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GARMIN GPSMAP 64sc SiteSurvey

1. Front and Rear View

Sr. Number Continent
1 Internal GPS / Glonass Antenna
2 Keys
3 Power Keys
4 Mini-USB Port
5 Camera Lens
6 Micro SD Card Slot (Under Batteries)
7 Battery Compartment
8 Mounting Spine
9 Battery Cover D-Ring

2. Battery Installation

D

RaTed JshfeTs NiMH ST O (F9fT Tl o 9T oTiHer A1) IT &T AA Fe<T T STANT Fleh
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3. Useful Keys of GPS Receiver

FIND Select to open the search menu.

MARK .
waypoint.

Select to save your current location asa

QuUIT menu or page.

Select to cancel orreturn to the previous

Select to scroll through the main pages.

Select to select options and acknowledge

ENTER
messages.
Select to open the options menu for the

age that is currently open.

MENU pag . Y op .
Select twice to open the main menu (from
any page).

PAGE Select to scroll through the main pages.
Select 4 , ¥, -, or m to select menu

A V> options and move the map cursor.
IN Select to zoom in on the map.
ouT Select to zoom out on the map.

B URYH T ¥ 4 F9d RIM R Tgadx RYIAR &I I BL| GPS Receiver BI
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G.P.S. T STANT #Xd TR [+ Araem«ar H &4 # @ F 6 A |

1 G.P.S. 7efiq & 0 & 7 o149 F 9T YeaATse faer af<7q AT AT

2 G.P.S. gsfiq &1 91t ¥ vd e & =)

3 ZeT.Point line polygon) = a9 45 =3t & Angle & f&HT RATT SATT ATa&m=T T@e SeT wederd
FIAT ATRT

4 Main page > setup > system 9% SITT T& fRgTa F¥ o TATT T T 0T 6 AT 3

5 fx#ta # By default Track log a=ar ¥gat & ST g7 Track ST+ [ sraeaaar T &f a9 I dfewT
T

Main page > Setup > Track 9% SITT T8 &

Track log o= %< 31 Do Not Record #T =ra+ &< fS&# Track Log ST & g1 ST
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4, Creating a Waypoint

Waypoint & aTeqd g T ATTeh gTT TS 2T T Folaerd AT ST gl SaTgLurd: :;'W‘——J‘-
HATIT, AT SATS %0l AR ST HLAT 2019.05.29
1. sirfier fearsa & MARK o2 &1 gam ux A f&=t strow gt i“‘ié“:;;:%g;%%x
e weer & 7 Mgtia Waypoint #7 T77 U5 o= Sa0 997 261, B e

. ESS=F—— =
AAITFHATIAR g 1 Tohl & | (=T T S8 9) 5 ;-

|8 NS

Map Done

5. Creating a Track

Track & e g T3 FoReT U e & R e a s =< &7 [T w2 g8 Y SR area
FEATI

St feamss Y &fie o 9=t Track Manager STSahie &7 939 H¥

; g | Cune?frack Area_2019-05-29_ ,
s m IR B

Profile Area : i 1
Change Calulation Save Track ) View Map | | Archived Tracks

&'5 & Save Portion Elevation Plot Area Tracks

: AAAA205-29 13:15:07

Waypoint ~ Waypoint H Calculation Price L
Manager Averaging \ VI_ 'e'..'.‘alp . I ==

:2 2O Elevation Plot Change Name =
Track Camera Set Color Delete
Manager

View Map & 31T 8@ 9% 1T 8T ATheTT Hl <@d g
AT ©I % 9g= % AT T Save Track &1 FAT FT Track FT 7TH < g0 Done T T3 FX
S o gem 1 Save 21 ST

et T STg #T Area Calculate ¥ & foT Main Page 9% Area Calculation 9% Enter &% 9% A+

vt s 2 2

Profile Area Please select an area
Change  Calculation calculation type

& &

Waypoint ~ Waypoint

Manager  Averaging Area Calculation
t:’ Plowland Area
Track
Manager Hme Route Calculation

Area Calculation T T T FAAT & FL U a9 I Z3HI T 9T A Done F|

SYLIEFT F1A w1 Waypoint, Routes, or Tracks &1 g8 SO+ STaeI=FdT TAT Feature Library T
a1 T T B



Site Survey Software IN GPSMAP 64 sc Survey Editor in Site Survey Software

Add point, line or polygon
according to requirement

Give the name to library and
add field name in attribute

Give symbol to your featu
and change color




Give numeric detail for features in attribute
Bl Uibrary2 - Garmin Survey Editor
[ e g Setng pe

Bod - o

-guu;z p— & Tet @ MNmec & Opton X Osete 8
s

—— ok

Defautt [0.00

Min |-999999.99
Max [999999.99 ]
Precision [2 ]

oK Cancel

0

Set numeric field according to your requirement

Library send to GPSMAP 64sc through “Send to device

Survey Data export to Site Survey from GPS device

o

RY.

Export Survey Data to your Folder step-1

2

s

Export Survey Data to your Folder step-2

legt degree decimal




Export Survey Data to your Folder step-3

Survey Data export to Site Survey from GPS device

S

H:?fv
i

e

e AV

E_x;_)ort Survey Data to your Folder step-2 E}bort Survey Data to your Folder step-3

= |
— =X B Select required data
format
AV

Y

Export Survey Data to your Folder step-4

.

After processing of survey dat; of GPS MAP 64sc

Now your survey data will be in KML or in shapefile or CSV format for your use.

After export as CSV format you have to open that and delete the above row and save as .xIs or .xlIsx format.

You have to copy your photo folder from GPS SD card and keep in desided folder in your system.




Geographical Information System (GIS)

= SHSMETH &1 §? (What Is GIS?)

= SNSSUY &1 R4GHd! (Principle Of GIS)

= SHSMETH &1 N (Function Of GIS)

= S3METY & dd (Components Of GIS)

= 3f&ffR 3R SR (Latitude and Longitude)

=  3¢H IRUWSIRH (Datum & Projection)
= SNSISUE & USR (Type Of GIS)
= SNSTSUY URi=M (Applications Of GIS)
SHSMSEH T 82 (What Is GIS?)
oft.31TE.TH. (Geographic Information System) HIMfed =T @ a1 WMfeds G- Yome § o
HEYR TTEIW 3R AW B HNiIies ol P TIY SShR 9% o ST THHd B, 3 B
I IWRAG FAT TG fIRAT0 IR ITANT SR TeRid & &1 Al gl

=y
=W ey
|- software | @
SRSTRTm .
“hardware G.s data

people methods"

ﬁl@'i?‘l' (Principle)
> 3¢ »=R (Data Capture)
« ARy fefrerdoRm
= URIA BT (Aerial Photographs)
» U gHRA (Paper Maps)
»  Sthway g fEagew
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> 3eTav AAuifie (Database Management)
= ST AAGHC & SIid i3S T, 9 I ST P R&fl, [aRAa
3P HERU TG RHIR B Bt &HAT BT ool HRAT 5 |

> e faxaAwor (Geographic Analysis)
T ST 1 URNfae Set ¥ Fa &R IUanft ST dI ST dAT ST faRayur #A1 Ud gork
ERT A8} T8 TSR 3HR 3¥eye U BT |

>  UfumH d9R ST (Preparing Result)
»  THHd TGRS GOR & STANT IR IR TR &7

Capi (Functions)

> 2 PR (Data Capture)
» SiemEEY A I T IAYC H3 ST AT dlid! § fHar o Tbdr § 3ol SHG IR &b
FT WP IRV & T FSeEorT, tRaa WIcHme!, W6, Sy, Tied gifosi-
Rrer snumid fearsay 8 Iad fafta 9 Shermsey Iuaiesdl a1 Ui &R Il gl

> Sl Wl (Data Storage)
» 3T TR FTSHMU TE st & FU A 8 IHhdl g1 TR AFRS gTedbdl & g |
wR frar o g1 § oafe e & w0 & ff TR aFfad & W s @l o
Thdl B, YafId TFeR & a9 & wU H, fsiiess Sa & w0 o gefew, W,
SRS oA o TR fEaed W ¥R farar S g&ar gl

> sal ﬁﬁ'ﬂﬁ'-‘tﬁ (Data Manipulation )
. fSforea ST 1 edit fvaT S THdT B, TP SR 68 T o &1 U attribute
8T 8 sﬁwmattributetableﬁ‘J-RTGrI?IT%H?ﬂ@ETEIﬁ&Nﬁ&lﬂﬂﬂmﬂ
TR T T |

> uig 3R fazayor (Query And Analysis)
. 327 AFNYRE ¥ Ui S R Wieiae &t A7 & 38R ok Query And Analysis &Rl
H

> ﬁﬁﬂﬁﬁ'—‘{ﬁ(wsualization)
. g 3MUS IeT, TS HMRF, 3R BRI UeRid & Pt &HdT B! Representation
Hdl gl
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dcd (Components)
> FIEAOWR
> AledR
»  SISMEEY IHEdmR- ArcGIS, Quantum GIS (QGIS), Maplinfo, AutoCAD, Saga GIS, Post
GIS, MapWindow, GeoMedia etc.

> el
R AR, SHTHISa/b D TS JeTUd STSHSTH a1, CgeR BIH § HiRid s g STel
BB

> TR
= GOR Y SR SHHTEUY dd-io! RNl 9 § off S¢l & \RWd & 1Y Tal & § Arfds Fait
B TR TG R T &

SI&T 3R a'QTI?IT (Latitude and Longitude)

> S{&[i=T g T (& ¥WTY (parallels of latitude):
s ToE TR IR AT SOl ya Bl By AR GiEl g8 JHFIR Y@ &Y IQ@Y HEard! Bl

" HeY N1 A NG BEdl & | A @l B A A 3 39 Bl © | foa
IR H JAeTer AR Sferor 90 3efier 90 H B | Skl dT Sfaroh gdl 900 BT A JfeTe
g Sl fIg g1 fe@r 1 € | &1 31l Nl & d/ &1 ¥ eRd R 94 S8
A B 7 | AeT @i B 3fw, e iR Whe H wad faar omar 2|

Latitude

i EQ

p 1”..'\1‘!5:!\

,/ulrn“\ .

Equator ’H\%\\\u
NERRNERY
W

20

p\wuws g
o South o

{-)

Microzoft llustration
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AR T a7 SRR J@T¢ (Horizontal of Longitude):
r TS TR IR AT el ¢a B A aTell YT G gThR @MY SRR X1 Hgald! § | I8 3@k
T g ot SR Wi ol 81 Uep farg WR 360° &7 10T gil g |

» O 39 UBR AR Th U U W @Y Gl SR, A1 89 QR 360 @Y U1
BT | 31 QiR fe&Ifl Q9iar X@r 9T AT 21 §9 oed @ U vEN dHfdw
UIGRA dTell QTR NET Bl 360 YN Y HLITET QeMaR @1 AT PHAa ¥

PHEd B |

xR a3l Bt f5l, fFe, 9%E (Degree © Minutes ' Second ") W e fasan Sman B

Longitude

Prime
meridian

Datum & Projection:-

EHYE I | igs- gl ®l | shmmss -l | @R @isiieicy 39
HAAd I WY TG | Ide I T8l 6 | Aiee & 0o d1d bR | SHguieR (Ellipsoid)
H gedl &1 Fde Mo | 3fch: TG Fyof geal (Ellipsoid) &t &I & Planar
%@?g WWWW;J UREHI BT TS S Coordinates H Ueffd

a9 UTed I 3efi< Ud SRR B! | fapy 7ry7| S XTI Y et
RIEEI NN Seigs @I e fRfd BT 3| A yefdfa g 2y

gl IR BT g

Geoid Ellipsoid
(lat, long)
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» Datum & Projection:-

Tferiss qUl ®U 9 s s | fibe 78T 81 U7 38T T SIR afe Fg! fibe &= 31 HITIT BT &t af
FE 1 HE FB TRTT AT N BISAT IS 7 R SR AT US| ST THT BT FRTH0 53 8
Fs TS P F11 T S TH ORI RH & 1w gt 3 5 39 R & forw $ed dgand|
WGS-84 (World Geodetic System 1984) Scrd st 9 S8 & forg vy 9! A UaH
FRAT G

TRTEIEE &) WIFR Hreffee & URadd B &1 Uishar MoiaR Heard gl

I LTI TG TIMAR BT U WR Y R I et # fh A, /e /M.fve /3.
. g gpredl H uRdfdd #R <dl €| I8l Terdiss ol $es YA Bl @R H
gRafia &= o e faftren 3 2

Planar (Azimuthal), Cylindrical & Conic.

Geoid Ellipsoid t ot

(lat, long)
Planar Coordinates

(ft.km)

> Raster

WA Wl T IR cells or pixels H TH AfeH § o A 3R HIAH (rows and columns or grid)
o fafR gl 81 S Ud® ¥ Th value represent BT §1 IR & S IaTaR0 -
digital aerial photographs, imagery from satellites, digital pictures, or even scanned

maps.
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> qae (Vector)

= 3T SR SRR BT YR AHSR eRTAd R Iuas e Bl UTse, A1 SR UTan— & =0 &
TR FHRAT TR HEardT § Ud U fhei daer FHeamd gl

» IR R IUTH e Y AR o Heg ¥ fefrers #R ddex U fosar o gehdr g1

> qae (Vector)
= 3TITIZU (Data Types)
= Points = Lines = Polygons (Area)

/7

> WU dOR (Software)

»  TAHM H NIMSTH. P B3 dig b IHEITR IUANT 81 Ig © o8 I ArcGIS, Quantum GIS

(QGIS), Maplnfo, AutoCAD, Saga GIS, Post GIS, MapWindow, GeoMedia etc. $& U{d
gl

QGIs

ArcGIS

15



> Raster VS Vector

. . S840 - i M. 80

g

PrTe

<o

g = T w0 ey Eoy Eurg

> Attribute table of Raster and Vector

Vector Attribute table

I8

¥ {roppe T et
o (W

"o o0 » W peact o seeaen
ASROCCVY

TUNRT N RGN W

IBEEIRERIE]

IBEEIEE

SRR

|

SRR

JLNINOENN1S
S
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Raster Attribute table
.\@Eus OUNT| _TYPE _|AREA[CODE
0o Forest land | 8100 | FLO10|

e Wetland | 4500 |WLOO1|
E— Crop land | 8100 | CL301
./ 4 11 Urban 9900 | ULD40!
| NoData

[




QGIS 3.6

> qiR=g

F. Sl 7S, TA. U& 1 Yoob AR U A SileEgyd AivedR U 2 foraan
I T 9919 3R Uiiford TATford & & o fhar ST dhar 21 SAd]
I SIIMS.UA. & function and feature BT user friendly ST € | SHST IUIRT
PR 3N SI.3ME.U9. I Fafrd a9 11 R Adhd & o9 Georefrencing, Digitization,
Map Creation 3¢ |

> Installation

The most recent version of QGIS available (the current version at the time of 3.8.0). Either
the 32 bit or 64 bit version should work (everything presented herein was tested using QGIS
3.8.0 'Zanzibar', 64 bit, on Windows 7).

For Windows users: Download and run the standalone installer, available here:
http://qgis.org/en/site/forusers/download.html (QGIS Standalone Installer Version 3.8.0)

> GUI Conventions

QGIS ATFIY 7T Open 0 ¥ 2 Frq27 ¥ Desktop 7T =+ B8 =% icon wv e ¥ 7T Start
Menu & SITHT 9T T

© frype here to search

17


http://qgis.org/en/site/forusers/download.html

» Navigating the Interface : Desktop

RS & -
®
'J
A
5 o
%
% —
Use iface to access (GIS API interface or Type help(iface) for more info
™ Advanced itertace 2

QGIS interface is divided in 5 mainareas: 1. Menu Bar; 2. Tool Bar; 3. Map Legend (Panel);
4, Map Canvas; 5. Status Bar

Other added features: 6. Manage Layers Bar; 7. Toolbox Panel; 8. Python Console

Navigating the Interface: Layers and Navigation

VESARRGT V- il Besprarprael
o Add vector Layer o Pan
¢ Add Raster Layer o Pan Map to Selection
o Add PostGIS Layer e Zoom In
o Add Spatialite Layer o Zoom Out
o Add MSSQL Spatial Layer o Zoom to Pixel Resolution
o Add WMS/WMTS Layer o Zoom to Full Extent
o Add WCS Layer o Zoom to Selection
o Add WFS Layer e Zoom to Layer
o Add Delimited Text Layer ¢ Zoom to Last Extent
o New Shapefile Layer/Spatialite Layer o Zoom to Next Extent
o Create New GPX Layer o Refresh
1"

» Analysis: Digitizing Tools
Analysis: Digitizing Tool

2/ B Rz @

n

Digitizing Tools:

e Current Edits

e Toggle Editing

e Save Layer Edits
e Add Feature (points, lines, polygons)
e Digitize Curves
o Move Feature(s)
e Node Tool

e Delete Selected
e Cut Features

e Copy Features

e Paste Features

18



» Advanced Digitizing Tools:

® Undo

e Redo

e Rotate Feature(s)
e Simplify Feature
e Add Ring

e Add Part

e Delete Part

e Reshape Feature

e Offset Curve

e Split Features

e Merge Selected Features
e Merge Attributes of

® Selected Features

e Rotate Point Symbols

» Open Shape files

1.Shape file open ®R & U Add Layer” -> 2. “Browse” 9% fa=% %< Shape files F1

T,

“Add Vector Layer UR facies 3|
s
TEHES mee o [ EH T 2T T RS ST P TOE T T
S Lo > = WL aT U]

BV /
0 @ s

3. Shape File 99 % & Open ¥ f&®
FT Add T & &Y |

19



» Symbology
Symbology ¢ &=+ & ol layer TR right click T Properties 9% fat v
Double click @X Properties TR fdd &R | Te9Td Layer aTeft fawer & &

Symbology e 9% o
Y|

> To view the tabular data-

Attribute Data 3@+ & o layer 9% right click aT double click %% Open Attribute
Table I% fF F¥ |

6
“rm<me-B
e 3

» Georeferencing

Raster #T georeference F¥ & for¥ Raster Georeferencer window ¥ raster add & & ol

Menu ¥ ST Georeferencer U< click ®<| | open raster UX click & & UHTd scan image Pl add
B

20




Add fPO T raster & TRI corner W latitude
/longitude show EPR%% |

Image add @ S F dTe, image 9 G2 T
coordinate point & zoom F¥| Add point tool T
select Y|

|aeVse »
asTee o o
| e
e d
| © (©)
Elo i == 0w Pa®m -

o
BeV.2e 'y, T 0% 0 300 0EED &
Y
!/
T
[
|:
’ k
|
e e W e T s Dt T
| = [N s BEEEEEE o ] ¢ onr "%

Raster & =TI corner 9% 3T T latitude
/longitude T Add point tool T% click ¥ TH
latitude /longitude T IfaT F¥|

T latitude / longitude o TS g1 o &g o+t
point raster 9% TH THTT show BT

= '

L .
B0 - RSO (SR

THF 9T Start georeferencing tool T click ¥ |

Raster &T ATH path T4 Projection System (WGS 84)

AT T € computer H save F4T |
m_ s, :;.'5 — |
.......... Bo mhosaa Q@
Elo
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» Shape file

Shape file Create F ¥ o layer menu ST
F¥ create layer T¥ click T3 3T new Shape file

Shape file T ATH save %L geometry type
(Point / Line/Polygon) ﬂaf |

layer T select F |

> Digitization:

Digitization F¥ % o1 shape file #T layer penal # add
I | Digitization start &< & o1& shape file 9T right

Polygon tool &T select ¥ & T9ATT Raster TT
STgT T Feature I &1 agl s Fed I |

click F¥ ¥ Toggle editing T select FT |

Tewm o T e -
we V.,

Feature &1 E[Uf F % oI right click #3 |

=k o YT

Elo -

Right click ¥ 2 attribute table open g7 SITARMT fora#
feature & HETET STAFTT Tfate ¥ ok T¥ &=t 7 |

Feature a9 & 9T% Save Layer icon X [EXETER

- - ® a0 |

./~ \iizzBharda

=) 11"_3'7':'g g

22



» Print Layout

Project > New print Layout > T &t ¢ |

Create Print Layout Tittle # Name Jfat= ¥ OK 9%
Eskiad

Add Item > Add Map > {31 #¥ | 8% 915
Map Canvas 9% mouse & TF window T4 |

Scale T9 Paper Size T FLT F O item properties )
ST Scale UH Paper Size Hed¥ Tahd 2 |

Do~

o

Tt Map content Add ¥ & forr Add Item &
ST Picture, Legend, Scale Shape, North
Arrow etc. Add FT TFd ¢ |

PDF & Map T convert FLA F ford Layout—>Export as
PDF
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» Adding WMS Service

WMS SERVICE add #&4 % foF Browser
Window=>WMS 9% right click FTT 9% > New
Connection T% T3 7% |

New Connection 9% f&® #Id 9T create New WMS
connection ATeT window Open él‘ii \fS/er® Name T& URL

gfate T OK 97 feteh ¥ |

LT
TN,

» Adding Google Map

Background & Google Map, Street Map, Bing Map 3<aT(® add %+ & forar
Web->Open Layers Plugin-> Google Maps T% a1 &7 |

[ ——— R i
e Sy Ly . e e s e e e
BRLEE OREA S AP e s |2 0.8 -[-8-GEE% 2 &0 [0 B8R ErR 08 -H-a-ARESSs- -
,, = Oy Bl Comtapms Goaien
BOVCLS L JBRRT Do e b8 2 H |GV 29 8. “qEms2%%t R4 H
oG A C—
» Goagle et
O Y- LB | A i
= ) . =
AL =] b sy T2 5
P (] r e ae
o L]
© merime
v
[
ooy
oo
B
“AwYE-BRO
ElirTree
e
pe—
[« R
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> YR Hdad da-idl — HIddar

o X NEEREE
IR WG Al A F T & o & 87 Py

3 sl el A O 8 1 9 T A A gl ’;%
A 3R MBI & fafqy ugqait &1 3reqg R U THT gl
& | g Haad U T Ieid faun B foraes Arenw § fa fopaht N ,,/‘//
Uifder T & gl 1 Wefg Ul el & e o s e
A B FeR T BT o § R A TG O AL, W e
A o ¥R fpdt oq & vy & qE gde THeR U wmw M R o g
BT

. IR Hdgd Bl db-id
YR Fded, uRafdd a1 IaRid el & Taed 3R Repifen @ e fafy g
forrd gt &} Udg & IR T THGRT U fosar ST 81 YR Waed & A1ed F YR Ry wg an
QICHIH § HGH! IT U0 & T1FT ¥ Gedl & eRTAd Bl eRIad & byl 9% DI, Hdad fobal
ST 81 RIAd F WIafid a1 Iatoid [aggd g 3o fafehrur &1 Wded iR il Rais

AT R Hded gl

g YdeA gRT Iad B Qe Yag & Judh B M §1R, R ¥ ;Sa1s Vg Aegifod
S & foU ga T8 fHar Srar 81 gar Haed &1 ufehar § JaeAsita I3 dagd! a1 I &
egd q S gl ¥ a1 GUg foar o gl

. YR Ydad Hdae

JaR Hded & Ufchar H Tdgd 1 AR U4 Jiférd
I TH g & Yudh H T8 g &1 Ydgd a1 IW U4 aiferd a¥g },\ },\
¥ 97 9ud 1 A1 99 9§ WEfd a1 S Tade) ke > N
o fr 1 G S e g @ s 1 e |\, /) 1l
gaae! AIfew ASTRA o7 Yde 3R 3ifiee RepTs axd g1 AW
SR Rl sfidhsl & fa=avur & dreqd ¥ gedt R fRYd awgai, @
ag[ ] ﬁ,—\:ﬁ RG] a; aﬁ' ﬁ ﬁw:ﬂ'q \_II'I:|$I'\P[ Ui Eﬁ?ﬁ %| passive Remote Sensing Active Remote Sensing

o A B! DD DI UdGH DI UPId P YR W @A &l GHRI A dleT Sl
8 Uldea iR URa| wrerR ORig Waed! gRT Q@ &1 Wafid UebR dafed foar sirar g1 ufded
TYdew 9 § o e & fagyd deala fafesor Sad e S8 gt Y 3R pd § 3R Wiafifa
fooll 1 dafea Rere ad B

YRd & YR dded & IR ST 1 e Td
FRYefor ST Ye e s TARUEHT FeR1aTE GRI b SiraT
8 S YRd WPHR & o HaAe & siale faumT & sidqwia &
I aTell Yo g1 TASRUEHT §RT YR ggR dded SuUg! &
3[ATAT 3T IUUE! &b 3fbe Ud B P AT gaxree & Hoe
METR H 3fidweT TR dg $I RIGA ST T8 ¢l I8 s
TS & GEaRT ¥ Ygr dad SUART IRArSIeH & foharaaH
o T g 5
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1. Sl ® YBR
Rere ARIT 4 o1 ox & o) 3T aRg & ST Bie &1 XA [haT ST 2 |

1. JdeX el 2. RN I

2.1 dd@ex sel —

fedl 1 Brer @l M @ R 89 daer Ser &l gwAe [
B 2 | I§ GId: I bR BT BIdT & — 1. UISC 2. olsd Td |-
3. Qi | Rl 1 BY BreR B DR B B Rl wEe e |
FT ITART fHar sirar 21 o & Uer &1 fafgd &, fasd
e @1 fafgd &H=AT SAME | AR BIER H A8 BT ITINT
IS, Tl AT, bl dsh sl Bl PR B & o fhar
SITAT 8 | 98} Ofeiii= & SYAnT fhedt +ff drerm, @ﬁa@mﬁmmﬂﬁww
s & ford forar Siram 2 |

2.2 YN ST —

el fl PR B BT B g THG IR I BT SRV ¢ | Ig Je&a: faqer meanlRa
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Sampling Design and Allocation of Sample Plots
(Sample Points will be provided from Head office of Green India Mission)

1 Sampling Design: Sampling is the most important step for the estimation of forest carbon stocks.
Appropriate sampling for the carbon stocks estimation can provide reliable estimates at a limited
cost and man power. Sampling includes the number, size and shape of the plots required to
measure the carbon stocks. Sampling a small portion of the entire population enables conclusions to be
drawn about an entire population. Sampling theory provides the means for scaling up information
from the sample plots to the whole project area or even to a regional and national level (IPCC 2003).
Thus, measurements of carbon stocks of sample plots can be extrapolated to per hectare for the
whole project area. Sampling methods include simple random sampling, stratified random sampling and
systematic sampling. Standard sampling theory relies on random selection of a sample from the
population so that each unit of the population has an equal probability of being included in the sample.

Review literature should be conducted for the quality assurance and sampling design. Sources that
may be consulted include peer-reviewed research articles/reports on the project area or similar
area. National level reports having similar kind of forest may also be consulted before deciding the
sampling design. Information regarding the range, standard deviations, standard errors, or coefficient
of variation of carbon stocks in project area or area similar to project area is useful to determine the
number of sampling plots.

Sample size depends on the required precision and the anticipated variance in the specific forest strata.
At least 10% extra plots may be laid to reliably estimate the increase in carbon density.
1.1 Stratification: It is useful to stratify the project area into strata that form relatively homogenous
units. The IPCC (2006) recommends stratifying by climate, soil, ecological zone, and management
practices. In general, stratification also decreases the costs of monitoring because it typically diminishes
the sampling efforts necessary, while maintaining the same level of confidence.
Potential stratification options include:
e Land use (for example, forest, plantation, agroforestry etc);
e Vegetation species (if several);
e Slope (for example, steep, flat);
* Drainage (for example, flooded, dry);
e Age of vegetation;
e Proximity to settlement.
In India, FSI has prepared Forest Cover map and Forest Type map of India. These Forest Cover maps
and Forest Type maps have been used to stratify the project area into Forest Type and density stratum.
Intersect tool in Arc GIS may be used to produce the Forest Type and Density maps.

1.2 Calculation of Number of Permanent Sample Plot: The level of precision required for a forest
carbon inventory has a direct effect on inventory for forest carbon stock assessment. Once the level of
precision has been decided upon, sample size can be determined for each stratum in the project area.
Volume or the aboveground biomass can be used to estimate the variance and further to estimate the
sample size. 10-15 plots in the project area are usually enough to evaluate variance. For forestry
inventory for carbon estimation normally a sampling intensity of 90/10(90 % confidence level and
10% precision) is followed. Confidence level amounts to uncertainty one can tolerate. Precision level is
the margin of error one can tolerate. For example, estimation of the standard deviation and mean
aboveground biomass or volume (t/ha) of the pilot sample plots can be worked out as follows:
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Variance (CV) = Standard deviation/Mean * 100
Mean (M) = 60.41 t/ha
Standard Deviation (SD) = + 24.81
CV =24.81/60.41*100
=41.06
Use the value of variance in the equation 1
Sample Size (N) = (1.64*CV/AE)? Eqg. 1. (at 90% confidence interval with 10% allowable error)
Where,
CV= Coefficient of Variance as calculated above
AE = Allowable error (e.g. 10%, 5%)
N = (1.64 * 41.06/10)>
N= 45
Sample Size (N) = 45.
This means 45 plots are required to be laid in the project area.

1.3 Allocation of Sample Plot in Each Stratum.

Once the sample size is calculated, allocation of sample size to different strata is required. This is
done using following formula:
A = Area of Strata/Total Area x Sample Size

For example.
Stratum Forest Strata Area (ha)
S1 Dry Teak Open Forest 3091.90
S2 Dry Teak Moderately Dense Forest 537.46
S3 Dry Teak Very Dense Forest 253.08
S4 Southern Dry Mixed Deciduous Moderately Dense Forest 3874.30
S5 Southern Dry Mixed Deciduous Open Forest 1469.00
S6 Southern Dry Mixed Deciduous Very Dense Forest 70.67
Total 9296.30

For Stratum 1
A1 =3091.90/9296.30*45
Al=15
For Stratum 2
A2 =537.46/9296.30*45
A2=3
For Stratum 3
A3 =253.08/9293.30*45
A3=1
For Stratum 4
A4 =3874.30/9296.30*45
A4 =19
For Stratum 5
A5 = 1469/9296.30*45
A5=7
For Stratum 6
A6 =70.67/9296.30*45
A6=0
It is further advised that to increase 10 % sample size to give adequate coverage to the
underrepresented class. Here A3 and A6 allocation of sample size shows 1 and 0 sample plot
respectively. It is advisable to allocate at least 03 sample plots in each stratum for sound statistical

analysis.
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2. Laying out of field plot and Field data collection

2.1 Location of Sample Plots

Randomization of sample plots in a stratum: Arc GIS Software may be used to locate the sample plot
in random manner in each stratum.

2.2 Sample Plot Layout: Permanent sample plots are generally regarded as statistically more
efficient in estimating changes in forest carbon stocks compared to temporary plots because
typically there is high covariance between observations taken at successive sampling events in
temporary plots. Permanent sample plots should be established for the assessment and monitoring
of carbon stocks in the project area. Carbon monitoring requires both size and number of sample plots
be decided. Plot size has the impact on the cost of carbon inventory and monitoring. Larger the plots,
lower the variability between two samples. National circumstances may also be considered for
assessment of carbon stocks. National Working Plan Code — 2014 may be followed for the sample
plot design and layout methods.

After reaching the predetermined sampling plot location, a square plot of 0.1 ha (31.62 m x 31.62 m)
should be laid out by measuring 22.36 m horizontal distance i.e. half of the diagonal in all the four
directions at 45° in north-east, at 135°in south-east, at 225° in the south west, and at 31.5°in north-
west corners of the plot from true north. Care should be taken for lying out the proper dimensions
of the plot. Then nested subplots of size 3 m x 3 m and 1 m x 1 m will be laid out at 30 m from the
center of the main plot of 0.1 ha in all the four directions for the collection of samples for shrubs,
climber and regeneration and herbs/grasses respectively. Along with the nested quadrat of size 3 m
x3mand1x1m,5x5m quadrats should be laid at NE and SW direction. In 5 x 5 m plot, all the
dead wood above 5 cm diameter would be collected, weighed and recorded. In 3 m x 3m, all woody
litter, that is branches below 5 cm be collected weighed and recorded. All shrubs and climbers in 3 m
x 3m plot would be up-rooted, weighed and recorded. In 1m x1m plot, all the herbs/grasses
including leaf litter would be collected, weighed and recorded. For estimation of soil organic carbon,
forest floor would be swept and a pit of 30x30x30 cm would be dug at the center of 1mx 1 m plot at
NE and SW corner of the main 0.1 ha plot. A composite sample of soil weighing 200gm would be
kept for Soil Organic Carbon analysis. The soil sample will be kept in a polythene bag and tightly closed
and properly labelled.

Concept of Bulk Density of Soil: Bulk density of the soil is defined as the dry weight of soil per unit
volume of the soil. It is required to convert between volume and weight of the soil. Information ion
bulk density is required for determination of soil organic carbon content per unit area. Collection of
soil sample for bulk density estimation is done in 1m x 1m plot. A core sampler of known volume
(bulk density core sampler) is inserted in soil between 0-10 cm depth with the help of hammer, up to
the top of the core. Remove the core carefully so that soil inside the core may not drop down.
Collect the entire soil in a polythene bag, and proper label should be fixed on the sample. Repeat
this exercise again in the soil 10-20 and 20-30 cm depth.

Bulk Density of Soil: information on bulk density is required for determination of soil organic carbon
content per unit area. Collection of soil sample for bulk density estimation is done in 1m x 1m plot. A
core sampler of known volume (bulk density core sampler) is inserted in soil between 0-10 cm depth
with the help of hammer, up to the top of the core. Remove the core carefully so that soil inside the
core may not drop down. Collect the entire soil in a polythene bag, and proper label should be fixed
on the sample. Repeat this exercise again in the soil 10-20 and 20-30 cm depth.
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Scheme of laying out of a sample plot of 0.1 ha is given in figure

L Emx3m

A 4
| (8. I

| #dm xim |

rSample Tree (North
Quadrate) wi7.64m
v L Soil & Forest Hoor
Va {1mx1m}

"Soi & Forest Hoor

Shrub & Tree Regeneration

Figure 4.1 Sample Plot Layout

2.3 Equipment Required: Field Sampling Kit should be prepared well in advance before proceeding

to the field for measurements. The following equipments and items are required for laying the

sample plots in the forest for carbon monitoring:

1. Nylon — Rope (04) of the length | 2. Stapler Pins 3. Field Maps
31.62 m (or more) for all the four
side of the plot.
4. Clinometer/hagaaltimer/ Ravi | 5. Electronic Weighing | 6. Secateurs
multimeter for height Balance
measurement
7. Compass 8. Measuring Tape (50 m) 9. Khurpi/Kudal
10. Global Positioning System (GPS) 11.Iron Pole/Wooden stick 12. Khukri/Machete
13. Camera 14. Polybags/Paper Bags 15. Core Sampler
16. Aluminum Tags 17.Rubber Bands 18. Batteries
19. Hammer 20. Nails 21. Torch
22. Stapler 23. Rucksack 24. Paint and Brush
25. First Aid Kit 26. Permanent Marker 27. Data Recording Sheets
28. Toposheet 29.Spade 30. Axe
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2.4 Field Team: Field tours for data collection from sample plots require at least one
experienced/trained person and four assistants to layout the plots. Human resource should be
properly trained before going to the field or first day can be given to layout the sample plot and proper
division of work help in the efficient coordination between the team members and reduce the cost
of the carbon inventory.

2.5 Field Background: Before going to the field studies, information regarding the field location should
be collected that will help in locating sample plots. Field maps should be prepared with the help
Geographic Information System. Project area, project boundary, nearby settlements, roads, river,
forest types, forest cover, and other land use features should be properly embarked on the field
maps. Base camp should be established in the project area. Interaction with the local communities can
help in collecting information about the project area and ground truthing. Local labour can also be
hired for the easy movement in the forest and nearby locations.

2.6 Tree Measurements
Forest measurement from individual tree to stand of trees and measurement and estimation of tree
volume and biomass is important for assessment of biomass carbon in a forested stand. In tree and
forest measurement some variables are not measured directly like volume of wood that is harvested
from a large area. If it is difficult to measure some parameters or it cannot be measured directly at
all, indirect methods/models are applied to approximate or estimate the parameter of interest.
These methods often involve measuring parts of the body (e.g., tree trunk), or parts which can be
measured with desired accuracy. Then mathematical models/ procedures are used to convert the
known measurements of the parts to make an estimate of the parameter of interest (e.g., tree biomass
carbon in the present case).
Procedure

(i) Mark the center of the plot and record the GPS location.

(i) Mark all the four corners of plot with the ranging pole/wooden stick

(iii) Assign the unique code to the permanent plot.

(iv) Record the species name.

(v) Paint all the trees with yellow/red color at 1.37 m height.

(vi) Take photographs of the plot

Tree CBH Measurements
For aboveground biomass all tress having diameter of 10 cm and above (210 cm) or CBH (230 cm)will

be enumerated. Species and diameter class wise information obtained from the sample plot of 0.1
ha is recorded carefully in the plot description form (Annexure VI). Border line trees i.e. the stem of
the trees touch the north and west border line of the plot will be enumerated. However, the stem
of the trees touches the east and south border line of the plot will be treated as “out trees” and
information about out tress will not be recorded in the plot description form. Trees below 10cm
diameter at breast height over bark will be enumerated as sapling. One should be clear that the
enumeration in the plot should be started from the North-east corner and will be proceed in
clockwise direction. The same procedure should be followed for all the sample plots. The height of
the trees in the all the sample plots should be measured.

Circumference of the tree (Circumference at breast height, CBH) is measured at 1.37 m from the
ground. The circumference may be measured by wrapping measuring tape firmly around the stem,
perpendicular to axis. The point must be marked for repeated measurements for assessing growth rate
to ensure that the same position will be measured in each occasion.
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Following precautions are to be observed while measuring tree CBH

(i) On slopping ground measurements should be taken from the uphill side of the stem.

(ii) For Leaning trees (on level ground), the point will be on the under-side of the tree parallel to
the axis of the stem.

(iii) Trees forked below breast height should be treated as a double stem i.e. two separate tree.

(iv) Trees forked above breast height should be treated as a single stem and measured according
to the position of tree on ground or hills.

(v) Trees forking at breast height or slightly above are measured at the point of minimum
diameter below the fork.

(vi) Coppice crops should be measured from ground level, not from stool level.

Besides this, following precautions should also be ensured for proper accurate measurements.

(i) The loose mounds of soil and litter should be displaced and cleared.

(ii) The vines, moss, loose bark and other loose material at breast height should be removed.

(iii) The breast height should be fixed by using a fixed height (bh) stick.

(iv) Measure at right angles to the stem axis. Keep tapes taut.

(v) Special attention should be placed for buttressing and fluting situations to ensure
standardization and comparability of records. Normally, measurement is made above the
buttress/fluting. Where this extends well up the bole, an arbitrary height is specified, e.g. 3
m above ground (Figure 4.2)

Tree Height Measurement

(i) The height of tree is important characteristics for measuring the total amount of wood
contained in tree. It is the vertical distance from ground level to the highest given point on
the tree known as tip of the tree. ldentifying actual tree top and the fact that the tree top
may not be directly over the base of the tree are main sources of error for tree height
measurements. Therefore, the concept of merchantable tree heights is adopted with the
view of utilization perspective. It is the height of the tree (or the length of trunk) up to which
a particular product may be obtained. Height can be measured through ocular estimate,
non-instrumental, (shadow method, single pole method). The height can be measured by
specially designed instruments specifically for tree-height measurements such as
clinometers, altimeters or hypsometers.

Measuring tree parameters:

(i) Walk around the tree and find the best location to view the top of the tree.

(ii) Stand far enough away from the tree so that the top of the tree is less than 90 degrees
above the line of sight.

(iii)  Always stand up-slope of the tree. Standing down-slope of the tree should only take
place when no other option exists.

(iv)  Measure height of all the tree

(v) Follow the instructions provided by the manufacturer of the instruments.

(vi)  Place chalk mark on the tree to indicate that the tree has been measured.

(vii)  All trees should be tagged with the placement of an aluminum numbered tag and nail.

(viii)  Record species name with the local name and the associated DBH and height into the
format.

(ix)  When all of the trees in the plot have been measured, there should be a check to see
that all of the trees have been measured.
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Fig : Tree CBH measurement under different situations

2.7 Shrub Sampling: 4 quadrats of 3m x 3m should be laid at 30 m form the center of the main plot
(0.1 ha). The sample of every shrub should be collected and data from all the quadrats should be
recorded in the plot description form.

Procedure:

(i) Cut all the shrubs from the plot from ground level.

(ii) Fresh weight of the harvested shrubs from the shrub plot should be measured using
portable weighing machine.

(iii) Collect the 200 gmfresh sample and pack in the polybags to be carried to the laboratory for
further analysis of dry weight.

2.8 Tree Regeneration/Sapling: In3m x 3m plot, CBH all the trees having CBH <10 cm should be
measured. Biomass equations have been developed by FSI to estimate the biomass of the tree
having diameter <10 cm.

2.9 Herb Sampling: Sampling of the herbs is done by lying 1m x1 m plot using destructive sampling.
Procedure: Species name and number of each herb should be recorded in the format.

(i) Harvest all the herbs in the herb plot of 1m x1 m.

(i) Fresh weight of the harvested herbs/grasses should be recorded through portable
weighing machine.

(iii) A small Sample of known quantity should be properly packed and brought to the
laboratory for further dry weight estimation.

2.10 Litter Sampling: Litter sampling should be conducted by laying 3m x3 m plot
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Procedure:

(i) Layoutaplot of 3mx3 m.

(ii) Collect all the litter in the sample plot. Litter contains all deal plan material that includes
fallen leaves (fresh, dry, semi or partially decomposed leaves), fruit, flower, twigs, bark etc.

(iii) Record the fresh weight of the total litter collected.

(iv) Take the 200gm sample of the litter

(v) Sample should be properly marked and packed for laboratory analysis for determination of
dry weight.

2.11 Dead wood: All dead wood above 5 cm diameter should be collected, weighed and recorded. A
sample of known quantity should be kept for laboratory analysis.

2.12 Soil Organic Carbon: For collecting data on soil carbon, forest floor would be swept and a pit of
30x30x30 cm would be dug at the center of 1Im x 1 m plot at NE and SW corner of the main 0.1 ha
plot. A composite sample of soil weighing 200gm would be kept for Soil Organic Carbon using
Walkley and Black method. The soil sample will be kept in a polythene bag and tightly closed and
properly labelled.

Soil Sample Collection for Bulk Density: Collection of soil sample for bulk density estimation is done
in Im x 1m plot. Insert the bulk density core sampler (of known volume) in between 0-10 cm depth
with the help of hammer, up to the top of the core. Remove the core carefully so that soil inside the
core may not drop down. Collect the entire soil in a polythene bag, and proper labeled should be
fixed on the sample. Repeat this exercise again in the soil 10-20 and 20-30 cm depth.
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3. Forest Carbon Stock Estimation
3.1 Estimation of Tree Biomass

Biomass is defined as the total amount of living organic matter (aboveground and below ground) in
trees. It is generally expressed on oven-dry basis per unit area. More recently there has been
increasingly interest in measurement of the weight that is the biomass of tree. Role of forest has
been increasingly recognized as most cost-effective option for climate change mitigation through
carbon captured in biomass and soils. Furthermore, it is not just stem which are of interest but the
whole living biomass components of the tree (Bole, bark, branches, twigs and leaves. Biomass can be
measured directly or through estimation functions.

3.1.1 Biomass by direct measurement :

Direct measurement of biomass involves felling, dissecting and weighing different components of tree.
Stratified tree technique method is normally used for biomass estimation by harvesting the sample
trees, for which a temporary sample plots of different sizes are laid out according to the size of the
area in the forest. The DBH and height of all the standing trees in the sample plots covering the
entire diameter range of each plot is recorded and correlation (diameter & height) was established by
having regression coefficient (R?) values. The whole diameter range is divided into three or four
diameter classes. One mean tree from each diameter class is harvested.

All the tree components (leaves, twigs, branches, bark, bole) including roots are separated immediately
after felling and their fresh weights recorded in the field. The representative samples of each tree
component (100 or 200 g each of leaves, twigs, branches, bark, fruit) are taken for oven dry weight
estimation in laboratory.

The bole portion of the sample trees is cut into 2m long sections (billets) for convenience of
weighing. Approximately 5-cm broad discs are removed from the base of each billet for estimation
of fresh and dry weights of bark and wood (under bark) and also for the estimation of volume (over
bark and under bark) of the main bole (upto a diameter limit of 5cm over bark). The average
diameter of the two successive discs are taken to calculate the volume (over bark and under bark) of
each section and finally the volume of each section is added up to get the volume of main bole (over
bark and under bark).

The root systems of all the sample trees are completely excavated excluding their fine rootlets. All
possible care is to be taken to remove the soil particles sticking to the roots and fresh weight taken
immediately to prevent the weight loss. Representative root sample are also taken for its dry weight
estimation. The oven dry weight of each component thus obtained is summed up which is the oven
dry weight of the sample tree. The stand biomass (t ha) was obtained by multiplying the dry
weights of the sample trees by the number of tree in respective diameter classes followed by
summation of biomass in each diameter class.

3.2 Biomass Estimation Functions :

Given the difficulty associated with direct measurement of tree biomass, allometric functions allow
tree biomass estimation from simply measured characteristics standing trees. Allometry is the
relation between the size of an organism and the size of any of its parts. Allometric equation is
usually expressed in power-law form or in logarithmic form and are widely used in many biological
disciplines to describe systematic changes in morphogenesis, physiology, adaptation, and evolution.
Once an allometric equation has been developed, the biomass can be estimated in a forest stand using
just the simple measurements of diameter. The general form of allometric equation's is usually written
as,
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y = bx®

or, in natural logarithmic (In) terms,

Iny=Inb+alnx

Where, b is a constant (called the "allometric coefficient"), and a is the allometric exponent.

These equations should be avoided outside the specified diameter range, otherwise the estimates
may be tend to overestimated.

If local allometric equations are available, the biomass can be assessed easily by using them.
If such equations are not available, then it is better to develop site-specific allometric equations by
collecting data from individual trees. Allometric equations for estimation of biomass have been
developed for most Indian tree species and are available in literature.

3.3 Estimation of Carbon in different pools:

1) Aboveground Biomass: Aboveground biomass includes live tree biomass and non-tree biomass
comprising of herbs and shrubs.

a) Live Tree Biomass: The biomass of tree is usually estimated using volumetric equation. For
most of the tree species Forest Survey of India have given volumetric equation (FSI, 2009).
Volumetric equations relate biomass with the tree height and/or Diameter at breast
height (DBH) measured 1.37 m above the ground.

Tree Carbon Stock Estimation
C=[VxDxBEF] x (1+R) x CF

Where:

\ = merchantable volume, m3 ha-1 Tree volume of a stand are normally available in forest
inventory and growing stock data.

D basic wood density, tonnesd.m. m-3 merchantable volume (Species wise information on
Basic wood density are available in literature.

BEF biomass expansion factor for conversion of merchantable volume to

aboveground tree biomass, dimensionless. Biomass expansion factor is defined as:

the ratio of total aboveground oven-dry biomass density of trees with a minimum dbh
of 10 cm or more to the oven-dry biomass density of the inventoried volume.

R root-to-shoot ratio (dimensionless)

CF  carbon fraction of dry matter (default = 0.047)

BEF is not available for majority of Indian tree species. FSI has developed equation for to estimate
the biomass of small wood and foliage of trees having DBH 10 cm or more as well as for DBH less
than 10 cm. FSI method of calculating biomass of small wood and foliage having DBH 10 cm or more
and also for the sapling having DBH less than 10 cm is used.

Biomass Estimation

i) Estimate the volume of each tree in the sample plot using volumetric equation (FSI,
1996, Annexure |)

ii)  Obtain basic wood density for all the tree species encountered in the sampling plot
from the literature (Annexure Il1)

iii)  Multiply the volume of each tree with the respective wood density to obtain the dry
weight of each tree.
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iv)  Use the Biomass equation for estimation of biomass of small wood and foliage of trees
having DBH 10 cm or more and also for DBH less than 10 cm (Annex 1)
V) Sum the weight of all the trees of all tree species for all the sample plots.
vi)  Extrapolate the weight of each species from the total sample area (sum of all the
plots) to per hectare value (tonnes of biomass per hectare for each species).
vii)  Sum the biomass of each species to obtain the total biomass of all the trees in tonnes
per hectare.
viii) Carbon is 47 % of the biomass (IPCC, 2006).
Shrub Biomass: Samples brought to the laboratory are oven dried at 70-85°C until reaching constant
weight. Biomass of the shrubs is extrapolated per hectares basis after calculating as follows:

Biomass = Dry Weight of sample x Actual Fresh Weight

Fresh Weight of sample

Herb Biomass: Samples brought to the laboratory are oven dried at 70-85°C until reaching constant
weight. Biomass of the herb is extrapolated per hectares basis after calculation as follows:

Biomass = Dry Weight of sample x Actual Fresh Weight

Fresh Weight of sample

2 ) Belowground Biomass: Relationship exist between biomass in shoot and roots for a tree. In the
absence of default value of the Root-Shoot Ratio of the tree species, IPCC (2003) default factors will
be used for the estimation of Belowground Biomass.

3 ) Litter Biomass: Samples brought to the laboratory are oven dried at 70-85°C until reaching constant
weight. Biomass of the herb is extrapolated per hectares basis after calculation as follows:

Biomass = Dry Weight of sample x Actual Fresh Weight

Fresh Weight of sample

4)Dead Wood Biomass: Samples brought to the laboratory are oven dried at 70-85°C until reaching
constant weight. Biomass of the herb is extrapolated per hectares basis after calculation as follows:

Biomass = Dry Weight of sample x Actual Fresh Weight

Fresh Weight of sample

5.4 Soil Organic Carbon: IPCC (2006) recommends soil organic carbon in the upper 30 cm of soil. This
zone is intended to cover the actively changing soil carbon pools. Facility for estimation of soil
organic carbon may not be available with Sate Forest Departments. Forest Department may get the
samples analyzed from their state Forest Research Institutes, research Institutes under ICFRE/State
or central Agricultural Universities and ICAR institutes Accredited soil testing laboratories etc.

Estimating percent course fragment in the soil:

Percent coarse fragment (> 2mm size) in soils is estimated to work out the correct soil weight. After
taking the weight of the sample dried for bulk density, this sample is put in the 2 mm sieve, and run
the water over it. Soil particles less than 2 mm will go away with water. Take out the fraction from
the sieve and dry it and weigh it. Calculate the percentage of the coarse fragment.

Preparation of the sample for soil organic carbon estimation:

Open the polythene bag and spread the samples on a brown paper sheet in the laboratory. Let the
sample dry at room temperature in the laboratory. Avoid direct sun drying or oven drying. After
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drying the samples, grind it and sieve it through 2 mm sieve. This sieved sample is used for soil
organic carbon estimation.

Analysis of the sample for soil organic carbon:

Soil organic carbon percentage is estimated by standard Walkley & Black (1934)
method.(AnnexurelV )

Soil carbon stock calculations:

Soil stoniness and land use are recorded. Soil samples are analysed for required parameters
bulk density, and organic carbon Soil organic carbon stock Qi (Mg m) in a soil layer or sampling
level i with a depth of Ei (m) depends on the carbon content Ci (g C g!), bulk density Di (Mg m=3) and

on the volume fraction of coarse elements Gi, given by the formula (Batjes, 1996):
Qi=CiDiEi(1-Gi)

3.5 Total Carbon Stock:

(i) Carbon contents for trees, shrubs, herbs, dead wood, litter and soil are calculated at plot level.

(ii) The carbon contents for the different components (trees, shrubs, herbs, dead wood, litter
and soil) within plots are summed up to get carbon stock per plot in MgC/ha.

(iii) The plot level results are then extrapolated on per hectare basis. This is carbon density or
Carbon stock per unit area, say tonnes of carbon per hectare)

(iv) The carbon stocks per unit area are then multiplied by the area of the stratum (e.g. forest
type/density) to produce an estimate of the total carbon stock of the stratum.

(v) Carbon contents of different strata are summed to produce the total carbon stock of the project
area (Annexure V)

(vi) Multiply the carbon stocks by 3.67 (or 44/12) to convert the carbon stocks into CO;
equivalent. Climate Change mitigation benefit of forestry projects are accounted in terms of
carbon dioxide equivalent
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Source: ICFRE Resource Manual “Training Program for the Staff of Madhya Pradesh Forest Department on
Measurement of Forest Carbon Stocks under Ecosystem Services Improvement Project” 17-18 June 2019, Madhya
Pradesh
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