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Fig. 3.7a. Distribution of aboveground forest biomass 
(for trees > 10 cm) of tropical forests of America, 
aggregated at 1 km spatial resolution, showing 
variations regionally and across the landscape.  



National Carbon Mapping Tool 
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Concept of National Forest Carbon Mapping 

Keeping Uncertainty Low 

National Forest Carbon 
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Develop National Forest Inventory 

 

 
 

Forest Inventory and Analysis 
Sampling and Plot Design 
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Overview.  The FIA Program 
collects, analyzes, and reports 
information on the status, trends, and 
condition of America?s forests: how 
much forest exists, where it exists, 
who owns it, and how it is changing, 
as well as how the trees and other 
forest vegetation are growing and 
how much has died or has been 
removed in recent years. 
 
The components and characteristics 
of the FIA Program that relate to 
sampling and plot design include: 
 
* Coverage - A single inventory 
program to include all forested lands 
in the US, regardless of ownership 
or availability for forest harvesting.  
The new program includes all forest 
land in all 50 States plus all of the 
territories and possessions of the US.  
It covers all public and private forest 
land such as reserved areas, 
wilderness, National Parks, defense 
installations, and National Forests. 
 
* Sampling Intensity - The new 
program includes the measurement 
of a fixed proportion of the plots in 
each State, each year, known as 
annual inventory.  Each portion of 
the plots is known as a panel.  The 
legislative mandate requires 
measurement of 20% of the plots in 
each State, each year, to be achieved 
through a federal-state partnership.  
Plans have also been developed for 
less intensive sampling levels of 
15% per year and 10% per year.  We 
have agreed that the base federal 
program to be implemented in all 
states will include sampling levels of 
15% per year in the eastern US and 
10% per year in the western US. 
 
* Precision - The plot intensity 
assumes that enough plots are 
measured to satisfy precision 
standards for area and volume 
estimates, which are consistent with 

historical levels.  Individual States 
may choose to increase the sample 
intensity by installing additional 
plots, at their own expense, in order 
to increase the precision.  However, 
one of the advantages of the proposed 
annual inventory system is that it will 
provide maximum flexibility to States 
to engage in such intensifications. 
 
* National Sampling Design - A 
nationally uniform cell grid has been 
super-imposed over our existing set 
of sample locations, in order to 
provide a uniform basis for 
determining the annual set of 
measurement plots. 

 
 
Phase 2 hexagons from Waseca Co. Minnesota 
and the selected Phase 2 plots for each cell by 
panel. 
 
This system will eliminate existing 
discrepancies in the sample intensity 
between States and regions, and will 
provide a standard frame for 
integrating FIA and for linking the 
program's other data sources such as 
satellite imagery, spatial models, and 
other surveys. 
 
* Core Variables - The FIA program 
includes a national set of core 
measurements (including some forest 
health variables collected on a subset 
of the plots), collected on a standard 
field plot. 

 
* Data Collection - All field data 
collectors, regardless of whether they 
are Federal, State, or contractor receive 
standardized training and pass a 
certification test before collecting data. 
 
* Quality Assurance (QA) - The 
present QA program includes training 
for data collectors, documentation of 
methods, checks of data quality, peer 
review of analysis products, and 
continuous feedback to ensure that the 
system improves over time. 
 
Forest Inventory and Analysis.  In 
response to legislative direction , the 
USDA Forest Service significantly 
enhanced FIA by changing from a 
periodic survey to an annual survey, by 
increasing our capacity to analyze and 
publish data, and by merging the FIA 
and the FHM sampling designs.  The 
wide array of data collected on the 
Nations? forested ecosystems are used 
by a diverse set of customers for many 
purposes. 
 
The enhanced FIA program consists of 
three phases or tiers.   
 
* Phase 1 - Phase 1 is the aspect of data 
collection related to remotely sensed 
data in the form of aerial photographs, 
digital orthoquads, and satellite 
imagery.  This accomplishes two tasks, 
intial plot measurement via remotely 
sensed data and stratification.  This 
activity is accomplished in the office.  
A Phase 1 Zphoto point[ is 
characterized as forest or nonforest.  A 
subset of the photo points are selected 
for field data collection (Phase 2). 
 
* Phase 2 \ This component consists of 
one field sample site for every 6,000 
acres.  Field crews collect data on 
forest type, site attributes, tree species, 
tree size, and overall tree condition on 
accessible forest land. 
 
 

Assuming the same variability of the US Forest 
One plot per 2500 ha of forest, with systematic random samplig 
Require ~ 260000 plots, at least 0.25 ha in size, $1000-3000/plot 
Total Cost: $260-780m over 10 years 





Sampling Strategy 



Process of Estimating AGB Using Systematic or  
Random Sampling of RS  

data calibrate by In Situ Plots 



Development of Regional Unbiased Estimators 
1.  Forest Specific Lidar-AGB allometry 
2.  Formulate the effect of Lidar Clustering 
3.  Estimate Mean and Standard Errors for Forest Types of Ecoregions 

µ j =

1
n j

Fij (α j )
i=1

n j

∑

1
n j

ηij
i=1

n j

∑

var(µ j ) =
1
η j
2

Fij (α j )−µ jηij( )
2

i=1

n

∑
n(n−1)

+
1
η j
2

Cov(
k2

p j

∑
k1

p j

∑ αk1 j ,αk 2 j )Fk1 j
' Fk 2 j

'

where

Fk1 j
' =

∂f (xit ,αk1 )

∂αk1t=1

T

∑
i=1

n

∑

where
AGB = f (x,α,ε) = a(WDhTCH )

b +ε



Minimum Area Covered by Lidar 
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DRC	
  Grid	
  Base	
  Flight	
  Plan	
  
•  Using	
  a	
  1	
  deg	
  x	
  1	
  deg	
  grid	
  
•  Random	
  selec;on	
  of	
  a	
  loca;on	
  

within	
  the	
  grid	
  and	
  on	
  forest	
  
areas	
  (216	
  points)	
  

•  Choosing	
  the	
  points	
  to	
  develop	
  a	
  
transect	
  flight	
  lines	
  

•  	
  Flight	
  lines	
  cover	
  areas	
  of	
  about,	
  
2000	
  ha	
  each	
  	
  

•  The	
  flight	
  direc;on	
  was	
  selected	
  
to	
  op;mize	
  landscape	
  varia;ons	
  
along	
  topography,	
  moisture,	
  ect.	
  

•  Total	
  area	
  of	
  systema;c	
  sampling:	
  
~430,000	
  ha	
  

•  Addi;onal	
  Ferry	
  3000	
  km	
  of	
  ferry	
  
line	
  >	
  150,000	
  ha	
  





Why Systematic National Observations  
National Inventory Integrating Ground and Space Sampling 



Systematic Random Sampling Approach 



Efficient and Cost Effective Sampling 

1.   Systematic flights across the 
country (75 days of flight days) 

2.   Collect data in seasons with the 
least cloud cover regionally 

3.   Each line will be > 1 km wide, > 10 
points/m2 

4.   Collection, Processing, and 
delivery 18-24 months 



Lidar Transect Data 

Swamp Forest 

Unlogged Forest 

Degraded/Logged Forest 

Degraded Forest 

0 m 60 m 
Swamp Forest 

Terra firme Forest 

Logged Forest 



Sample of Lidar Transect Showing 3-D structure of  
Terra Firme and Swamp Forests in around Lake Mai Ndombe 



Lidar 3D Structure of Tropical Forests 



Water Bodies Detected by High  
Resolution Aerial Imagery 

Standing 
Water 



Lidar Biomass Allometry 

AGB = aρhLIDAR
b

Pattern of AGB is defined by: 
1.  Pattern of large trees 
2.  Pattern of high wood density trees 
3.  a and b may be dependent on environmental variables 
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Gabon AGB = 0.065*0.613*LH^2.67
BCI AGB = 1.772*0.592*LH^1.66
LaSelva AGB = 9.779*0.475*LH^1.09
Colombia AGB = 0.025*0.593*LH^3.05
all combined AGB = 0.465*0.588*LH^2.07



Design	
  of	
  Lidar	
  Calibra;on	
  Plots	
  

•  1-ha plots 
•  DBH Trees> 10 cm diameter 

•  Height 
•  Species 

•  GPS location of corners 

Permanent Plots 

Satellite Plots 

•  0.16-0.25 ha plots 
•  DBH Trees> 10 cm diameter 

•  Species 
•  GPS location of corners 



Ground Truth with a Grain of Salt 



23 

DRC 
MaiNdombe region 

Example of 1ha plots on Lidar image 

41,945 ha (lidar scenes) + 64,434 ha 
(ferry lines) = 106,379 ha 

Class map 

Example: Mai Ndombe 



ALOS image 
White : Lidar plots 
Red : Ferry Lines 

Mai Ndombe Lidar Samples 

Bastin plots 



Mai Ndombe Sample Plots 



Lidar Biomass Model 

3-D Forest Structure of 1-ha Plots 
representing the tree height and 
crown size 

AGB = 2.368(WDh)1.688

Mean Woody Density from plot data 
assigned to stratification map 



Satellite Imagery 

< 300 m > 500 m 

SRTM DEM 

Landsat TM 

ALOS PALSAR 



Mai Ndombe Forest Stratification Map 



Mean Top Canopy Height 
100 m 

0 m > 30 m 20 m 10 m 



Global Map from  
Airborne Lidar Inventory (100 m)  







Validation of Carbon Map 



Uncertainty 
(2 σ) 

 > 120 Mg/ha 

> 60 Mg/ha 

> 30 Mg/ha 

< 5 Mg/ha 

Spatial Uncertainty 



Application of the Map for 
REDD and Emission Reduction 

Projects 



National Carbon Assessment 
1.  This is the first national map designed based on approved 

VCS tool 
2.  National map will provide detailed information on carbon 

stocks at local to regional scales 
3.  National map can be used to develop project and 

jurisdictional ER programs and land use plans 
4.  The map can be evaluated and improved as ground data 

becomes available 
5.  All data used for the map including lidar samples, satellite 

information and lidar models, ground data, will be available 
for transparency. 


