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Monitoring Carbon Stocks and Emissions at GCF Jurisdictional Scales is Scientifically Robust
The latest scientific and technological approaches are a great fit for GCF jurisdictions in terms of delivery and uncertainty
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Carbon Monitoring Technology
Programs within California’s
Institutional Network

Methods for rapid forest plot inventory

Methods to greatly extend the coverage of
plot inventory networks using aircraft

Methods for satellite based forest cover and
carbon emissions monitoring

New geospatial communications tools




How Modern Forest Carbon MRV Systems Work
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Forest Cover Monitoring

At jurisdictional scales, forest cover
change - from deforestation,
degradation, and regrowth — are
straightforward to monitor with
California-grown satellite monitoring
technologies.

» Measurement resolutions: < 0.1 ha
» Mapping and reporting: < 1.0 ha
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Carnegie Landsat Analysis System-lite (CLASlite)

System to automatically analyze imagery from 9 different
satellites

Provides detailed maps of forest cover, deforestation, and
forest degradation

Supports users from about 2229 organizations in 133
countries

Stanford Online Course for training and disseminating
CLASIite in English and Spanish
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http://claslite.stanford.edu

What is CLASIite?

Deforestation over Time
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Automated analysis of satellite imagery
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Colombian Government uses CLASIite
National forest cover change
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How Modern Forest Carbon MRV Systems Work
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Jurisdictional Forest Inventory

Field plot networks are essential for
most carbon monitoring systems.

Lots of innovation ongoing in
standardizing plot-level measurements
and calculations (allometrics)

But plots ultimately cover a small
proportion of the jurisdictional
landscape.

This has raised a lot of doubt regarding
deployment, maintenance and long-term
efficacy.




Surrogates for Field Inventory Plots?

Requirements
— Measures an allometric (biomass-structural) property of the vegetation
— Is not limited to any specific type of vegetation
— Can be calibrated against hand-measured field plots
— Can be used on thousands to millions of hectares per year
— Is affordable at jurisdictional levels




Airborne Light Detection and Ranging
(LiDAR)




DAR image

A standard Li










Airborne LiDAR has become very common, and this is useful to REDD+ MRV

GO. JSIL’ commercial airborne lidar

Web Images Maps Shopping More ~ Search tools

Ab

Ad related to commereial airborne lidar ()

Airborme LiDAR Mapping - merrick.com

www.merrick.com/

Block all merrick.com ads

Airborne LIDAR & Hyperspectral Data Acguisition Service & Products

Scholarly articles for commercial airborne lidar

Use of airborne LIDAR and aerial photography in the ... - Sudrez - Cited by 119
large-footprint scanning airborne lidar to estimate forest ... - Means - Cited by 3563

.. change of coastal dunes using airborne LIDAR: Cape ... - Woolard - Cited by 114

Airbomne Lidar Bathymetry Services by Fugro Pelagos, Inc.

www .fugro-pelagos.com/lidar/aboutfp html

Fugro's commercial Airborne Lidar Bathymetry services are managed by Fugro
Pelagos, located in San Diego, California, USA. The San Diego office was ...

Airborne Lidar Scanners - February 2011, Volume 25, Number 2 ...
www.gim-international.com/.../id1667-Airborne_Lidar Scanners.ht...

Mar 2, 2011 — The first commercial airborne Lidar systems appeared on the market
in the mid-1990s. This active remate-sensing technology rapidly evolved ...

IPoF LIDAR an Introduction and Overview - Portland State University
web.pdx.edu/~jduhicourses/Archive/. /Marcoe_LIDAR.pdf

File Format: PDF/Adobe Acrobat - Quick View

1995 - First commercial airborne Lidar systems developed. = Last 10 years -
Significant development of commercial and non-commercial systems ...

LIDAR Overview

forsys.cfr.washington.edu/JFSPO6/lidar_technology.htm

Several types of airborne lidar systems have been developed; commereial systems
commonly used in forestry are discrete-return, small-footprint systems.

IPoF] Airborne Lidar Data Processing and Information Extraction
www2.hawaii.edu/~gichen/../Chen%202007%20PERS%20highlight.

File Format: PDF/Adobe Acrobat - Quick View

by Q Chen - 2007 - Cited by 43 - Related articles

The first commercial airborne lidar system was introduced just ten years ago (Flood,
2001). Now, the |atest system is capable of transmitting 100,000 pulses per ...

Images for commereial airborne lidar- Reportimages

- ‘ i

Ads iy
Lidar Mapping

www geodigital.com/
NERC mapping services for industry
leaders. Call for a quote

Airborne LIDAR solutions
www terrasolid.fi/

Innovative solutions for handling

of airborne and mobile point clouds

LiDAR

www .aerialservicesinc.com/
Expert LIDAR solutions from
Aerial Services, Inc. (ASI).

Galileo Group Inc.
www.galileo-gp.com/
Lidar Services/Mapping
Lidar/Hyperspectral Fusion

LiDAR Services Company
www.mekimereed .com/

LIDAR Acquisition & Processing,
Digital Photogrammetry

See yourad here »
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Forest Canopy Cross-sections from Airborne LiDAR
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Plot-scale calibration of Airborne LiDAR

ACD Estimated by Plot Inventory

(Mg C hal)
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And an Explosion in LiDAR-based Forest Carbon Mapping

Miller oy
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Fairchild
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P 255

Shannon
Cove

DraytunH

; o
Kilometers

Clouds
0 0.5 1 2 -

Barro Colorado Island, Panama

Pacific Islands
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Uncertainty in LiDAR-based Carbon Estimation




How Modern Forest Carbon MRV Systems Work
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forest cover and type
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An Example from the Republic of Panama
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Jurisdictional Stratification

* Freely available NASA data AN S
* Easy to use and ready for analysis ' . Elevation




Jurisdictional Stratification with CLASIlite




National Stratification Directs Airborne LiDAR Sampling







Scaling Up the LiDAR Data to the Jurisdiction
using Well-established Models

&1 ]
File

Carnegie Airborne Observatory

LiDAR Mapping
Software

Geosatial
Models

Jurisdictional Environmental Data
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Deploy Aircraft & Sample Country Until Statistical Needs Met

(1 >10.0%

[ 5.0-10.0%
[] 2.0-5.0%
[ 1.0-2.0%
B 0.5-1.0%

5,000 hectares



The High-resolution
Carbon Geography
of Peru

128,546,068 hectares

(321 million acres)

at 1-hectare resolution with
uncertainty reported for
every hectare throughout
the country

Aboveground Carbon Density
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Years of work

Field Verification

One day of flight
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Percent of Total (%)

Distribution of Carbon Stocks
throughout Peru’s forests

2.0
| Median ACD =99.3 Mg C ha™’
1 MaxACD =167.6 Mg C ha™
| Skewness = -0.831
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Carbon Stocks by Jurisdiction

Table 1. Mean and variance oflaboveground carbon density, and total aboveground carbon
stock, for each Peruvian Region. The proportion of carbon stocks in each region relative to the
total for Peru is also given. SD = standard deviation. Tg = Teragram = one million metric tons.

Mean Carbon

SD of Carbon

Total Carbon

Proportion

Area Density Density Stock of Peru

Region (ha) (Mg C ha?) (Mg C ha?) (Tg C) (%)

Amazonas 3,930,390 61.9 38.7 2429 3.51
Ancash 3,595,941 2.3 2.6 8.1 0.12
Apurimac 2,111,640 1.0 251 2.2 0.03
Arequipa 6,325,762 2.2 2.6 14.2 0.21
Ayacucho 4,349,951 4.7 13.8 20.4 0.29
Cajamarca 3,304,619 9.2 17.0 30.5 0.44
Callao 14,167 6.4 2.8 (o Rk 0.01
Cusco 7,207,883 32.2 38.8 2317 3.35
Huancavelica 2,206,335 1.8 4.2 3.9 0.06
Hudnuco 3,720,347 35.2 37.5 130.6 1.89
Ica 2,108,125 74T/ 4.2 16.1 0.23
Junin 4,399,697 33.4 37.5 146.4 213
La Libertad 2,529,588 4.0 8.2 10.0 0.14
Lambayeque 1,434,306 3.01 2.6 4.4 0.06
Lima 3,499,260 3.3 3.0 11.6 0.17
Loreto 37,511,259 98.8 29.4 3685.1 53.24
Madre de Dios 8,504,866 96.4 23.0 819.2 11.83
Moquegua 1,580,513 2.7 3.2 4.3 0.06
Pasco 2,411,598 51.2 425 123.3 1.78
Piura 3,605,927 3.3 4.6 11.7 0.17
Puno 6,796,462 15.6 32.3 106.0 1.53
San Martin 5,096,436 59.8 37.8 303.8 4.39
Tacna 1,608,229 2.9 2.6 4.7 0.07
Tumbes 469,182 10.3 7.0 4.3 0.06
Ucayali 10,533,060 93.7 31.1 986.8 14.26




Peru’s Balance Sheet
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Peru’s Balance Sheet




How Modern Forest Carbon MRV Systems Work

Forest Types

Satellite for strategic monitoring

CLASlite Mapping

Carbon stock sampling

Scaling; monitoring emissions
and gains




An Example from a GCF Jurisdiction: Madre de Dios, Peru

Carbon Emissions

Aboveground Carbon Density (Mg C ha™)

&) CLASlite Forest Monitoring - Carnegie Institution for Science
Madre de Dios, Peru
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Carbon Emissions in Madre de Dios, Peru

Gross carbon loss from forest change (Tg C)
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1 Tg = 1 million metric tons
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Estos resultadas constituyen una contribuciin del Ministerio del Ambiente, o
ol propbsito de contar con informacién actualizada y con un nivel de exactitud
astante alto, sobre [a Cobertura de Basques y deforestacién en el dmbita de .
13 Amazonia Peruana

figura 8. Mapa de deferestacién del periodo 2010-2014
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Figura 9 . Mapa de deforestacion del pancdo 2000-2014
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