures and
their effectiveness in addressing these issues.

Meeting with Key Informants and Focus group discussion:

A total of 10 meeting with key informants and focus group discussions were conducted with
a diverse group of stakeholders, including
forestry officials, subject matter experts,
project managers, community leaders, and |
policy specialists. These interviews aimed to
gather in-depth insights on strategies for |
developing sustainable forest management
and biodiversity conservation models, as
well as to explore associated challenges,
policy implications, and potential future
directions (Annex 3). '

These interviews were designed to
collect in-depth  qualitative  insights on
sustainable forest management, biodiversity
conservation, and human-wildlife conflict mitigation strategies. Key informants highlighted
the ecological significance of the Ratuwamai Plantation Forest, particularly its role as
an elephant corridor, while also emphasizing the growing challenges posed by habitat
fragmentation, illegal logging, and human-elephant conflicts (HEC). Discussions revealed that
while existing policies aim to balance conservation and livelihood needs, implementation gaps,
lack of community participation, and insufficient funding hinder effective forest governance.
Experts stressed the need for integrated landscape management, combining scientific research,
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community-based monitoring, and policy reformsto ensure long-term sustainability.
Additionally, informants proposed innovative solutions such as eco-tourism initiatives,
agroforestry models, and wildlife-compatible farming practices to reduce dependency on forest
resources while enhancing local livelihoods. The interviews also explored policy implications,
with recommendations for strengthening legal frameworks, improving inter-agency
coordination, and incentivizing community-led conservation efforts. Overall, the KIIs provided
valuable perspectives on current challenges, best practices, and future directions, underscoring
the necessity of multi-stakeholder collaboration to achieve abalanced approach that
safeguards biodiversity while supporting sustainable development in the Ratuwamai region.

Workshops with stakeholders and local communities at ward levels

A total of 10 workshops with stakeholders and local communities at ward levels were organized
with representatives of local communities and user groups to explore various aspects of forest
management. These discussions covered topics
such as the use of forest resources, perceptions of
current management practices, and suggestions
for improvement (Annex 4).

Focus Group Discussions (FGDs) were conducted
in the Ratuwamai Plantation Project area to gather
insights from a diverse range of stakeholders,
including local farmers, forest-dependent
communities, plantation workers, and
representatives from conservation organizations.
A total ofthree FGDs were organized, each : -
comprising 8-12 participants, ensuring a balanced representation of gender, age, and socio-
economic backgrounds. The discussions aimed to explore key issues related to forest resource
use, human-elephant conflict (HEC), and sustainable management practices. Participants were
encouraged to share their experiences, challenges, and recommendations, fostering an inclusive
dialogue on how to balance ecological conservation with livelihood needs.

The FGDs revealed that forest resources, such as
timber, fuelwood, and non-timber forest products
(NTFPs), play a critical role in local livelihoods.
However, overharvesting and illegal logging were
identified as major concerns, leading to habitat
degradation and increased human-wildlife
conflicts. Participants expressed frustration over
frequent elephant raids on crops, which destroy
livelihoods and escalate tensions between
communities and wildlife. Many attributed the
rising conflict to shrinking elephant corridors due '
to plantation expansion and infrastructure development. Desplte these challenges there was a
strong consensus on the need for community-based forest management and alternative income
sources, such as eco-tourism or agroforestry, to reduce dependency on forest resources.

Participants also shared their perceptions of current forest management policies, with some
criticizing top-down approaches that exclude local voices. Suggestions for improvement
included strengthening community patrols to prevent illegal logging, restoring degraded
elephant corridors, and implementing early warning systems to mitigate HEC. Women
participants emphasized the need for gender-inclusive conservation programs, as they are often
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the most affected by resource scarcity yet remain underrepresented in decision-making. The
discussions concluded with a call for greater collaboration between government agencies,
NGOs, and local communities to develop practical, culturally appropriate solutions that ensure
both forest sustainability and human well-being. The findings from these FGDs were to inform
future conservation strategies, ensuring they are participatory, equitable, and effective in
addressing the complex challenges facing Ratuwamai’s forests and wildlife.

Final sharing workshops:

The final sharing workshop was held
on 30 June 2025 at the meeting hall of
the Ministry of Tourism, Forests and
Environment (MoTFE), Koshi
Province. The sharing meeting was
chaired by the secretory of the Ministry
of Tourism Forests and Environment
(MoTFE), Koshi Province. The key
results of study were shared by tea
leader. An intensive discussion was
heled during the workshop. A total of
18 participants have actively
participated (Photograph 18).

The valuable feedbacks and comments
on the report were received and were incorporated in the final report.

3.3.5 Data Analysis and Report Drafting Phase
Data analysis

All collected data and information were analysed using both quantitative and qualitative
methods to get comprehensive understanding of present status of forest resources and
biodiversity and their functionality, as well as management issues and challenges of Ratuwamai
Plantation Project. R-core development statistical tools was also applied for quantitative
analysis (to analyse biodiversity indices, tree growth trends, resource use patterns and
economic benefits). Information collected through KII and community surveys were analysed
using qualitative methods; using coding software (R-core development and SPSS as far as
possible to identify key themes, stakeholders’ perspectives, and management issues.

3.3.6 Quality assurance and quality control

An adequate quality assessment of an inventory and data collection requires both internal and
external control procedures. Internal control activities are intended to ensure accuracy,
documentation and transparency of the inventory operations. This control is first implemented
by the agency that is responsible for compiling the inventory in each country during the
compilation of the data and calculations. Efforts were made by the technical team to check
availability of actual data, correctness, consistency, completeness, and to document the origin
of data and the specific assumptions adopted. The implementation of an approved standardized
procedure for emission calculations may facilitate the accuracy of an inventory and internal
control. The QA/QC provisions was applied at the following stages: (1) collecting reliable
field measurements; (2) verifying data entry and analysis techniques.
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QA/QC for field measurement

Rigorous orientation and hands on training were conducted and followed during fieldwork. The
orientation training ensures that measurements carried out by field study teams at different
times are consistent and comparable. All the forest technicians and local resource persons
involved in the resource’s assessment (Biomass, carbon, biodiversity, ES and NTFPs/MAPs)
were fully trained in all aspects of field data collection and data entry. Field crews were
provided with extensive training to be fully cognizant of all procedures and to ensure that
accurate data was collected.

QA/QC for data entry and analysis

The orientation and hands on training were conducted to the forest technicians and local
resources person’s regarding the data entry of the collected data. Data entry was done
immediately after collecting the field data in the field. Data entry into spreadsheets is often a
significant source of error. Ongoing communication between all personnel involved in
measuring and analyzing data is critical for resolving apparent anomalies before final analysis
of the monitoring data is completed. Special attention was paid to units used in the field (a
standard measurement system was used for all DBH and height measurement of trees. All
measurements contained in spreadsheets were clearly indicated. Errors were reduced through
spot checks of the entered data by crew forest technicians. In addition, checking each value
within an expected range identified any outlier trees.
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4. RESULTS AND DISCUSSIONS

4.1 Vegetation Parameters in the study sites
4.1.1 Dominant tree species and Diameter distribution curves

In the present study a total of 13 seedlings, 12 saplings and 10 trees belonging to some 10
families were measured and recorded with various biophysical parameters. There was a
dominant canopy of Eucalyptus, Teak, Sal, Kadam, Simal, Rubber, Simal followed by Bel. The
soil type within the studied forest plot is of boulder, sandy with black to brown soil colour. The
vegetation type is of the mixed broad leaved with about 72.5% crown cover, 15% shrub cover
and about 75% of the grasses in the natural forest.

The overall mean of the tree DBH and height was found to be to be 24.1 cm and 12.5 m in the
plantation sites. While that of natural Sal dominant forest site was 31.6 cm and 15.5 m. As
evident from plotted diagrams of DBH distribution, the DBH distributions follow a left-skewed
trend in forest plots of natural forests on steep slope (Figure 8)
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Figure 8: Plotted diagrams of tree DBH and height distribution

Likewise, a reversed j-shaped curve was obtained indicating most of the trees in all the strata
are younger and there is high potential to enhance tree volume, biomass and carbon stock. The
proportion of very young diameter classes with DBH between <10 cm was 44.5%, DBH classes
between 10-20 cm was 33.25%, DBH classes between 20-30cm was 12.28%, DBH classes
between 30-40cm was 4.4%, DBH class between 40-50 cm was 4.09% and >50 cm DBH was
1.28% respectively (Figure 9).
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Figure 9: Diameter class distribution

Whereas plotted diagrams of DBH distribution, the DBH distributions also follow a left-
skewed trend in forest plots and a reversed j-shaped curve was obtained indicating most of the
trees in all the strata are younger and only very few proportion of the tree were of bigger
diameter classes and there is high potential to enhance tree biomass stock in future for in the
long run through the conservation and sustainable forest management. The proportion of very
young diameter classes with DBH between <10 cm was 66.90%, DBH classes between 10-20
cm was 20.42%, DBH classes between 20-30cm was 4.93%, DBH class between 30-40 cm
was 2.82%, DBH class 40-50 cm was 1.41% and >50 cm DBH was 5.52% respectively (Figure

10).
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Figure 10: Diameter class distribution in Ratuwamai plantation forests

Page | 21



While plotting a relationship between Seedlings, Saplings and trees in sampled sites an inverted
J-shaped curve has been observed- It means the forest is regenerating type in the the plantation
area (Figure 11).
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Figure 11: Relationship between seedling, sapling and trees density

4.1.2 Basal Area

The overall the total tree basal area at of the Ratuwamai plantation forest was found to be
5.24m? ha™!. While the tree basal area of Sal dominant natural forest was 1.80 m? ha™! followed
by Eucalyptus plantation 1.01 m? ha! and the lowest (0.39 m? ha'!) tree basal area was
expressed by Rubber plantation (Table 2).

Table 2: Forest site wise basal area of key species

SN  |Forest sites Mean basal area (m*ha™)
1 Eucalyptus plantation 1.01
2 Kadam plantation 0.51
3 Pure Sal 1.80
4 Rubber plantation 0.39
5 Simal plantation 0.93
6 Teak plantation 0.60
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4.1.3 Site wise seedling density

The mean seedling density in the Ratuwamai plantation area was found to be 6,807 seedlings
per hectare. Among the different forest strata sampled, the highest seedling density was
recorded in natural Sal Forest with 14,125 seedlings per hectare, followed by pure Teak
plantation with 7,115 seedlings per hectare. The pure Simal plantation had 6,368 seedlings per
hectare, while the lowest density was observed in the Eucalyptus plantation, with only 3,293
seedlings per hectare. Species-wise, Sal (Shorea robusta) showed the highest seedling density
at 20,160 seedlings per hectare, whereas Siris (A4/bizia spp.) exhibited the lowest, with 6,066
seedlings per hectare, as presented in Table 3 below.

Table 3: District wise seedling density of key species

SN |Forest sites Density (ha™
1. Pure Sal
a) [Sal 20,160
14,125
Mean density
Da Pure Eucalyptus plantation
a) Bhati 9,549
b) Eucalyptus 6,366
c) | Sisoo 15,915
d) | Teak 10,610
Mean density 3,293
3. Pure Teak plantation
a) | Sal 6,306
b) Siris 6,066
c) | Teak 8,325
Mean density 7,115
4. Pure Simal plantation
a) | Simal 6,368
Mean density 6,368
5.  |Rubber plantation 0
6  |Kadam plantation 0

4.1.4 Site wise saplings density

The overall mean sapling density in the Ratuwamai plantation area was 577 saplings per
hectare. Among the sampled forest strata, the highest sapling density was recorded in the
natural teak plantation with 1,200 saplings per hectare, followed by the pure Eucalyptus
plantation with 800 saplings per hectare, Rubber plantation with 500 saplings per hectare, and
natural Sal forest with 300 saplings per hectare. The lowest sapling density was observed in
the Simal plantation, with only 200 saplings per hectare. Species-wise, the highest sapling
density was recorded for Teak (1,200 saplings per hectare), whereas the lowest densities were

Page | 23



observed for Simal and Eucalyptus, both with 200 saplings per hectare, as presented in Table
4 below.

Table 4: Site wise saplings density of key species

SN |Forest sites Density (ha™V
1. Pure Sal
b) Sal 300
300
Mean density
2. Pure Eucalyptus plantation
a) Masala 1000
b) Simal 100
c) Teak 1300
Mean density 800
3. Pure Teak plantation
a) | Teak 1200
Mean 1200
4. Pure Simal plantation
a) | Simal 200
Mean density 200
5. ’Rubber plantation 500
Mean density 500

4.1.5 Site wise tree density

The overall mean tree density in the Ratuwamai plantation area was 814 trees per hectare.
Among the sampled forest strata, the highest tree density was recorded in the Teak plantation,
with 840 trees per hectare, followed by the pure Eucalyptus plantation with 1,575 trees per
hectare. The natural Sal forest had 440 trees per hectare, the Kadam plantation had 260 trees
per hectare, and the Rubber and Simal plantations recorded the lowest density, with 100 trees
per hectare each. These values are presented in Table 5 below.

Table 5: Site wise tree density of key species

SN |Forest sites Density (ha™
1. Pure Sal
d) Sal 440
440
Mean

2. Pure Eucalyptus plantation

a) | Bel 20
b) | Eucalyptus 6,040
c) | Sissoo 40
d) | Teak 200
Mean 1,575
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3. Pure Teak plantation

a) Teak 840

Mean 840
4. Pure Simal plantation

a) | Simal 100
Mean 100
5. ’Rubber plantation 100
Mean 100
6. Kadam 260
Mean 260

4.2 Status of Natural Regeneration in Ratuwamai plantation sites

The status of the natural regeneration in the Ratuwamai plantation was found to be excellent
as the overall mean of the seedlings was found to be 8, 655 seedlings per hectare. The forest is
considered good if the average number of the seedlings is above the 5000 per hectare
(MoFSC/CPFD, 2000). In the present study the number of the seedlings per hectare are
comparable with the numbers of seedlings in the forest floor of the various forest types of Nepal
i.e. the average number of seedlings in the study sites in both the natural forest on steep slope
and seedlings in shrub land on valley on the were slightly higher than the number of seedlings
present in the forests of the Churia (19,805 seedlings per hectare) and Terai forest (29,649
seedlings per hectare). This might be due to the better forest management and timely
silvicultural treatments and practices adopted and better forest protection (restriction on open
grazing, lopping, fodder collection, illicit felling, encroachment to the forest land etc.).

4.3 Standing tree volume

The volume assessment of different forest sites reveals significant variation in timber stock.
Pure Sal forest exhibits the highest volume at 122.6 m® ha™!, closely followed by eucalyptus
plantations at 119.0 m? ha’!, indicating their strong potential for timber production. Teak
plantations show moderate volume with 17.8 m? ha’!, reflecting their slower growth compared
to fast-growing species. In contrast, rubber, kadam, and Simal plantations demonstrate very
low volumes of 0.3, 1.4, and 0.7 m® ha! respectively, suggesting limited timber yield or
younger stands. Comparing these data with the national level as published by FRA 2015,the
estimated total stem volume is (164.76 m3 /ha).while the total stem volume in the Ratuwamai
plantarion foret is slightly below as compared to the national average and highest was shown
by Sal i.e 122 m3/ha). Also, The FRA 2015 showed that in High Mountains and High Himal
physiographic regions together has the highest stem volume per hectare (225.24 m3 /ha)
whereas Middle Mountains has the lowest stem volume per hectare (124.26 m3 /ha). Terai and
Churia regions have 161.66 m3 /ha and 147.49 m3 /ha, respectively. These values of present
study in Ratuwamai are presented in Table 6 below.

Table 6: Site wise standing tree volume in Ratuwamai

Forest sites Volume (m*ha)
Eucalyptus plantation 119.0
Kadam plantation 1.4
Pure sal 122.6
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Rubber plantation 0.3
Simal plantation 0.7
Teak plantation 17.8

The species wise net timber volume and fire wood stock in the Ratuwamai plantation forest is
dominated by Eucalyptus (3,067.19 cubic feet) and Sal (2,562.19 cubic feet), which together
account for the majority of the merchantable wood, while Teak contributes a smaller but
significant volume (490.63 cubic feet). Minor species such as Kadam (37.87 cubic
feet), Simal (21.15 cubic feet), Mixed species (16.65 cubic feet), Bel (33.92 cubic
feet), Rubber (8.17 cubic feet), and Sissoo (8.66 cubic feet) make up the remaining timber
stock. Additionally, firewood (Chatta) volumes are highest for Eucalyptus (7.42 units) and Sal
(5.06 units), with negligible quantities from other species, reflecting their secondary use as
fuelwood. This distribution highlights the plantation's reliance on fast-growing Eucalyptus and
high-value Sal for timber production, with limited but diverse contributions from other species
as provide in table 7.

Table 7: Species wise net tree volume and fire wood stock in Ratuwamai

Species Net volume (Cubic feet) Fire wood (Chatta)
Eucalyptus 3,067.19 7.42
Kadam 37.87 0.10
Mixed species 16.65 1.02
Rubber 8.17 0.02
Sal 2,562.19 5.06
Simal 21.15 0.05
Sissoo 8.66 0.05
Teak 490.63 1.23
Bel 33.92 0.08

4.4 Sapling biomass and carbon stock

Below table 6, presents biomass and carbon stock data (in tonnes per hectare) across five forest
strata, highlighting variations in carbon sequestration potential among different plantation
types. Eucalyptus plantations exhibit the highest biomass (5.12 t ha!) and carbon stock (2.41 t
ha!), indicating their superior capacity for carbon storage compared to other species. This may
be attributed to their fast growth rate and high wood density.

The overall mean biomass across all strata is 2.30 t ha™!, with an average carbon stock of 1.08
t ha'l. These averages are heavily influenced by the high biomass of eucalyptus, which skews
the mean upward. This analysis underscores the importance of species selection in forest
planning for optimizing carbon sequestration and contributing effectively to climate change
mitigation goals.

Table 6: Site wise sapling biomass and carbon stock in Ratuwamai

| SN | Forest strata Biomass (tha!) | Carbon (tC ha'!) |
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1 | Eucalyptus plantation 5.12 2.41
2 | Pure Sal 2.23 1.05
3 | Rubber plantation 1.28 0.60
4 | Simal plantation 0.51 0.24
5 | Teak plantation 2.33 1.10
Mean 2.30 1.08

4.5 Tree biomass

The provided table 7, compares the mean biomass and carbon stock across six different forest
strata: Eucalyptus, Kadam, Pure Sal, Rubber, Simal, and Teak plantations. Among these, Pure
Sal (Shorea robusta) exhibits the highest biomass at 25.1 t ha! and carbon stock at 9.8 tC ha-!,
highlighting its significant ecological role in carbon sequestration and forest productivity. Sal
forests are naturally dense and slow-growing hardwood stands, making them valuable not only
for timber but also for climate mitigation through carbon storage. Following Sal, Eucalyptus
plantations show the second-highest biomass (8.1 t ha'!) and carbon (3.2 tC ha™), indicating
moderate carbon sequestration potential. Eucalyptus is a fast-growing species used widely in
commercial plantations, though its ecological impacts, such as high-water consumption and
poor understory biodiversity, should be considered in afforestation programs. Teak plantations
demonstrate intermediate values with 3.2 t ha'! biomass and 1.3 tC ha™! carbon stock. While
Teak is a high-value timber species, its moderate carbon stock suggests younger plantation age
or intensive harvesting practices. The remaining forest strata like Kadam, Rubber, and Simal
plantations showed relatively low biomass and carbon values. Kadam and Simal have biomass
below 2.5 t ha! and carbon stock under 1.2 tC ha’!, reflecting limited carbon sequestration
capacity, likely due to their lightweight wood and fast growth. Rubber plantations perform the
lowest in terms of carbon (0.5 tC ha), indicating that while economically important, their
ecological contribution to carbon storage is minimal. The FRA 2015, estimated that the total
above-ground air-dried biomass in the Forest of Nepal is 1,159.65 million tonnes with average
194.51 t/ha (FRA,2015).

Overall, the data suggests that native forests like Pure Sal offer the highest ecological benefits
in terms of biomass and carbon storage. Plantation forestry, especially with exotic or fast-
growing species, must be carefully planned, considering both short-term economic gains and
long-term environmental sustainability. Integrating native species into reforestation efforts can
significantly enhance carbon stocks and ecosystem resilience.

Table 7: Site wise tree biomass and carbon stock in Ratuwamai

Forest strata Mean Biomass (t ha™) Mean Carbon (tC ha™)
Eucalyptus plantation 8.1 3.2
Kadam pantation 23 0.9
Pure Sal 25.1 9.8
Rubber plantation 1.3 0.5
Simal plantation 1.8 0.7
Teak plantation 3.2 1.3
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Similarly, the below table 8, provides the species wise forest biomass and carbon stock in the
Ratuwamai plantation forest.

The table presents species-wise mean biomass and carbon stock values in the Ratuwamai
plantation area, highlighting significant variation in carbon sequestration potential among
different forest strata. Among all species, Sal (Shorea robusta) stands out with the highest mean
biomass of 32.3 t ha! and carbon stock of 12.6 tC ha’!, reaffirming its vital role in forest-based
climate mitigation strategies. Sal’s performance in Ratuwamai aligns with national-level forest
assessments where natural Sal forests, particularly in the Terai region, often exhibit high
biomass (up to 200 t ha') and carbon values (above 80 t ha'! in mature stands), though
plantation stocks are lower due to younger age or density.

Comparatively, Eucalyptus, a fast-growing exotic species, showed moderate values (8.1 t ha'!;
3.2 tha), consistent with national trends where its productivity is high but ecological benefits
are debated. Sissoo (Dalbergia sissoo), a nitrogen-fixing species with multiple uses, also
presents a reasonable biomass-carbon balance (6.8 t ha'!; 2.7 tC ha™), making it favorable for
agroforestry systems. On the lower end, species like Rubber (1.3 tha''; 0.5 tC ha''), Simal (1.5
tha'; 0.6 tC ha'), Teak (2.9 t ha!; 1.1 tC ha!), and Kadam (2.3 ; 0.9 tC ha') demonstrate
limited carbon storage capacity. These values fall significantly below the national forest
average, where Nepal's mid-hill forests store around 100 t ha'! biomass and 45 tC ha! on
average. In summary, Ratuwamai’s forest composition shows that native and site-suitable
species like Sal, Bel, and Pithari offer higher ecological returns. The results emphasize the need
to prioritize such species in reforestation and agroforestry initiatives to enhance biomass
productivity and climate resilience across Nepal.

Table 8: Species wise biomass and carbon stock in Ratuwamai

Forest strata Mean Biomass (t ha!) Mean Carbon (tC ha ')

Bel 15.5 6.1
Eucalyptus 8.1 3.2
Kadam 2.3 0.9
Sindure 53 2.1
Pithari 9.2 3.6
Rubber 1.3 0.5
Sal 32.3 12.6
Simal 1.5 0.6
Sissoo 6.8 2.7
Teak 2.9 1.1
Total 85.2 334

4.6 Total vegetation carbon stock in Ratuwamai pentation forest

The Ratuwamai plantation forest exhibits significant variation in carbon storage across its tree
species, with Sal (13.65 tC ha™!) emerging as the dominant carbon sink, reflecting its ecological
importance and high biomass accumulation. Eucalyptus (5.61 tC ha') and Bel (6.1 tC ha"
1 also contribute substantially, while Teak (2.2 tC ha), Sissoo (2.7 tC ha™!), and Pithari (3.6
tC ha'!) show moderate carbon stocks. Minor species like Kadam (0.9 tC ha''), Mixed species
(2.1 tC/ha), Rubber (1.1 tC ha™'), and Simal (0.84 tC ha™') play smaller but notable roles in the
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plantation’s carbon sequestration. The total mean forest carbon stock (without soil) in
Ratuwamai collectively was found to be 38.8 tC ha™!, demonstrating its potential for climate
mitigation. The disparity in carbon stocks underscores the value of Sal and Eucalyptus for
carbon-focused forestry, while the diversity of other species enhances ecological resilience.
While comparing with the national average, the total carbon stock in Nepal’s Forest has been
estimated as 1,054.97 million tonnes i. e in an average the mean carbon was 176.95 t/ha with
soil carbon. Out of this total, tree component (live, dead standing, dead wood and below-ground
biomass), forest soils, and litter and debris constitute 61.53%, 37.80 %, and 0.67%,
respectively.

Table 9: Species wise total carbon stock in Ratuwamai

Forest strata Vegetation carbon stock (tC ha 1)

Bel 6.1
Eucalyptus 5.61
Kadam 0.90
Mixed species 2.1
Pithari 3.6
Rubber 1.10
Sal 13.65
Simal 0.84
Sissoo 2.7
Teak 2.20
Total Forest Carbon (tC ha!) 38.8

4.7 Total carbon stock and Carbon dioxide equivalent in Ratuwamai pentation forest
The Ratuwamai plantation forest, covering 3,125.32 hectares, demonstrates significant carbon
sequestration potential with a total carbon stock of 121,262.41 metric tons (38.8 tC ha™!) and
an equivalent carbon dioxide storage of 445,033.67 metric tons (calculated using the IPCC
standard conversion factor of 3.67). This substantial carbon pool, equivalent to offsetting
annual emissions of approximately 96,000 Nepalese citizens, is primarily driven by high-
carbon species like Sal (13.65 tC ha'') and supplemented by Eucalyptus (5.61 tC ha') and other
mixed species. The forest's carbon density highlights its critical role in Nepal's climate
mitigation efforts and suggests strong potential for participation in carbon credit mechanisms
such as REDD+. These findings underscore the importance of maintaining and expanding such
plantations to meet national carbon targets while promoting biodiversity conservation. For
optimal carbon management, future strategies could focus on enhancing Sal-dominated stands
and implementing regular carbon monitoring through advanced remote sensing technologies.
The data provides a robust baseline for evaluating the plantation's contribution to Nepal's
Nationally Determined Commitments under the Paris Agreement.

Table 10: Total carbon stock and carbon dioxide equivalent in the in Ratuwamai

Forest name

Total Area of the
plantation

Total Carbon
Stock (tC ha 1)

Total carbon
stock (tC)

Total carbon
dioxide
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equivalent
stock (tCOze)
Ratuwamai 3125.32 38.8 121,262.41 445,033.67
forest area
Total 3125.32 38.8 121,262.41 445,033.67

4.8 Decadal land use change pattern in the Ratuwamai plantation area
The land use change map of each studied district had been developed. The two-time series land
use change maps (2010 and 2023) have been developed. The key results show that there has
been increased in grassland in 2023- converging forest area to grassland (Figure 12a, 12b).
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Figure 12a: Land use and land cover map of Ratuwamai plantation area 2010
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Figure 12b: Land use and land cover map of Ratuwamai plantation area 2023
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4.9 Encroachment areas in Ratuwamai Plantation Sites

The below figure 13 showed the key encroachment areas. The Encroachment Map of
Ratuwamai Plantation presents a critical spatial assessment of human-induced pressures on this
ecologically significant region, revealing distinct zones of unauthorized land use that threaten
both biodiversity and sustainable land management. The map’s legend clearly
demarcates boundary lines, fire lines, football grounds, and encroachment areas, providing a
visual representation of where human activities are infringing upon designated plantation
limits.
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Figure 13: Encroachment are map of Ratuwamai plantation in 2025

The encroachment data from Ratuwamai Plantation reveals a complex and pressing land
management challenge, with a total of 187.5 hectares (ha) of land being unlawfully occupied
across various sectors.
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Figure 13a: Encroachment are map of Ratuwamai plantation by category in 2025
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4.10 Flood plain areas in Ratuwamai Plantation Sites
The Flood Plain Map (figure 14) of Ratuwamai Plantation provides a critical spatial

representation of areas vulnerable to seasonal inundation, delineating both the plantation’s
formal boundaries and the extent of flood-prone zones within its landscape.
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Figure 14: Flood plain area map of Ratuwamai plantation in 2025

The flood plains in Ratuwamai Plantation play crucial ecological roles as natural water
reservoirs and erosion buffers, supporting biodiversity. However, without detailed data on
human infrastructure within these areas, it's difficult to fully assess potential risks to people
and property from flooding.

Flood plains in the Ratuwamai Plantation are vital for water management, flood control, and
biodiversity. However, threats such as deforestation and unplanned development put their
ecological functions at risk. Integrated management, including zoning, community monitoring,
early warning systems, and restoration of native vegetation, is essential to preserve these
important areas.

4.11 Elephant corridors in Ratuwamai
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The below figure 15 highlights a crucial Asiatic Elephant Corridor near the Ratuwamai
Plantation Project and Koshi Tappu Wildlife Reserve in Nepal’s Eastern Lowlands. This
corridor serves as a lifeline for elephants, enabling them to move between fragmented habitats,
access water, and maintain genetic diversity. The region’s dense forests and riverine
ecosystems provide essential resources, but increasing human activities such as agriculture,
settlements, and commercial plantations have encroached upon these pathways. The corridor’s
preservation is vital not only for elephant survival but also for maintaining ecological balance,
as elephants play a key role in seed dispersal and forest regeneration. However, habitat
shrinkage has intensified human-elephant conflict (HEC), with elephants frequently raiding
crops in search of food, leading to economic losses for farmers and retaliatory actions such as
electric fencing or even poisoning. The conflict is exacerbated by infrastructure projects that
block traditional migration routes, forcing elephants into human-dominated areas. Without
intervention, this cycle of habitat loss and conflict will worsen, threatening both wildlife and
local livelihoods.
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Figure 15: Elephant corridor area map of Ratuwamai plantation

Sustainable Solutions for Coexistence and Conflict Mitigation

Based on the intensive discussions with the local communities and key stakeholders to address
these challenges, a multi-pronged, community-driven approach is essential. First, habitat
restoration must be prioritized by securing the elephant corridor through legal protection and
reforestation with native plant species. Buffer zones should be established between forests and
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farmlands to minimize encounters. Second, community-based mitigation strategies, such as
early warning systems using SMS alerts or drones, can help farmers prepare for elephant
movements. Non-lethal deterrents like beehive fences and chili barriers have proven effective
in steering Elephants away from crops without harm. Additionally, compensation schemes for
crop damage can reduce hostility and foster tolerance. Third, promoting elephant-friendly
farming such as cultivating crops like Mentha, Chamomile, Lemongrass, Turmeric, Ginger, or
lemongrass that elephants avoid can reduce economic losses. Finally, education and alternative
livelihoods, such as forest and NTFPs/MAPs based small and micro enterprise development,
eco-tourism or handicraft production, can lessen dependence on forest resources while raising
awareness about conservation. Collaboration between governments, NGOs, and local
communities is critical to implementing these measures effectively. By adopting sustainable,
win-win solutions, Nepal can protect its elephant populations while supporting the well-being
of rural communities, ensuring long-term harmony between humans and wildlife.

4.12 Cost and benefit analysis

The financial viability of the Ratuwamai Plantation Project was assessed through standard cost-
benefit analysis, yielding positive NPV and BCR results as shown in below table 11,
confirming the project's economic feasibility. Since the Net Present Value (NPV) is positive
and the Benefit-Cost Ratio (BCR) exceeds one, this project can be profitably implemented
based on financial analysis.
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4.12 Key threats to the forest and biodiversity in Ratuwamai plantation sites

Based on the field inventory and sample plot measurement the major threats to forests were
identified and validated through the key informant interviews and focus group discussions: The
key threats identified were Uncontrolled grazing; Encroachment; Lopping; Forest fire; Soil
erosion; Invasive Alien Species (IAS), Illegal harvesting, Wild elephant movement and climate
change. The field level data and information were triangulated and validated though the focus
groups discussions and key informant interview (Figure 16). The figure indicates that open
grazing, lopping, forest fire, and soil erosion were the highest in terms of its frequency and
occurrence followed by the IAS and illegal harvesting.
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Figure 16: Key threats to the forest and biodiversity conservation in Ratuwamai plantation
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S RECOMMENDASTIONS ON SFM MODEL IN RATUEWAMAI

5.1 Project background

The Forest Products Development Committee was established in accordance with the Forest
Produce Development Committee (Statute) Order 2033, under the Development Committee
Act of 2013, by the Government of Nepal. Operating under the Ministry of Forest and Soil
Conservation, the committee aims to cultivate wood, firewood, and other forest products
through the effective management of rapidly growing tree species. It also focuses on overseeing
the utilization, sale, and distribution of these forest products while creating employment
opportunities for local communities surrounding the projects. Currently, the committee
manages the Sagarnath Forest Development Project and the Ratuwamai Tree Plantation
Project, the latter of which commenced in Jhapa district in the fiscal year 2035/36 BS, funded
by the committee's own financial resources. The project office is situated in Kerkha, within
Kamal Rural Municipality Ward No. 3. The Ratuwamai Tree Plantation Project encompasses
an area of 3,125.31 hectares, bordered by the Kankaimai River to the east, Ratuwa Khola to
the west, and extending north to Chulachuli and Mai municipalities in Ilam district, while the
southern boundary includes Shivashatakshi, Kamal rural municipality, and Damak
municipality in Jhapa district.

5.2 Types of forests of the area

The project area has both natural and plantation forests. The northern Satakshidham region
hosts a natural forest predominantly composed of Sal species (Shorea robusta) covering 268
hectares. Additionally, naturally occurring Simal trees and shrubs populate the banks and
surrounding regions. On the other hand, the plantation forest includes fast-growing Eucalyptus
and Teak species, with rubber and agarwood trees introduced on a trial basis across five
hectares in the Kerkha area during the fiscal year 2073/74 BS. The forests of the area have been
divided into 26 compartments for management purposes. Compartment 4 covers the Sal natural
forests of Sal. Other compartments are the plantation forests of fast-growing species,
Eucalyptus and Teak. Four compartments (1, 2, 3 and 22) are Teak plantation sites whereas
remaining 21 compartments include Eucalyptus plantations.

5.3 Major problems and issues of the project

There are several persistent problems and issues related to the forest management of the
project area. These are:
a) Open grazing: Open grazing presents a significant challenge in the project area.

b) Illegal cutting of trees: Illegal harvesting of trees has emerged as a significant issue
within the project area.

¢) Construction of cemetery in the forest area: Graveyards have been established over
an area of 26 hectares in the Eucalypts plantation sites Kirantchowk, Milanchowk,
Dudhe village west, Jhiljheel village west, Sano Kerkha, and Lakhanpur, located on the
western side of Kerkha Bazaar along the highway.
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d) Pig's den inside the forest. It has been observed that about 5 hectares of land within
the project area have been used for pig farming, with pig sheds established by
communities residing on the south side of the highway illegally.

e¢) Encroachments: The Ratuwamai Tree Plantation Project is facing significant pressure
from various encroachments on its forest area. Both institutional and individual entities
have contributed to this issue, with encroachments reported from village development
committees, tribal federations, and community forest user groups, among others,
particularly in the Dudhe region. Additionally, illegal constructions of monasteries have
been observed in the Shasakshidham and Jhiljheel areas, further exacerbating the
situation.

f) No specific management plans have been developed, approved and implemented for
the forests of the project area. Natural Sal forests have been just protected without any
specific management plan resulting in the degradation of the forests. Even though the
plantation forests were established to produce the different forest products and supply
them to the market regularly, there is no specific harvesting plan with supporting
silvicultural system and market link to supply the harvested forest products.

g) No properly managed log yards: There are two log yards, one at Kerkha and one at
Jhiljheel of the project area. However, the log yards have not been properly managed.

h) Lack of coordination among the different institutions and stakeholders

i) Staff Management. The prolonged inactivity of the project, particularly in the
management and sale of forest products, has resulted in employees going without
salaries for an entire year. This situation underscores the severe repercussions of the
project's operational difficulties, which directly affect the livelihoods of its workforce.
Employees rely on income generated from the sale of forest products to receive their
salaries and to sustain office operations.

j) Harvested timber could not be sold because of the high price. The policy that does
not allow lowering the price as per the market demand is a problem.

k) Human-wildlife conflict. There is also a human-wildlife conflict in the project area
as the project is within the elephant corridors of the region.

5.4 Insights from the KII and FGD

During the Key Informant Interviews (KII) and Focus Group Discussions (FGD) concerning
the current challenges and issues, as well as the prospective Sustainable Forest Management
(SFM) model for the Ratuwamai Plantation Project Area, several insights and
recommendations were gathered. It was noted that most of the problems identified by
participants were consistent with those outlined in Section 5.4. However, opinions regarding
the future SFM model varied significantly among different individuals and groups involved in
the discussions. These are discussed briefly below.

1. Public Private Partnership (PPP) should be the future SFM model for the project

area. The main focus of the idea is that the project was established to plant the fast-
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growing species to supply the forest products to the market for forest-based industries;
and generate the local employment, which is still valid and appropriate for the project.
In this context, it is imperative to involve the private sector in management of the forests
of the project area (plantation, maintenance and harvesting and selling to the market).
This will solve most of the problems and issues that the project is facing now.

The project area was occupied by settlers before BS 2032. This was cleared in 2032,
which was really a good step taken and saved the area from being private property.
Later in 2035/36, the project was developed and implemented replicating the concept
of Sagarnath Forest Development Project. At that time, it could have been a good idea.
However, now there is no relevancy to this project as it has not been generating local
employment. In this context, this area should be handed over to the local bodies
(Palikas) for fruit cultivation. This view was from a ward chairperson of Ward no 4 of
Kamal Municipality.

. Development of ecotourism could be one option as there are number wetland sites
which can be developed as lakes. The government itself should not run the business as
it will not be able to meet the cost of the business. With some condition, private sector
should be given opportunity to do the business.

. Because of Elephant problem, cultivation of fruit trees would be feasible. Fruit tree
plantation along with ecotourism development is possible. Ther is also the possibility
of developing a wildlife breeding center.

. Prasad Subba, who was involved in NTFP/MAP plantation and extracting essential
oil described a very interesting success story. According to him, there was a very good
and effective practice of intercropping of NTFP/MAP about 12-15 years ago. He paid
Rs 600/hectare as the rent for cultivating NTFP/MAP. He established a distillation plant
for extraction of essential oil of different species including Babari and Tulsi plants. He
was able to provide employment for a lot of people in the area. Employees would work
in the plantation, harvesting and transporting NTFP/MAP to the distillation plants. He
said, there was no loss for him from the business. However, he said he was not able to
export the essential oils he produced himself directly because he did not have an export
license. Therefore, he completed to export the essential oils through third party broker.
Because of this he did not get as much benefits as it could have been from the business.
He said the model could be re-started again as demand of essential oils is increasing
and there is an ample opportunity to grow NTFPs/MAPs in the project area especially
aligned with the harvesting and replanting of Eucalyptus and Teak trees. Now it would
be best if the model could be re-established; otherwise, it should be handed over to the
Jadibuti company (Herbs Production and Processing Co Ltd) to go for Tamagadi and
Tarahara model.

Some also suggested that there should be a policy like Tea-Estate (Chiya Bagan).

. Most of the participants said that Eucalyptus plantation has decreased the water table
in the area.
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8. There was also a consensus among the participants that because of some policy hurdles,
the project could not sell the timber collected last year. Because of the new volume
calculation formula prescribed, business who used to buy the timber from the project
went for other options.

5.5 Recommended integrated SFM model for the project area.

Based on analysis of the project establishment and its objectives, field level observation and
discussion with all stakeholders especially with the local people and project staff for this study
and other literature, it is recommended that different forest types of the project area should be
managed following the integrated forest managed principles as follows.

Silviculture-based active Sustainable Forest Management or Scientific Forest
Management of natural Sal Forests. For this, detailed SFM plans for the Sal forests of the
area (Figure 17 ) should be developed. The rotation period of the Sal needs to be revised after
conducting research on the demand of size of the sawn timber in the market. We think the
rotation period of Sal from 80 years can be reduced to 60 years. An irregular Shelterwood
system may be the best for the area.

SAL Forest “@E

Legend
I s 1.05 0 1 2 3 4

I:l Ratuwamai Plantation Area HH —— JKilometers

Figure 17: Sal dominant plot in Ratuwamai

Clear feeling of mature Eucalyptus and Teak plantation and re-planting new seedlings in the
areas, with suitable rotation period — (about 10-15 years for Eucalyptus and 10-25 years for
Teak). The area is not prone to landslide and heavy soil erosion and the project was established
with objectives of supplying the forest products from fast growing short rotation species, which
is still valid and appropriate for the project. Therefore, word “Clear feeling” should not be
taken negatively for the project area (Figure 18,19 and 20).
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Figure 18: Eucalyptus dominant plot in Ratuwamai
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Figure 19: Teak dominant plot in Ratuwamai
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Figure 20: Kadam dominant plot in Ratuwamai

When clear feeling of mature Eucalyptus and Teak trees is done and new plantation will be
started, a successful model previously used — intercropping of NTFP/MAP species should be
re-established in collaboration with the private sector to produce essential oils. Even
Eucalyptus leaves can be used in this process. It will generate local employment and local
forest-based entrepreneurs will be actively involved in the management of plantation forests.
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Since, market for timber harvested during the clear feeling could be uncertain and volatile, it
would be good idea work with private sector especially forest-based industries and sign
agreement for the PPP.

Local governments should also be involved in the process. For this, some areas can be allocated
for ecotourism development. Palikas will invest, develop ecotourism and operate as per the
agreed conditions. Revenue collected from the ecotourism will be shared between the Palikas
and the project. The ecotourism areas will have also parks for children and some playgrounds
for youngsters such as football grounds. This will help local people and youths actively
involved in the forest management of the project area. This will also help solve the problem of
graveyards in mutual understanding. The areas for ecotourism development needs to be
selected considering different aspects of forest management, as well as other factors such as
religious tourism in Satakshidham, for example. When ecotourism is developed, some artificial
lakes could be created, which will help recharge the underground water in the area.

From the literature and field observation and interactions with the local stakeholders, it seems
that active timber production-oriented management of Sal could be implemented in about 250-
300 hectares. Similarly, clear feeling Eucalyptus and Teak plantation management area will be
about 2400 ha. In this way, about 2700 ha of forest area will be managed sustainably. If about
200-300 ha of area is protected for conservation purposes, about 100 -200 ha of area will be
available for ecotourism, parks and playgrounds for local people.

This is the best integrated SFM model recommended for the Ratuwamai Plantation Project
area. A detailed description of this model is presented in the following section.

5. 6 Possible re-plantations of MAPs/NTFPs in Ratuwamai

The proposed re-plantation sites within the Ratuwamai plantation area represent key
opportunities for ecological restoration, targeting around 720 hectares of degraded or
vulnerable land. These locations were selected for their potential to restore ecosystem
functions, protect watersheds, and connect habitats. The plan emphasizes scientific site
selection, native species use, and robust monitoring, while stressing the importance of
community involvement and resolving land tenure issues. Integrated with previous analyses,
the approach aims to address both environmental and socioeconomic challenges, creating a
replicable model for participatory forest management and sustainable landscape recovery
(Figure 21).
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Figure 21: Potential re-plantation sites inside Ratuwamai plantation site

5.7 Private Sector Engagement and Livelihood Development Model

The Ratuwamai plantation has significant potential for cultivating essential oil-bearing plants
like Lemongrass, Citronella, Palmarosa, and Mentha, which can boost local livelihoods and
provide revenue for the project and government. Previously, about 1,000 hectares were
cultivated under a lease system, but production halted due to risks like forest fires, market
instability, limited technical knowledge, and lack of quality seeds. There are plans to allocate
up to 720 hectares for future cultivation, with potential for further expansion if inputs and
support improve.

Processing of Medicinal and Aromatic Plants for Essential oils
e Present status of the processing enterprise

Production of essential oils at the Ratuwamai site peaked at 10,000 kilograms in 2020 but has

since halted, largely due to underutilization and operational challenges within the processing

enterprise. The main issue is an insufficient and inconsistent supply of raw materials,

preventing year-round operation. Experts suggest that a sustainable mix of perennial and annual
lants is needed to ensure continuous processing and optimal use of the distillation unit.

e Technically the area is feasible to grow | e Dependency in international markets
essential oil-bearing plants as there is and high fluctuation of price, mainly for
irrigation facility and fertile soil. Chamomile;

e There are many open areas in the forests | ¢ Labor shortage due to out-migration of
that are suitable to cultivate lemongrass, youths;
citronella and Palmarosa. Additionally, | e There is a chance of crop failure due to
there is a potentiality of cultivation the poor seed and seedling quality, and
under the electric grid lines. outbreak of diseases, insects and pests;

e Availability of DFOs, local government, | @ Occasional forest fire may damage
FLBEH program for services; Lemongrass, Citronella and Palmarosa

e Increasing local, national, and grown in Ratuwamai plantation area.
international markets of the essential
oils and its products.
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Marketing of essential oils
Dharan, Biratnagar, Ithari, Nepalgunj and Kathmandu are growing major markets for essential
oils from the project area. The buyers buy the oils from Ratuwamai directly or through their
middlemen. The exporters in Kathmandu and Nepalgunj export the oils to India, Europe and
North America. The schematic diagram of essential oils supply chain from Ratuwamai
plantation in the past is presented below (Figure 22) and the sustainable MAPs/NTFPs based
enterprise model is given in figure 23 respectively.
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Figure 22: Supply chain of the essential oils from Ratuwamai plantation

Figure 23: Sustainable MAPs/NTFPs enterprise model in Ratuwamai
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5.8Institutional frameworks for the management of the recommended
model

Institutional framework for the management of the recommended model needs to be discussed
with all stakeholders including federal government, provincial government and local
governments as well as other stakeholders including private sectors. It is highly recommended
that the recommended Integrated SFM Model for the Ratuwamai plantation project area
should be managed by the Ministry of Forests and Environment of the Provincial government.
A Multistakeholder Management Committee under the chairmanship of the Secretary —
Ministry of Forests and Environment- Provincial government of Koshi should be formed for
this purpose.

5.9 Key Recommendations for the biodiversity conservation

The study, based on the results concludes that diverse social, cultural and ecological settings
and highly dependent on forest resources have invited different anthropogenic risks such as
firewood collection, uncontrolled grazing and lopping, illegal timber extraction and
deforestation. Thus, the Ratuwamai plantation project has an enormous potential to contribute
to the maintenance and enhancement of forest biodiversity and other ecosystem services like
forest carbon benefits and the co-benefits of biodiversity conservation, livelihood generation,
and climate change adaptation and mitigation. This would be achieved through the conversion
of shrubland into forests promoting natural regeneration and re-plantations; improving value
chains for non-timber forest products, pastoralism, and improved grazing; and bringing all
stakeholders at a common platform.

A) Build capacity of communities and other relevant stakeholders at the local level: Local
communities and Other relevant stakeholders such as government line agencies (district forest
office), forest user groups, district FECOFUN chapters and local NGOs working in
conservation field could contribute to raising awareness, develop local capacity on SFM,
Biodiversity conservation, Human-Elephant conflict management, entrepreneurship
development, business planning and marketing and REDD+ and the establishment and
maintain the database at the subnational level. Thus, periodic capacity building activities are
crucial to enhancing and refresh the knowledge and skills of sustainable forest management
units and other relevant stakeholders for participating in the REDD+ process.

B) Secure and Restore Critical Elephant Corridors

The Ratuwamai Plantation Forest serves as a vital Asiatic elephant corridor, connecting
fragmented habitats between Koshi Tappu Wildlife Reserve and other forested areas.
Immediate action is needed to halt encroachment, remove illegal settlements, and restore
degraded sections of this corridor. This involves detailed demarcating boundaries with GPS
mapping, replanting native vegetation, and creating buffer zonesto minimize human
interference. Collaboration with the Department of Forests, local communities, and
conservation NGOs is essential to enforce anti-poaching laws and prevent further habitat loss.
Restoring this corridor will reduce human-elephant conflicts (HEC), ensure genetic diversity
among elephant populations, and maintain ecosystem balance.

1. Implement Community-Based Early Warning Systems for Human-Elephant Conflict
(HEC) Mitigation
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Crop raiding by elephants is a major livelihood threat for local farmers. Installing real-time
early warning systems such as SMS alerts, motion-sensor cameras, or community drone patrols
can help farmers prepare and deter elephants before they enter farmlands. Training local rapid
response teams to safely guide elephants away using flares, noise makers, or trained elephants
(kumkis) can prevent retaliatory killings. Additionally, compensation schemes for crop
damage must be streamlined to ensure timely payouts, reducing hostility toward wildlife. This
approach protects both livelihoods and elephants, fostering coexistence.

2. Promote Elephant-Friendly Farming and Agroforestry

Encouraging farmers to shift from elephant-attractive crops (rice, sugarcane) to deterrent crops
(turmeric, chili, lemongrass, ginger) can drastically reduce HEC. Introducing beehive
fences (elephants fear bees) and chili-grease barriers as natural repellents can further safeguard
fields. Agroforestry models—integrating fruit trees, medicinal plants, and timber species—can
diversify income while maintaining forest cover. Government and NGOs should
provide subsidies, training, and market linkagesto incentivize this transition,
ensuring economic resilience and ecological sustainability.

C) Strengthen Forest Governance Through Participatory Conservation

Current forest management often excludes local voices, leading to illegal logging and weak
enforcement. Establishing Community Forest User Groups (CFUGs) with legal authority to
monitor and protect forests can improve governance. Joint patrols involving forest officials,
police, and locals can curb illegal activities. Additionally, revising land-use policies to
prioritize conservation-compatible livelihoods (e.g., eco-tourism, handicrafts) over destructive
practices (e.g., monoculture plantations) is critical. Transparent benefit-sharing
mechanisms (e.g., ecotourism revenue) will enhance local support for conservation.

D) Develop Eco-Tourism and Nature-Based Livelihoods

Ratuwamai’s biodiversity offers untapped eco-tourism potential. Developing guided wildlife
tours, birdwatching trails, and homestays can generate income while promoting conservation
awareness. Training locals as nature guides, craftsmen (using sustainable NTFP products), and
hospitality workers ensures equitable benefits. Partnerships with travel agencies and
conservation NGOs can market these initiatives. A portion of tourism revenue should
fund community conservation projects, creating a self-sustaining conservation economy.

E) Conduct Scientific Research and Adaptive Management

Long-term conservation requires data-driven strategies. GPS collaring elephants to track
migration patterns, biodiversity surveys, and soil/water quality assessments will inform
adaptive management. Establishing a local research station in collaboration with universities
can facilitate ongoing monitoring. Findings should guide policy adjustments, ensuring
interventions remain effective amid climate change and land-use shifts.

F) Enhance Policy Coordination and Funding Mechanisms:

Fragmented governance undermines conservation. A dedicated multi-stakeholder task
force (government, NGOs, communities) should oversee Ratuwamai’s management. Increased
funding from conservation grants, carbon credits, and corporate CSR programs must be
secured. Policies should incentivize private sector involvementin restoration projects
(e.g., biodiversity offsets for industries). Legal recognition of Indigenous and local
knowledge in forest policies will ensure culturally appropriate solutions.
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These urgent, actionable recommendations integrate ecological, social, and economic benefits,
ensuring Ratuwamai’s forests thrive while supporting local communities. Immediate
implementation with government leadership, community participation, and scientific backing
can transform Ratuwamai into a model of sustainable forest management in Nepal.
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Annexes:

Annex I: Data collection sheet

Plot No.:
Strata:
District:

Measurement
started at:

Date: /

(time e.g. hour : minute)

/2010 | (dd/mmiyyyy)

Team leader:

Team members:

Rough sketch showing the plot:

References for the plot centre:

1. Background information

CFUG Name:

Forest Name:
Block number:

2. Plot informantion

Forest type:
Aspect:

Soil type:

fire:

fodder collection:
grazing:

fuelwood collection:
timber harvesting:
encroachment

wildlife:
soil erosion:

Please circle one
natural / plantation

N, S, E, W, NE, NW, SE, SW, Flat

clayey, loam, sandy, boulder
Yes / No
Yes / No

Yes / No

Yes / No

Yes / No

: Yes /No
Yes / No
Yes / No

Any additional information

UTM-X
GPSco- muy

ordinates

Altitude

3

Please give a brief reason if the plot has been
relocated from the originally given GPS position.

Vegetation type:
Slope:

Soil colour:

Soil depth:
Crown cover:
Shrub cover:
Grass cover:

degree (average)

%

%

%
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District: Strata: | Plot No.:

3. Form for herbs and grass, litter, and soil samples

1. Herbs and grass - measure within a 0.56m core circular plot (all vegetation below 5DBH diameter)

total weight of all herbs and grass
gram

bag cloth plastic

weight of sample grass
gram

bag cloth plastic

number on the sample packet

2. Litter - measure within a 0.56m core circular plot

total weight of all litter

weight of sample litter

number on the sample packet

gram gram
bag cloth plastic bag cloth plastic
3. Soil - measure within a 1m circular plot
0cm| sample no.
Composite soil sample (for carbon)
0cm-10cm 10 cm total weight of the soil
sample no. gram
10 cm - 20 cm bag white plast@ black plastic
20 cm number on the sample packet
\ sample no.
20cm-30cm 30 om
4. Regeneration ( below 1 cm DBH ) - measure within a 1 m circular plot
SN Species Total count SN Species Total count
1 6
2 7
3 8
4 9
5 10
5. Sapling (1 cm to 5 cm) - measure within 5.64 m circular plot
SN Species DBH (cm) SN Species DBH (cm)
1 11
2 12
3 13
4 14
5 15
6 16
7 17
8 18
9 19
10 20
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6. Tree - DBH and height measurements  District: Strata: Plot No.:

Slope condition
.. Condition 1

Condition 2

Condition 3

Condition4 .-

wn
z

Species

DBH (cm)

measured at
breast height
(1.3m)

Angles formed by
top and base of the
tree

top (A)

base (B)

Distance
to the
tree (m)

(D)

Slope
condition

(see figure
above)

Tree
height

Remarks

0

0

0

0

O (00NN OTiD WIiN =

[y
o

—
[

—_
n

—_
w

—_
N

[y
Ol

—
(o))

[y
~N

[y
o]

—_
\O

20

0

0

* Appropriate slope correction has been applied and measurements are done within circular plot with horizontal
diameter 8.92 m (area 250 sq.m.)
* All trees within the plot with DBH 2 5 cm have been measured

*The species of unidentified trees have been recorded as Sp 1...Sp 2 likewise and distinguishable characterstics

are noted as comment
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Annex II: List of instruments and equipment and their purpose

S.N. | Particulars Purpose
1. GPS Boundary survey, stratification and locating plots
2. Base map Plot navigation

Permanent plot establishment

3. Rope For plot boundary delineation

4. Linear tape For locating plot boundary and distance measurement

5. Chalk For marking the trees within the boundaries temporarily before
permanent tagging and ensure that it is measured.

6. Metal tags for For permanent marking of trees

tree

7. Metal tag for plot | For showing the direction to the permanent plot from vantage
point

8. Enamel For numbering metal tags

0. Brush For numbering metal tags

10. | Hammer For fixing metal tags in tree

11. | Cemented pillar | For setting up the plot center

12. | Nails For placing the tags

Leaf litters and herb/grasses collection

13. | Plastic bags White plastic bags to collect samples and big plastic bags to
collect and weigh herbs, grasses and leaf litters

14. | Clothes bag for Since, plastic bags may get tore herbs, grasses and leaf litters
leaflets and twigs | should be collected in clothes.

15. | Knife or sickle For cutting herbs and grasses

16. | Weighing For weighing herbs, grasses and leaf litters
machine

17. | Scissors For cutting herbs and grasses

Soil sample collection

18. | Metal scale For measuring soil depth

19. | Soil sample core | For collecting soil samples from various depths

20. | White clothes or | For tightening the soil core so that no soil comes out of the soil
masking tape core

21. | Soil sample For bear down on the soil core while collecting sample
hammer

22. | Weighing For weighing sample
machine

23. | Kuto For taking out soil core from soil depth

Height and diameter measurement

24. | Linear tape For measuring distance between tree and measurer

25. | Diameter tape For measuring diameter of the tree at breast height

26. | Clinometer For measuring the ground slope, top and bottom angle to the tree

27. | Vertex IV and For measuring tree height and establishing circular plots without
Transponder the use of tapes and clinometers.

28. | Callipers Can be used instead of diameter tape to measure diameter of trees.
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Annex II1: Seasonal Calendar for MAPs

Species Flowe | Fruiti | Seed Nurse | Transplantat | Irrigation Weeding | Harvesting Processing
ring ng collec | ry ion/seed
tion sowing
Mentha May- | Aug- Oct- Jan-Feb (15to 20 Monthly 100-120 days of | After 20-24 hour
June Oct Nov days Transplantation drying in shade
interval (May-June)
Chamomile | Jan- Mar- Apr- Oct- Oct-Dec 4-5 times 3-4 times | March-May 2-3 days drying
April | May May Dec (as (as in shade in 20-24
required) required) °C
Lemongrass | Dec- Feb- Apr- Apr- May-July 3-4 times in | 3-4 times | 3-4 timesina 24- hours of
Feb Apr May June a year year drying in shade
Palmarosa June- | Aug- | Oct- Apr- May-July 2-3 times 2-3 times | 3-4 timesina 24- hours of
Sep Oct Nov June (As per (as year drying in shade
need) required)
Citronella Sep- Nov- | Dec- Apr- May-July 2-3 times 2-3 times | 3-4 timesina 24- hours of
Nov Jan Feb June (As per (as year drying in shade
need) required)
Kadipatta Feb- May- | July- Mar- May-July -- -- Mar-May and 24- hours of
April | June Aug Apr Aug-Oct drying in shade
Annex IV: List of mammals found in Ratuwamai
S.N | English Name Scientific Name CITES IUCN NPWC Act
1 Indian Pangolin Manis crassicaudata I CI P
2 Indian Short-nosed Fruit Bat | Cynopterus sphinx LC
3 Indian Flying Fox Pteropus giganteus LC
4 Indian pipistrelle Pipistrellus coromandra LC
5 Greater Asiatic Yellow Bat | Scotophilus heathi LC
6 Lesser Asiatic Yellow Bat Scotophilus kuhlii LC
7 Round-eared Tubenosed Bat | Murina cyclotis LC
8 Rhesus Macaque Macaca mulatta LC
9 Terai Gray Langur Semnopithecus hector I NT
10 | Golden Jackal Canis aureus LC
11 | Masked Palm Civet Paguma larvata LC
12 | Large Indian Civet Viverra zibetha NT
13 | Small Indian Civet Viverricula indica LC
14 | Indian Grey Mongoose Herpestes edwardsii LC
15 | Jungle Cat Felis chaus LC
16 | Three-striped Palm Squirrel | Funambulus palmarum LC
17 | Five-striped Palm Squirrel Funambulus pennantii LC
18 | Red Flying Squirrel Petaurista petaurista LC
19 | Lesser Bandicoot Rat Bandicota bengalensis LC
20 | Large Bandicoot Rat Bandicota indica LC
21 | Lesser Bamboo Rat Cannomys badius LC
22 | Brown Spiny Mouse Mous saxicola LC
23 | Earth-colored Mouse Mus terricolor LC
24 | Indian Bush Rat Golunda ellioti LC
25 | Roof Rat Rattus rattus LC
26 | Indian Crested Porcupine Hystrix indica LC
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27

Indian Hare

Lepus nigricollis

LC

28

Asian Elephant

Eliphus Maximus

Vu

LC- Least Concern, EN- Endangered, VU-Vulnerable, NT- Not Threatened and P-Protected

Annex V: List of fishes found in Ratuwamai

S.N | Nepali name Scientific Name

1 Katle macha Acrossocheilus sp.
2 Phageta or Poti Barilius sp.

3 Bhakur katla Catla catla

4 Malagudi Chela laubuca

5 Naini or Jhilke Cirrhinus mrigala
6 Nepti Danio dangila

7 Chitthar Danio devario

8 Rahu Labeo dero

9 Sidre Puntius sp.

10 Singi Botia dayi

11 Getu Botia lohachata
12 Junge Mystus cavasius
13 Mungri Clarias sp.

14 Bhoti Channa barca

15 Garahi Channa punctatus
16 Hile Channa stewartii
17 Chuchhe bam Amphipnous sp.
18 Buduna Garra annandalei
19 Gandule Schistura beavani
20 Bam Monopterus cuchia
21 Jhinge macha Palaemon malcolmsoni
22 Rohu Labeo coeruleus

Annex VI: List of snakes found in Ratuwamai

SN | English name Scientific Name

1 Common blind snake Ramphotyphlops braminus
2 Diard's blind snake Typhlops diardii

3 Common vine snake Ahaetulla nasuta

4 Buff striped keelback Amphiesma stolatum
5 Olivaceous keelback Atretium schistosum
6 Common tawny cat snake Boiga ochracea

7 Common cat snake Boiga trigonata

8 Bronzeback tree snake Dendrelaphis tristis
9 Common trinket snake Elaphe helena

10 Common smooth water snake Enhydris enhydris

11 Common wolf snake Lycodon aulicus
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12 Twin-spotted wolf snake Lycodon jara

13 Common kukri snake Oligodon arnensis

14 Asiatic rat snake Ptyas mucosa

15 Chequered keelback water snake Xenochrophis piscator

16 St.Jhon's keelback water snake Xenochrophis sanctijohannis
17 Common krait Bungarus caeruleus

18 Banded krait Bangarus fasciatus

19 Spectacled cobra Naja naja

20 Russell's viper Daboia russelii

21 Rock Python Python molurus

Annex VII: List of Retiles found in Ratuwamai

S.N | English name Scientific name

1 Black-spined Toad Bufo melanostictus

2 Assam toad Bufo stomaticus

3 bull frog Hoplobatrachus crassus
4 Tiger Forg/Indian Bull Frog Hoplobatrachus tigerinus
5 Indian Black Turtle Melanochelys trijuga

6 Common Garden Lizard Calotes versicolor

7 Bengal Monitor Varanus bengalensis

8 Yellow Monitor Varanus flavescens

Annex VIII: List of Birds found in Ratuwamai

SN English name Scientific name

1 Black Francolin Francolinus francolinus
2 Red Junglefowl Gallus gallus

3 Indian Peafowl Pavo cristatus

4 Lesser Whistling-duck Dendrocygna javanica
5 Common Merganser Mergus merganser

6 Barred Buttonquail Turnix suscitator

7 Grey-capped Pygmy Woodpecker Dendrocopos canicapillus
8 Fulvous-breasted Woodpecker Dendrocopos macei

9 Rufous Woodpecker Celeus brachyurus

10 Greater Yellownape Picus flavinucha

11 Grey-headed Woodpecker Picus canus

12 Himalayan Flameback Dinopium shorii

13 Greater Flameback Chrysocolaptes guttacristatus
14 Lineated Barbet Megalaima lineata

15 Blue-throated Barbet Megalaima asiatica

16 Blue-eared Barbet Megalaima australis

17 Oriental Pied Hornbill Anthracoceros albirostris
18 Common Hoopoe Upupa epops

19 Indian Roller Coracias benghalensis

20 Dollarbird Eurystomus orientalis
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21

White-throated Kingfisher

Halcyon smyrnensis

22 Green Bee-cater Merops orientalis

23 Chestnut-headed Bee-cater Merops leschenaulti

24 Chestnut-winged Cuckoo Clamator coromandus
25 Common Hawk Cuckoo Hierococcyx varius

26 Indian Cuckoo Cuculus micropterus

27 Asian Koel Eudynamys scolopacea
28 Green-billed Malkoha Phaenicophaeus tristis
29 Greater Coucal Centropus sinensis

30 Alexandrine Parakeet Psittacula eupatria

31 Rose-ringed Parakeet Psittacula krameri

32 Plum-headed Parakeet Psittacula cyanocephala
33 Red-breasted Parakeet Psittacula alexandri

34 Asian Palm Swift Cypsiurus balasiensis
35 House Swift Apus affinis

36 Crested Treeswift Hemiprocne coronata
37 Asian BalTed Owlet Glaucidium cuculoides
38 Jungle Owlet Glaucidium radiatum
39 Spotted Owlet Athene brama

40 Brown Hawk Owl Ninox scutulata

41 Oriental Turtle Dove Streptopelia orientalis
42 Spotted Dove Streptopelia chinensis
43 Red Collared Dove Streptopelia tranquebarica
44 Eurasian Collared Dove Streptopelia decaocto
45 Emerald Dove Chalcophaps indica

46 Orange-breasted Green Pigeon Treron bicincta

37 Thick-billed Green Pigeon Treron curvirostra

48 Yellow-footed Green Pigeon Treron phoenicoptera
49 White-breasted Waterhen Amaurornis phoenicurus
50 Common Sandpiper Actitis hypoleucos

51 Great Thick-knee Burhinus recurvirostris
52 Ibisbill Ibidorhyncha struthersii
53 Little Ringed Plover Charadrius dubius

54 River Lapwing Vanellus duvaucelii

55 Red-wattled Lapwing Vanellus indicus

56 Black Baza Aviceda leuphotes

57 Black Kite Milvus migran

58 Brahminy Kite Haliastur indus

59 Crested Serpent Eagle Spilornis cheela

60 Crested Goshawk Accipiter trivirgatus

61 Shikra Accipiter badius

62 Common Buzzard Buteo buteo

63 Collared Falcone Microhierax caerulescens
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64

Common Kestrel

Falco tinnunculus

65 Little Cormorant Phalacrocorax niger
66 Little Egret Egretta garzetta

67 Cattle Egret Bubulcus ibis

68 Indian Pond Heron Ardeola grayii

69 Cinnamon Bittern Ixobrychus cinnamomeus
70 Black Ibis Pseudibis papillosa

71 Asian Openbill Anastomus oscitans

72 Woolly-necked Stork Ciconia episcopus

73 White Stork Ciconia ciconia

74 Lesser Adjutant Leptoptilos javanicus
75 Long-tailed Broadbill Psarisomus dalhousiae
76 Golden-fronted Leafbird Chloropsis aurzfrons
77 Brown Shrike Lanius cristatus

78 Long-tailed Shrike Lanius schach

79 Grey-backed Shrike Lanius tephronotus

80 Red-billed Blue Magpie Urocissa erythrorhyncha
81 Rufous Treepie Dendrocitta vagabunda
82 House Crow Corvus splendens

83 Large-billed Crow Corvus macrorhynchos
84 Ashy Woodswallow Artamus fuscus

85 Black-hooded Oriole Oriolus xanthornus

86 Maroon Orio le Oriolus traillii

87 Large Cuckoo shrike Coracina macei

88 Rosy Minivet Pericrocotus roseus

89 Long-tailed Minivet Pericrocotus ethologus
90 Scarlet Minivet Pericrocotus flammeus
91 Bar-winged Flycatcher-shrike Hemlpus picatus

92 Black Drongo Dicrurus macrocercus
93 Ashy Drongo Dicrurus leucophaeus
94 White-bellied Drongo Dicrurus caerulescens
95 Bronzed Drongo Dicrurus aeneus

96 Lesser Racket-tailed Drongo Dicrurus remifer

97 Spangled Drongo Dicrurus hottentottus
98 Greater Racket-tailed Drongo Dicrurus paradiseus

99 Black-naped Monarch Hypothymis azurea

100 Asian Paradise-flycatcher Terpsiphone paradisi
101 Common lora Aegithina tiphia

102 Common Woodshrike Tephrodornis pondicerianu
103 Blue-capped Rock Thrush Monticola cinclorhynchus
104 Blue Rock Thrush Monticola solitarius
105 Blue Whistling Thrush Myophonus caeruleus
106 Dark-sided Thrush Zoothera marginata
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107

Dark-throated Thrush

Turdus ruficollis

108 Red-throated Flycatcher Ficedula (parva) albicilla
109 Snowy-browed Flycatcher Ficedula hyperythra

110 Verditer Flycatcher Eumyias thalassina

111 Small Niltava Niltava macgrigoriae
112 Pale-chinned Flycatcher Cyornis poliogenys

113 Grey-headed Canary Flycatcher Culicicapa ceylonensis
114 Oriental Magpie Robin Copsychus saularis

115 White-rumped Shama Copsychus malabaricus
116 White-capped Water Redstart Chaimarrornis Leucocephalus
117 Black-backed Forktail Enicurus immaculatus
118 Common Stonechat Saxicola torquata

119 Chestnut-tailed Starling Sturnus malabaricus

120 Asian Pied Starling Sturnus contra

121 Common Myna Acridotheres tristis

122 Jungle Myna Acridotheres fuscus

123 Hill Myna Gracula religiosa

124 Chestnut-bellied Nuthatch Sitta castanea

125 Velvet-fronted Nuthatch Sitta frontalis

126 Great Tit Parus major

127 Red-rumped Swallow Hirundo daurica

128 Black-crested Bulbul Pycnonotus melanicterus
129 Himalayan Bulbul Pycnonotus leucogenys
130 Red-vented Bulbul Pycnonotus cafer

131 White-throated Bulbul Alophoixus jlaveolus

132 Oriental White-eye Zosterops palpebrosus
133 Common Tailorbird Orthotomus sutorius

134 Greenish Warbler Phylloscopus trochiloides
135 Dusky Warbler P hylloscopus fuscatus
136 Yellow-vented Warbler Phylloscopus cantator
137 Grey-hooded Warbler Seicercus xanthoschistos
138 Lesser Necklaced Laughingthrush Garrulax monileger

139 Puft-throated Babbler Pellorneum rujiceps

140 White-browed Scimitar Babbler Pomatorhinus schisticeps
141 Striped Tit Babbler Macronous gularis

142 Jungle Babbler Turdoides striatus

143 Nepal Fulvetta Alcippe nipalensis

144 Sand Lark Calandrella ray tal

145 Ruby-cheeked Sunbird Anthreptes singalensis
146 Crimson Sunbird Aethopyga siparaja

147 Streaked Spiderhunter Arachnothera magna
148 House Sparrow Passer domesticus

149 White Wagtail Motacilla alba
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150 Yellow Wagtail Motacilla flava

151 Paddyfield Pipit Anthus rufulus

152 Olive-backed Pipit Anthus hodgsoni
153 Baya Weaver Ploceus philippinus

Annex IX: List of protected flora and fauna in Ratuwamai

English name Scientific name IUCN Red list| CITES
Mammals

Indian Pangolin Manis crassicaudata EN I
Leopard Cat Felis Bengalensis VU I
Asian Elephant Elephas Maximus EN I
Birds

Gaint Hornibill Buceros bicornis R I
Black Strok Ciconia nigra WV II
Reptiles

Asiatic Rock Python Python Molurus vu I
Golden Monitor Varanus Flavescens I I
Lizard

Plants/Flora

Serpentine Rauvolfia Serpentina VU I
Rose Wood Dalbergia latifolia

Sal Shorea Robusta
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Annex X: Sample of meetings with key informants and FGDs in
Ratuwamai Area




Annex XI: Sample of minutes of workshops with stakeholders
at local communities at local levels

R
et
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Annex 11-Checklist for the FGDs
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Annex 11-Checklist for the FGDs

R GGy,
(SN |Name B i ~[Address | Signatur T
5 kama) boodd | ™ _songan‘_ %
) | zwen ewd | T | j@@’ |
O | puon ropn | m || el
0 [pag wogt | W |TH AT
O [sria spony | £ | Sorewn |85
@ foal @R | F | et _vfgi_
& | Dipek barddT (S| E'\_/V_ij
% ) il o
%) RakeshMU m | /| ___j|
Blame ot | 7| 11 |82
| @— izrel Y |/ W"’_‘I
s

Page | 63



Annex H-Clyeeklist for the FGDs
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Annex H-Chocklist for the FGDx

aRaeETe! Whde: TgamTd gamiou aRasEE! i
T SgaRIee ¥ G fRRua wam A
THIAB(G): o , = ar, gzl Jiete!

: 0R2.102
VF: _Fmar 5. T =¥

q| |G wew | g | T s‘:ﬂrﬁe
2| o | h Viohar_
g-ﬁmW ¥ " Coanlcar
¢ m%ﬁ? M ' AT
2 | == \ 2 Saunay’
& | Fem Ha|  )) ' M,N‘l‘\'
B -Nmg " | Ay (deg
¢ | = |, |sser | O
([sBmomd] " | v [P
yo T Freag g " e |
°’7 gh%? aﬁ\l‘?‘ﬁT TR " ‘?,.J.-:_J]
AR &Tﬁ'ﬂm &—1,%;,7— 0 ST

Page | 65



Page | 66



Annex IV: Checklist for the Klls
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Annes 1V: Checklist for the Klls
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Annex XII: List of Photographs

Photograph 2: Consultation meeting and discussion on the SFM model of Ratuwamai
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Open grazi

Photograph 3

Ratuwamai

m

Eucalyptus plot

Photograph 4
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Figure 6: Natural Sal forest in Ratuwamai
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plot

Photograph 7: Forest technician in the sample

otogah 8:Fre elc1an mearinfhe saple plof |
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Photograph 9: Nearby settlement in Ratuwmai

lantation

) o

Photograph 10: Mearement in Teak P
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Photograph 11: Local women collecting fire wood from the Ratuwamai plantation area

Photograph 12: KII with Mayor
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Photograph 14: Establishing plot in the Eucalyptus plantation
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Photograph 15: Timber collection and sale in Ratuwamai

Photograph 16: Consultation meeting with Stakeholders in Ratuwamai
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Photograph 17: Minutes of the inception meeting
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Photograph 18: Minutes of the final result sharing meeting
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Annex XIII: Experts Work Details and Key Roles

SN Position and Name Key roles and responsibilities on
(Thematic expertise proposed) the assignment
1 Team Leader- Plan and oversee the forest and
biodiversity surveys and ecological
Dr. Yadav Kandel studies and develop the technical
repot and presentation and overall
quality assurance and control
2 Forest Management Expert- Support on the sustainable forest
Mr. Rajendra Kafle management activities and designing
of the sustainable forest management
model for the Ratuwamai.
2 Sociologist- Support the socio-economic analysis
Dr. Anita Shrestha and assure the quality of the report
3 GIS Expert- Having intensive experience in the
Dr. Binod Kutu field of natural resources
management and DRR. Particularly in
the GIS mapping and analysis.
4 Forest Technicians and Crews-6 Field inventory, data and information

collection, data cleaning and entry,
1. Mr. Ashish Ghimire, conduct FGDs and KlIs
2. Mr. Pushpa Raj Malla
3. Mr. Surya Bahadur Bohara,
4. Mr. Ramesh Gautam,
5. Mr. Rajesh Gupta and
6

Mr. Ashok Pandey

Team Composition Update for the Task

The above is the initial team composition proposed for the task. However, due to time
constraints and the need to enhance work efficiency, we additionally hired the following
experts:

Forest Management Expert: Mr. Megh Dhoj Adhikari, Supported to critically
review, analyze and develop the sustainable forest managent model of the Ratuwamai
plantation forest as presented in the study.

Sociologist: Mr. Bhola Bhattarai, helped to interpreted socio-economic analysis and
impact assessments, study the relationship between local communities and forest

resources in the Ratuwamai.

GIS Expert: Mr. Suraj Gautam supported to verify, process, and analyze geospatial
data using GIS tools and developed the relevant GIS maps presented in the study
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The inclusion of these experts significantly improved our workflow, allowing us to complete
the task within the given timeframe while maintaining the expected quality of work.
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