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Global Carbon Cycle 1990s
- (in GIC)

\\»Qapan International Forestry Promotion

U atmosphere |
> 142.94/-0.1 734

Emissions from 6.3+/-0.6

and Cooperation Center: CDM Seminar land use are .
\ about 25% of :  Fovuitiog o
those from fo: S il g

Ve
fuel Solte end

\

Measuring and Monitoring Forest-
Based Ca\rbon Projects

1 Goal to mitigate

| carbon emissions “Dissolved imormadiato and|

\ Sandra Brown is to manage these |
H . . flows to increase ! Bt .
\ Winrock International uptake and reduce rarics e

| sbrown@winrock.org emissions

. . Increase Carbon Storage: Replanting
| -Increase Carbon Storage: Plantations | Degraded Lands

~
N

N\

3
Can these activities make a . ,;‘.»cefs‘ "
~difference? BT | Roport, 2000
] Chapters:
\ - ‘ Project activities
\ i (S Brownetal)

+*The amount of C conserved and sequestered here is equivalent to 12-15%
of the busi $-usual fossil fuel emissions over the same time period

From Brown et al. 1996; Second Assessment Report of IPCC, confirmed
by Third Assessment Rgport (Kauppi and Sedjo 2001)




\Rr\oject Design Issues

=\Baselines and additionality
Plantations

* industrial B4 non-industrial

* Native foresFtestoration

o Lgmdscape “defragmentation”
e\with commercial and non-commercial

pecies
. AgYoforestry

\\B\aseline Components

\Projected land-use change into
future

= Carbon contefthrough time
without project”

i

| 7 | ;
| |
(B)ggeol?:efsqr 0 tict)nt_s for BageFI‘inets: ]
ey antations and restore
i Plantations
I and Restored
Forests .
g
40000 12 " ’:g
2500 %:’«
- 3
I ivo 3 5 7 9 11 13 15 17 19 21 23 25 27 29 ‘
= s P oo S 9 ‘ - 7 717077

Options for Baselines: Landscape
ﬂae{ragmentatlon (e.g. Malaysia)
\ Carbon stacks per unit area of forests decreased due
To\increase in perimeter to area ratios of landscape

__Options for Baselines: Agroforestry

~

N
Shade cotfee 5 L Sun coffee




“\M\easuring and Monitoring
N\

0 components:
= Measuring and monitoring for carbon

= Meonitoring fcﬁz%%mpliance of project

|-

-_Carbon Measuring and

Monitoring

. LandELHse change and forestry projects are
generally easier to quantify and monitor than
national inventories: <

o they ha\> clearly defi oundaries,
* easier to%tratify,

« efficient sampling, and

« a choice of which pools to measure.

V

- Measuring and Monitoring

= Techniques and methods for measuring
individual carbon pools in LUCF projects exist,
and are based on peer reviewed principles of
forest inventory, soil sampling, and ecological
surveys . =

= Long history of measurirg forests for commercial
reasons—methods can be adapted for carbon

s Methods for measuring non-CO, GHG fluxes are
less well developed and are often based on
changes in @rbon pools (e.g. CH,, CO, N,O from
biomass burning).

15

‘Which Carbon Pools to Measure?

= Must include all pools anticipated to
decrease, that is can be a source of GHGs as
a resu|t of the projeet

= Can seject pools anticipated to increase as a
result of the project

= Soil carﬂon does not have to be measured if
project does not cause it to decrease

= Only poogs that are measured and monitored

can be used as a carbon credit
: 16

- Which Carbon Pools to Measure
and Monitor?

=\Selection of pools depends on:
Type and size of project
* \Magnitude of 55al
¢ Rate of chang&of pools
o E{(pected direction of change
° Cast to measure
e Atf‘pinable accuracy and precision

|

/

17

-Selection of pools varies by project type
-Different measuring and monitoring designs are needed for
ditferent types of projects




~-Measuring and Monitoring Carbon

Establish permanent plots using peer reviewed

methods—on line at: www.winrock.org 19

‘Measure Aboveground Biomass

o

Measuring diameter at breast height of all trees within the
boundaries of the permanent plot—biomass carbon
estimated from regression equations 20

Bioméss regression eguation
or tropical moist forests

 Estmatngionass
o, ¥ = axpl-2.119 + 2.626° Ln0O) | cttropcalforety
= n=224, "2=097 e
! 0000 e
o s000
2
g 30000
2 2000
§
3
T 00
B
g 10000
2 swo
i

21

Regression equation for
estimating root biomass

0
RBD = exp[-1.085+0.926 In (ABD)]
 Tropios 72=083; N =151
* Tomporan
5 * Boeal
Z 2 e
3w
£
§
3
o %
Kl . g
2 1
4 <.
3 Foe
o
0 0 o &0 w0 100

Aboveground biomass density (Mg/ha)

(Cairns et al. 1997)

How to ensure. quality control
in mé#itoring

23

Need standard methods for
measuring and monitoring

Standard Operating Procedures for
Measuring Carbon in Forests and
Agricuiture Projects

Version: 1.00

Winrock iInternational®©

24




Training Field Crew in Use of SOPs

N\

“‘Develop QA/QC plans

o De\}elop formal procedures to verify methods
used to collect field data and ensure same
procedures are used-during the project life

» Develop techniquesnter and analyze data
> Develop formal procedures for achiving data

Quallity Assurance and Quality Control Plan for
the Guaraguegaba Climate Action Project,
Brazil ©

26

How much does it cost to
\ me&sure?

\

27

- ~Cost of Measurement

-\\Trade-off between cost and precision
= You can credit what you measure
N <<

= Costs have twgg“components:
e Fixed
e Variable

28

‘\“\\Aghieving Precision — Noel Kempff

" \] 452

=2
3
"

8
1

g2 8 &
L1

Number of plots

o

Precision Level +/- %

29

- Cost of Precision — Noel Kempff

350-
300+
250
2001
1501
100-

501

Monitoring Cost ($1000s)

5% 10% 20% 30%
Precision Level

30




) Noel Kempff Climate Action
f'Ojec
\

] deated in the Department of Santa
Cruz, Bolivia--coyers an area of
640,000 ha ==

= [nvestment of about $9+ million

. Projec”( activities: stopped logging by
buying.and retiring logging
concessions and avert deforestation
pressures

31

Noel Kempff Project: Location of 625 permanent
sample plots in 640,000 ha

KEY
Tall Evergreen
Mixed Liana Forest
Liana Forest

4 Low inundated Forest
) Burned Forest

]
m TallInundated Forest
|
i)
* Permanent Sample Plot

32

Noel Kempff: Carbon inventory
results based on 625
permanent plots

[Tall (6T1) X
Liana (6L2) 95.564 555 0.5 23 4.7 38 4.4 () 111 39.9 122
Flood T. (6H4) 99316 131.8 L1 32 na3 19 RR} 26.4 44.8 224
Flood S. (6F3) 49,625 1117 0.2 0 96 2.1 29 223 555 207
Mixed L. (6MS) 159471  89.6 15 4.4 77 26 4.3 119 244 52
Bumed (6Q6) 3.483 56.9 0.2 1.6 4.9 0.9 42 114 36.0 116
‘Weighted 1067 0.8 3.6 9.1 24 37 213 333 18t
mean
Total 034,286 ha
95% confidence limit (% of mean): 4.2

- {Project Total Carbon Content 114.852.218
Confidence interval (minimum) 110074400
Canlidence interval (maximum) 119.630,030

Preliminary Carbon-Offset Analyses for the
Guaraquegaba Climate Action Project: 2001

- Guara ue%aba Climate-Action
Prpjec

= |ocated in the Atlantic forest in Paran4,
Brazil is being developed by Central and
South West Services (now AEP), The
Nature ConservangitI'NC), and SPVS—
basically project is parchasmg water
buffalo fanches

= Carbon enefits are derived from two
components: (1) conservation of existing
stocks by preventmg deforestation and (2)
carbon séquestratlon by restoration of
pastures and degraded secondary forests.
35

Serra do ltaqui
Vegetation Map and Plots

Guaraquecaba
Climate Action
~ Project




Carbon content in forests (excluding so%) of the
- Guaraquecaba Climate Action Project, Brazl ~Carbon Content Visually Displayed

Mature | Medium/ | T Very |
Strata Altered | Advanced | Young Young ‘
.} (7DM @Mt @y vy ]
n= 69 4% | 13 12|
"Area 7630 | 22696 | 5839 || 3638 |
Mean 1885 | 1135 | 965 | 403
Mn | 736 I 651 41 57
Max 387 | 1974 | 2037 732
| Standard Error 6.2 46 132 59
C.V. (%) 34 27 50 51
S el | x4-68
T 445464 L
95%Cl %ot | B T 97
_mean : ‘ .

““\T\%chnol_ogical Advances in
Monitoring : Aerial Digital Imagery

\

Data Acguisition
Compirtar

Goal: to develop cost-efficient, remote sensing ; P .
methods for measuri%nd monitoring carbon
in forest vegetation ard for compliance:
» Uses off the shelf technology
o Attaches \0 single engine Cessna plane
« Measures'height of trees with laser profiler
o Collects all data digitally and georeferenced #Ink-DV recorders

|

39

For imagery in the
United States, we Laser Altimeter Profile
have a specially Noel Kempf! Project Area
constructed, FAA
approved camera
door that can be
mounted on any
Cessna 172. The door
is shipped to the site
before flying starts
and allows the
equipment to work in
a more protected . . - .
. Ground level 1y
environment. +

|

P IR N

Height [meters]

o0

Distance Along Track [meters]
Dana Slaymaker, 1999

a1 : 42




~ Three-Dimensional Aerial Digital Imagery

ia‘entify crowns and measure their diameter
and\afea; use regressions to estimate tree diameter

Crowns overlap at different heights. Measurements go
to tabular database of geo-referenced crown areas and
heights. M

~Preliminary Results of Carbon
Me\ﬁurements from Videography

= F r the mixed liana forest strata in the
Noel Kempff project:

« fram ground prgtsi—carbon in trees is
896 t/ha, 95% confidence interval of
8.7Xo of the mean

» from videography plots—carbon in trees
is 87.7 t/ha, 95% confidence interval of
7.3% of the mean

i
|

46
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Japan\International Forestry Promotion and
Cooperation Center; CDM Seminar

Carbon Gredits from Forestry
Projects under the Clean
Development Mechanism

| John Kadyszewski
Winrock International
‘ February 19, 2002

\Clean Deyelopment
Mechanism

“‘Diciesions at Marrakech
= Set eligibility criteria for Parties to participate in

use\of Kyoto mechanisms

s CDM\projects eligible for retroactive crediting
to January 1, 2000 ifxegistered with Executive
Board%efore 200672*

= Created separate category of credits for carbon
storage projects called “Removal Units”
(RMUs) |
= Gave con\nplete fungibility to ERUs, CERs,
AAUSs, and RMUs, but RMUs cannot be carried
forward to future commitment periods
5

~Summary

\ Clean Development Mechanism (CDM)
nd Market Actions

= Monitoring and Valuation of Social,
Ecpnomic, and Eavironmental Co-Benefits
+ Gommunity DevEiapent
* Biodiversity and Habitat Protection and Restoration
* Watershed and Wetlands Restoration

= Aerial Assessment and Planning
* Multi-spectral 3D Aerial Digital Imagery
. Spaﬁial Information Packages

|

~CDM Objectives
\

=\Allow “Sustainable Development”
= Allow Annex 1 countries to meet

ernission redggtions by purchasing
crédits from ndn-Annex 1 country

= Additional, real, measurable long-term
ben%ﬁts that mitigate climate change

&

| ’

-.Land Use Change and Forestry
Projects Under CDM & JI

= LULUCF projects in the CDM limited to
Afforestation and Reforestation for first
commitment perigd

= CDM Executive 85ard to develop definitions
and modalities for afforestation and
reforestation for COP-9 in 2003

= Annex 1 countries limited to five times one
percent of base year emissions

= LULUCEF projects are not limited under JI
except as established under Appendix Z
e Russian cap increased to 33 million tC/year 6




DM Executive Board

= John Ashe, Chair s Oleg Pluzhnikov

= Sozaburo Okamatsu, * Mohammed Selamat
Vice Ch&i{; ~&Hans Stehr
= Jean Becker ¥ Franz Tattenbach

= John Kilan = Abdelhany Zerovali
= Gylvan Meira

\
!
| 7
L

\Wdate of CDM Executive Board

ccredit Operational Entities by COP-8
. Pr vide gwdelmes for baselines and
ohitoring

Imp! ment prog‘ﬂlm for “Fast-Tracking”
small-scale CDM Projects

» Oversee Operational Entities

s Set rules for afforestation and
reforestation by COP-9

|~ CDM project activity cycle

Accredtstion!

Design !
& essignztion

Vatidation/registration

Monitoring
Verification/cartification E

Issuance

«PP Project Pammpant 'i
DOE - Operational Entity |
iDNA National Authority r
|EB- Execunve Board

I

| Additionality and Baselines

\

L] Adqnionality — emissions must be below what
would have happened without project

@ Basehne what would have happened in the
absenge of projecEZ=

= Must bé project specmc and prepared in a
transparent and conservative manner

s Considet project boundary and leakage
potential’

Crediting";\period — 7 years with 2 renewals or

10 years with no renewal
: 10

‘\V\alidationlﬁegistﬁ“ati@n

-\Designation by National Authority
= Gomments by local stakeholders
s Analysis of e@zonmental impacts

. Méet requirements for:
o A&;dmonamy
* Baselines
* Monitoring
° Ve*\ification

11

\&mtormg, Verification, and
rtification

a qutormg can be by project participant
or a third party

a Ver|f|cat|on by Qeaagnated Operational
Enut;«

= Certification based on verification

= All reports to be publicly available

12




CDM project activity cycle

Design

Validation/registration

Moritoring
Verification/cadtification
issuance
i PP - Project Participant
DOE — Operational Entity

DNA — National Authority
EB - Executive Board

‘ g

Accreditation/
gesignation

UNITED HATIONS T RAMEWOR £ CONVINTION OW EMATECHANGE - 0 @

Market. Activity
=2

=

Seqpuestration Projects
By

roject Type 1997-99

Type 1997 | 1998 | 1999
Afforestation <<| (r)91| 102| 159
Reforestation =1 92| 110| 139
Urban Forestry (r)48| 57| 58
Forest Management (r) 34 42 43
Forest Preservation ()40, 47| 39
Conservation Tillage 2 2 2
() = revised. Projects can appaar in more than one category. Source: EIA 15

14
Figure 13. Carbon Sequastration Projects
by Amount of Carbon Sequestered,
Data Year 1999
Metag Tons Carben Dioxide
More Than 1,000,000 [|3 :
i
100,000 to 1.000,000 []7 !
i
10,000 to 160,000 | !
1,000 to 10,000
10610 1.000 21 |
10 16 160 J132
01010 : 79
3 v . i
9 an 80 120 150
Number of Projects
Source Energy informration Administration, Fotms EIA-1605
ard EIA-1605E2
16

Natsource GHG Prices: January 2002

Commodity Type Vintage Year |Price per Ton
CO2e us$

Voluntary Verified Emission Reductions

Annex B VERs 1991 -2007 $0.60 -- $1.50

Annex B VERs 2@@5 2012 $1.65 -- $3.00

CDM VERs 2080 - 2007 $1.75 -- $3.00

Compliance Tool

UK Allowance 2002 - 2003 |$6.48 -- $7.92

Dutch ERUs 2008 - 2012 $3.96 — $7.20

Danish Allowance 2001 — 2003 |$6.20 — $7.00
17

Prototype Sinks Fund*

World Bank Trust Fund with public and
private partners modeled after Prototype
Carbon Fund

Linkage with Go#i¥entions on Biodiversity
and Desertificafion

s Two windows

* “Kyoto-eligible” window

* “Over-the-horizon” window

Fund target -- $100 million

» Participation -- $2-3 million each

* Provisional name 18




Proposed PSF Project Categories

= improved forest management
= Plantations
= Agroforestry 3,
* Prevented defoféstation
* Improved agricultural practices
= Land degradation prevention
= Wetlands protection and restoration
= Watershed management
19

Co-Benefits
S

=

20

Land use change and forestry
projects frequently produce
other benefitsbesides carbon
storage

21

- Evaluation of Co-Benefits
Important for CDM Projects

» Environmental co-benefits
* Biodiversity conservation
« Habitat protection and restoration
* Watershed and wetlannagement and restoration
* Reduce run-off and non=pseint sources
= Socio-economic co-benefits
* Potential income from sale of ecosystem services
* Property boundaries, ownership, and appraisals

* Participatoty decision-making for rural communities,
e.g. community maps

22

Potential Development Co-
Benefits

s Support national development priorities

= Improve rural livelihoods

= Reduce susceptibiffly to floods and droughts

= Slow deforestatiorfand reduce illegal
logging

= Reverse desertification and soil erosion

23

Potential Environmental Co-
‘Benefits

= \Watershed restoration and
management to assure water

quantity and giality
» Reduced erosfdn and sedimentation
= Biodiversity conservation
= Habitat protection and restoration

24
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QPE Antanna
GPS Receivar

Lwrrradrs Ado>errrd

Attitude & Heading Referenca System
»

o-m'ynhv P

MintDV recorders

Allow us to make accurate measurements from
‘SQ terrains we have constructed

Slit for

Slitfor
Left” Mosaic

“Right” Nf?sai

29

«\.A_grial Digital Imagery

+ Photography or
videogkephy

* Produce\\

georeferenced 2D
Mosaics or 3D
Terrains

+ Collect multi-
spectral data to
assess vegetation
and environmental
conditions

“We produce 3D models from video by dual
samfling of each video frame to produce right
and left view mosaics of the video.

\,
\,

“Right"” Mosaic ‘

- Example: Water

= Aerial assessment tools can precisely
locate and evaluate watersheds

= Ground measgirements are used to
link changes in upland vegetation or
farming practices to water quality and
quantity ‘

30
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Tools for Planning Projects
e

=

41

\

Assess vegetation health

38

40

Infrared Image

Data Gathering and Analysis Can
Help Achieve Program Objectives

e Target planting areas
¢ Land productivity potential
° Current carbon irlvzentory
= Potential for cobenefits

= Build cooperatidn with local communities

= Support negotiations with host
governments

= “Spatial Information Packages” can provide
framework for monitoring results

42
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Geographical Distrioution of Biomass Caton in -
Tropical Southeast Asian Forssts: A Database”,

Total biomass

carbon density

classes (Mg/ha)
]

Mean Biomass Carbon and Soil Carbon to
100 cm depth - Potential and 1980 Actual

Counhtry Biomass (MgC/ha) Actual soil
B Potential  Actual 1980 | (MgCrha)

Cambodia 233 170 129
Indonesia . 315_ 190 183
Laos ‘ 1952 156 136
Malaysia-Islands 337 200 162
Myanmar ' 223 138 136
Philippines  © 301 129 112
Thailand 200 106 128
Vietnam 212 151 134
“ Distribution of Bi Carbon in Tropical Southeast Asian 44

Forests: A Database,” Brawn et al, March 2001.
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Spatial Information Packages
: eF=

3 =
\

48




\\Sgatial Information Platform

=\Combine available datasets to assist
project design

= Geo-referengegl.to simplify analysis

= Overlay aeriaFdigital imagery

= Create new tools for recording and
valuation of multiple co-benefits

= Create visual historical record of
project compliance

49

\Cgtegories of Data Available

\-\Topography = Cropping areas
= Geographic data  * Carbon storage
. Lépd use = potential

. Expected variability
= Vegetation cover in growth rates

Begin by finding available geo-referenced data
and imagery.' 51

7 1/2 minute Topographic Quad sheets

= Ecosystem * Rainfall
classification = Environmental
. Land'yarea values
= Land ownership = Population
50
.
\

Exam)){e from the United States

i

\
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aansiars

5
Asi]

Pipelines & Transmission Lines

il

Hydrology and watersheds. 60




Landsat data becomes easier to interpret when
placed in a 3D terrain. 61

As does our aerial imagery. 62

Project sites can be evaluated and monitored over
time from aerial imagery and available GIS data. 63

Conclusions

= Forestry projects under CDM require
host country approval

= Projects with_egpnomic and
environmentakeo-benefits will be
approved more easily

= Aerial imagery can reduce
measurement costs and capture co-
benefits

65




Tree growth and carbon sequestration

Yasushi Morikawa

Fac. of Human Science., Waseda University

Eco-physiological process of tree growth

When considering the mechanism of tree growth in terms of its physiology, we can discuss it
in terms of the physiology of photosynthetic conversion of light energy into chemical energy of
plants. No animal can absorb light energy into the body unlike the plants. Animals are
completely dependent on the plants for their chemical energy.

Respiration goes through the reversed process in the figure. The reversed process
incidentally, signifies that forest fire can be discussed in the same terms as respiration of plants.
Photosynthetic pmdliction of trees/forests means absorbing carbon dioxide while forest fire
means releasing carbon dioxide. It is, therefore, necessary to take into account of the exchange
‘of carbon dioxide that takes place between forests and atmosphere in discussing the role of
forests in relation to the problems of regional or global carbon budgets.

- Incomes, expenses, and savings .
Tree/forest growth can be interpreted as a budget and be itemized as incomes, expenses, and
savings. Photosynthetic production can be signified as income and respiratory loss as
expenses; growth as savings. Low savings can therefore be the result of “low income and
high expenditdre", “high incbmq and high expenditun;” or “low inéome and low income”.

In the younger stage of tree growth, the income generated from its crown or canopy is high,
and the surplus (photosynthetic' production - respiration in the crown or canopy) sufficiently
provides organic matters with energy for new growth in foliages, stems, branches, and roots .

In the mature stage or climax stage, the maintenance costs of the stems, branches, and roots
increase owing to their enlarged quantity, signifying the increased expenditure. To further the
condition, incomes decrease due to the structural factor of the masses being spatial i.e., the
photosynthetic production is hindered by chronic water stresses owing to the long distance that
lies between the tree crown and the root system.

Low income means low distribution of organic matters to non-photosynthetic parts.  If the
fine root growth is disturbed, absorption of water and mineral nutrients declines, which in tumn

accelerates the water stresses in the crown.

Role of forests in carbon sequestration

For easy understanding, I would like to illustrate the process, usihg the baggage (carbon
dioxides) and warehouse (forests) relations. Forest growth means the increasing storage of
baggage and the size of warehouse. The warehouse, nonetheless, has limitation in size and it
will be occupied to the fullest extent by baggage eventually. That is the stage of the climax
forest, and in terms of baggage and warehouse relation, there is no more baggage coming into at
this stage. This signifies no room for the role of forest to play in carbon sequestration. '



“If a forest fire occurs, carbon dioxides gets released into the atmosphere just in the same
manner as the baggage gets released from the warehouse when it catches on a fire. In the long
term perspective such as 200 to 500 years, the carbon dioxide or baggage is only temporarily in
the atmosphere or in the warehouse or tree/forests because of the life cycle of trees/forests and
because the naturally caused damages on forests such as natural fire, cyclone, etc., occurs
frequently. Therefore, there is no room for the forest to play its role in carbon sequestration
when consideﬁng such a long time span. For this reason, when we evaluate the role of forests
in carbon sequestration, time span should always be kept in our mind. Debates, therefore, on
~ carbon sequestration of forests in relation to CDM of the Kyoto Protocol should take the time
span into account.

Another serious plbblem that we have to keep in our mind is the decreasing warehouses, in
another word, deforestation, which is the major problem conceming the global environment.
We are strongly reminded that the warehouses be conserved and maintained in regional, national
and global levels. .

As a measure of increasing the sizes warehouses, utilization of forest products is strongly
recommended. Utilization of wood in building houses and in other constructions increases
warehouses outside the forest area. Nevertheless, here as well, the time span, that we have to
be reminded of, shall always be taken into account of when we evaluate the role of these forest
products such as houses because of they have a limited life span as a warehouse. The baggage
goes out of the warchouse after their life span is up.

An impo&ant role that the forests products (trees in particular) plays in the affairs of global
environment is the fact that the forest products can reduce the dependency on limited fossil
resources. [t is reassuring to know the fact that they are renewable by making best use of solar

energy that abounds on earth.

Carbon accumulation in planted forests in the tropics
The amount of carbon in natural vegetation shall be subtracted from the amount of carbon in

 planted trees in CDM project site for evaluating its carbon sequestration as an CDM activity.
Because, obviously, carbon sink in natural vegetation can not be accounted for as the CDM

efforts.
Our recent field research indicates that CDM activities are increasing carbon sequestration in

planted forests in the tropics even after applying the Rule of the Subtraction of Baseline and give
attractive policy material to policy makers concemed. .
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