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Overview of Sourcebook

Chapter 1 and 2: Introduction and definitions

Global cbservations

Estimation of area change
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deforestation detection J Chapter 3
Regional /national observations
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Overview of Chapter 4 on Carpon
Stocks

v"Which Tier Should be Used?
v' Stratification by Carbon

v Steps to estimate Carbon Stocks of
Forests Undergoing Change

v"How to assess Uncertainty resulting
from the forest carbon stock
estimations



Which Tier Should be Used?

IPCC Tier

Data needs/examples of appropriate
biomass data

Tier 1
(little

guidance
heeded)

Default mean annual increment (MAI for
degradation) and/or forest biomass stock
(for deforestation) for broad continental
forest types—includes 6 classes for each
continental area; default values given for all
vegetation-based pools

Tier 2

MAT and/or forest biomass values from
existing forest inventories and/or ecological
studies.

Default values provided for all non-tree pools
Newly-collected forest biomass data.

Repeated measurements of trees from
permanent plots and/or calibrated process
models. Can use default data for other pools
stratified by in-country regions and forest
type, or estimates from process models

-The IPCC
recommends that
it is good practice
to use higher
Tiers for the
measurement of
significant
sources/sinks of
GHGs

‘For deforestation
and significant
timber harvesting
activities this would
imply a Tier 2 or
higher




General approaches to improving
estimates of carbon stocks

= 1 STEP 1: Identify strata where
assessment of carbon stocks is needed

Not all forest strata are likely to undergo
change

Can identify by stratifying forests by factors
that affect biomass:
= Biophysical factors such as climate (wet to dry) and
elevation

= Human disturbance factors such as closeness to
roads, human settlements, etc.



FAO Ecological zones

Tropical dry forest

Tropical moist deciduous forest
Tropical mountain system
Tropical rainforest

m Water

Kilometers

Elevation category
I Less than 1,000 m N
|:| Greater than 1,000 m A

Example of how to stratify
country’s forests for carbon
estimation

Stratified Forest <Ff—'*-—'-"w,: L 2 J
Ecological zone/Elevation catagory /A ,c:es_f.i‘blilit category ( thousands ha) ?’-,
[ I Tropical dry/<1,000m/<10 km (155 ha) A4
I Tropical dry/<1,000m/> 10 km (15 ha) z
[ ] Tropical moist deciduous/< 1,000 m<10km (1,355 ha)
[ ] Tropical moist deciduous/< 1,000 m/> 10 km (1,823 ha)
I Tropical moist deciduous'> 1,000 m<10km (2,446 ha)
I Tropical moist deciduous/> 1,000 m/> 10 km (3,864 ha)
[ ] Tropical mountain system/< 1,000 m/<10km (404 ha)

[ Tropical mountain system/< 1,000 m/>10 km (466 ha)

Accessibility category

- Less than 10 km distance from major roads | Il Tropical mountain system’> 1,000 m/<10km (1,885 ha) N
[E] More than 10 km distance from major roads N I Tropical mountain system> 1,000 m/>10 km (3,008 ha) A
|:| Tropical rainforest/< 1,000 m/<10 km (46,628 ha)
A [ Tropical rm inforest/< 1,000 m/> 10km (77,332 ha) 1,000
1000 B ropical minforest’> 1,000 m/i<10 km (845 ha) ' Kilometers !
! T Il Tropical @ inforest/> 1,000 m> 10km (1,647 ha)

Kilomelers




General approaches to Improving
estimates of carbon stocks

= 2 STEP 2: Assess existing data quality

e.g.—less than 10 years old, derived from multiple plots,
sampled from good coverage of the strata, all species
and minimum diameter at least 20-25 cm included if using
forest inventory data

Provides detailed guidance on how to convert forest
inventory data to carbon stock estimates

= STEP 3: Collect missing data

Based on decisions about which strata at risk of
deforestation or degradation in the future but do not
have estimates of carbon stock

Specific guidance on desighing and implementing field
measurement of carbon stocks can be found in Chapter
4.3 of IPCC GPG LULUCF and also in the World Bank's
BioCarbon Fund Sourcebook for Land Use, Land-Use
Change and Forestry (available at
http://www.winrock.org/Ecosystems/files/Winrock-
loCarbon_Fund_Sourcebook-compressed.pd1



http://www.winrock.org/Ecosystems/files/Winrock-BioCarbon_Fund_Sourcebook-compressed.pdf
http://www.winrock.org/Ecosystems/files/Winrock-BioCarbon_Fund_Sourcebook-compressed.pdf

How'to, monitor degradation?

= Need to know cause'so can design a
system for monitoring and accounting—
logging, fire, fuelwood, removing biomass
> ability To regrow, etc..

Different systems needed for different
causes

= General procedures for estimating
degradation impacts on C stocks exist in
IPCC for many causes

Changes'in C stocks in “forests remaining as
forests”




IPCC methodology for accounting for
emissions from “forests remaining as
forests™

= Use "gain and loss" approach
AC stock = Gain in C- Loss in C
Loss from harvest of logs, fuelwood, or disturbance
Gain from regrowth of degraded forest over multiple years

= Can use "stock-difference” method but requires
repeated inventories through ftime

= Can include all 5 pools—aboveground biomass,
belowground biomass, dead wood, litter and soil

= Wood into products assumed to oxidize in year
harvested—overestimates emissions if goes into
long term wood products

= Does not include losses from collateral damage to

stand, construction of skid trails, roads and landing
decks
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Data needs to estimate impact of logging
on changes In forest carbon stocks

1.
2.

SOy OF B

Area logged in a given year

Amount of timber extracted per unit area per
year, and area of infrastructure (roads etc.)

Amount of dead wood produced per unit area per
year (from tops and stump of the harvested tree,
mortality of the surrounding trees caused by the
logging)

Tree mortality from the skid trails, roads, and
logging decks

Decomposition rate of dead wood

Amount going into long term storage as wood
products

Regrowth rate of stand after logging per unit area
per year for multiple years 11



1. Area logged per year

= Reliable national statistics

= Independently by remote sensing
Obtain area logged in a given year

Monitor and record logged area over time

= Can give area under logging in current year and
if archived, area logged through time

12



Resampling
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Carnegie Landsat Analysis System (Asner et al. )®
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#< Brazil Amazon: deforestation (R) and
selective logging (L) differences

PRODES Classes (Brazil data) CLAS
" Forest [ Recent Logging
| Deforestation 2001-2002 [ Forest Cover
_ " Previous Deforestation Il \Woody Debris
Bl Soil



Time series of logging activity in Brazilian Amazon

A N -

Brazilian
Amazon

I 1999-2000 Logging
B 2000-2001 Logging
B 2001-2002 Logging TOTAL
- Federal Conservation Units ESTIMATED
Indigenous Reserves ERROR 11-14%

. [ T
Asner et al. Science 2005 Km
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However monitoring degradation needs to
be frequent

Rate of forest recovery after
logging and fires is fast and
needs frequent monitoring

Old Logged dand
Bumed

N 4

I ¢

41 05 0 o5 1§ — 1 kim
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2. Amount ofi timber extracted per
Unit area per year

= Reliable national statistics-IPCC
Illegal logging?
Extract more than allowable cut

= Tndependent method: Aerial imagery
using a sampling approach—produces
estimates of area of gaps (tfimber
extracted), and other impacts

17



Fly aerial transects over concession to
monitor Iogglng gaps roads, etc
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Strips of aerial
Imagery showing
logging damage

- Left with gaps delineated
automatically

- Right-without

- Use imagery to estimate

area of gaps, roads and
length of skid trails

- Estimate proportion of

total sample area covered
by gaps to get total gap area
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3. Change In live and dead C
stocks of forest

-Roads ATMOSPHERE _
" "_ H-\-
-Skid trails | .

-Landing decks Carbon d|0X|de

E}ztracted Fuelwood

WDDd Products

Logging has the effect of decreasing the
stocks in live biomass and increasing the
stocks in dead wood and wood products




Quantify change
In live and dead
C stocks

Collect measurements on
felled trees to estimate
the A live C and the A
dead C
‘Use biomass regression
equations to estimate
biomass of felled trees
Dead biomass (top) =
total minus biomass in
logs

21



Extracted volumes

Estimate carbon in log based on

volume and density
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- 4. Road and skid
* trail damage

w7 Estimated skid trail

damage by measuring

fallen trees on ground
and road damage from
area and C densi’ry
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Summary. of field results from Congo
(100 plots)

Factor 95% CI

m° extracted / m“ of gap area  0.0444  +0.0057

Kg C extracted / m* of gap 12.10  +1.58

area
Kg C damaged / m” of gap 18.52  +2.29

area
Kg C damaged / m of skid 6.83 +2.44

trail

Kg C damaged / m? of road 27.67  +10.39
area




Combining field data with Imagery-

summary. of results
Extracted 9.6 m3/ha and about 0.5 trees/ha

Total carbon impact

tC

Impact per ha of
concession

95% CI t C/ha 95% ClI

Extracted biomass
carbon

Damaged biomass
carbon in logging

gap

Damaged biomass
carbon in skid
trails

Biomass carbon
impact of logging
roads

TOTAL

Emissions per m®
extracted

3,824

5,698

+ 248 2.60 +0.17

+ 343 4.01 +0.23

8.86
3.6t CO2




Other Impacts

5. Loss: Decomposition rate of dead wood—
from literature (varies ~3-12%/yr)

6. Amount going into long term storage as
wood products (IPCC assumes zero, varies
30-60% depending on milling efficiency and
final product)

/. Regrowth rate of stand after logging per
unit area per year for multiple years—
poorly known, default values given in IPCC
but not for logged areas specifically

Regrowth generally affects gap areas only
created by logging not whole area of concession,



Putting It all together to estimate change in C

stocks of logged forests

A | B | ¢ | b | E F | 6 | H | |
1 [Model to estimate net emissions of carbon from forest harvesting
2
3 Only change data in blue highlighted cells
4
5 |Assumptions: |Density of harvested wood 06 tim"3
) Armount of wood extracted, mf3fyr insert into col B
7 Total biomass damaged --damage factor 2.0t damaged
g Armount into wood products = wolume x density x 0.5 » conversion efficiency
H Conwersion efficiency 0.3 | !
10 Decomposition rate of wood (% per year) 0.07
11
12 Area damaged per m3 of rermoved timber {from field data) BO00 mZfm3
13 Regrowth in logged gaps 2 t Clhafyr
14
15 |Live Momass removals Change in dead wood pool
16 |[Year “Wolume Total C Damaged  Dead wood Change in dead Annual Regrowth in Annual emissions
17 rernoved rernoved pool wood C pool wiood product: logged areas  from logging
15 103 m*3fyr 1000t Cfyr 1000t C/yr 1000t C 1000 t Cfyr 1000t C/yr 1000t C using 0.07
19 Decomposition rate = 0.07 1000 t Chyr
20 1997 45.0 405 270 27 27 4 5 14.9
21 1998 45.5 409 273 52 25 4 5 16.8
22 1999 459 41.3 275 /b 24 4 B 18.7
23 2000 46.4 4.7 278 99 23 4 B 205
24 20071 46.8 421 281 120 21 4 B 222
25 2002 47.3 426 264 141 20 4 B 238
26 2003 47.8 43.0 287 160 19 4 B 253
27 2004 43.2 434 289 176 18 4 B 8.7
20 2005 487 439 292 195 17 4 B 28.1
29 2006 492 443 295 212 16 4 B 29.4
30 2007 437 447 298 prsd 16 4 B 30.7




Changes In C stocks from legging

Net Change = Alive — Adead — Awood products + Regrowth

—e— Change inlive
biomass

Timber extracted and damaged —=— Change in dead
wood

—a— Change in wood
products

Regrowth

—m— Net change

From decomposition of wood
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Conclusions

= When deforestation or degradation is a key
category need to use at least a Tier 2 or Tier 3
method—implies collection of new data

Most tropical countries need to measure and estimate C
stocks in key pools to participate in reducing emissions
from deforestation

Need to collect country specific data on direct logging
impacts (field data), arealogged per year, actual
extraction rates, losses caused by decomposition of wood,
and regrowth of logged areas through time

Methods for collecting required data available

= IPCC methodology of gain and loss useful for forest
degradation

However it needs to be modified to account for all
emissions from changes in C stocks from logging—collateral
damage, roads, eftc.
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Thank You!

Acknowledge: Colleagues Tim Pearson (WTI),
Greg Asner, Carlos Souza & GOFC-GOLD

Support: US AID, US EPA, The Nature
Conservancy

For more information see:
http://www.winrock.org/Ecosystems/

Or contact me:
sbrown@winrock.org
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