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Introduction 
 
Estimations of the fraction of Absorbed Photosynthetically Active Radiation (fAPAR) were made 
for the Brazil field campaign, June 10 through July 21, 2002.  Transect, selected plant, and 
biomass measurements were done by David Schaub, with the assistance of Benjamin Schaub.  
This report discusses the preliminary results of the field data including a comparison with PAI 
data. 
 
 
Methods 
 
FAPAR was measured with a Decagon Accupar PAR-80 instrument.  In shrubby and forested 
areas a Licor LI-190SA Quantum Sensor was used in a clearing or on a tower to obtain PAR0 
values.  Accupar measurements were done within one hour of local noon to minimize the solar 
zenith angle.  Unfortunately, by midday clouds often obscured the sun compromising the quality 
of the data. 
 
FAPAR was typically determined by 1) measuring the incident and reflected radiation for patches 
of bare soil, 2) measuring the incident and reflected radiation above the understory layer, and 3) 
measuring the transmitted radiation at the base of the understory.  APAR and fAPAR for each 
layer was calculated by: 
 
  APARTotal =  PAR0 – (PAR0 * ρCanopy) – PART + (PART * ρSoil) 
  APAROverstory =  PAR0 – (PAR0 * ρCanopy) – PARIU + PARR 
  APARUnderstory =  PARIU – PARR – PART + (PART * ρSoil) 
  fAPARTotal = APARTotal / PAR0 
  fAPAROverstory = APAROverstory / PAR0 

  fAPARUnderstory = APARUnderstory / PARIU 
 
 where, 
  PAR0 = Above canopy incident radiation; from quantum sensor or Accupar 
  PART = Transmitted radiation at base of understory 
  PARIU = Incident radiation at top of understory 
  PARR = Reflected radiation at top of understory 
  ρCanopy = Reflectance of top of canopy; estimated for forests 
  ρSoil = Reflectance of soil (reflected radiation/incident radiation) 
 
All Accupar values were converted to quantum sensor units based on calibration equations 
developed by Tomoaki Miura.  Where canopy reflectances of shrubs and trees had to be 
estimated, we used 0.065 for cerrado areas, 0.030 for site TP_77RE, and 0.023 for all other 
Tapajos forest sites.  These values were derived by direct measurement for cerrado vegetation, or 
by Landsat ETM+ for Tapajos forest sites as determined by Tomoaki Miura. 



 
Transects.  The predominant sampling method for total and overstory fAPAR was done along 
100m or 250m transects.  From the 0m to 100m mark measurements were taken at 10m intervals.  
From the 100m to 250m mark measurements were taken at 25m intervals.  These locations 
coincided with LAI2000 measurements for the understory layer. 
 
Table 1.  Locations of Accupar measurements along transects. 
 

Sample Number Location of measurements 
(meters) 

1 5 
2 15 
3 25 
4 35 
5 45 
6 55 
7 65 
8 75 
9 85 

10 95 
11 110 
12 135 
13 160 
14 185 
15 210 
16 235 

 
Biomass.  At sites where biomass was collected fAPAR measurements were taken from one of 
the samples before clipping. 
 
Selected Plants.  At AE_WC the fAPAR of individual shrubs and trees was measured, along 
with their PAI, dimensions, and species. 
 
The type of fAPAR sampling performed at each site is given in Table 2.  The boundary between 
overstory and understory was defined as the top of the grass layer for all locations excluding 
Tapajos.  At the Tapajos sites the boundary was set at one meter above the ground. 
 
Table 2.  Study sites of fAPAR data collection. 
 

Site Geographic 
Location 

Transect 
Sampling 

Quantum 
Sensor 
Used 

Other 
Sampling 

Sky Conditions 

Brasilia National Park 
BNP SC 15.58936 S 

48.00663 W 
250m: Total, 
Overstory, 
Understory 

No Biomass Clear 

BNP CW 15.73285 S 
48.00338 W 

250m: 
Overstory, 
Understory 

Yes Biomass Clear 



BNP WC 15.60981 S 
48.02948 W 

250m: 
Understory 

Yes Biomass Partly Cloudy 

Aguas 
Emendadas 

     

AE CW 15.57276 S 
47.59092 W 

250m: Total, 
Understory, 
Overstory 

Yes Biomass Clear 

AE WC 15.57845 S 
47.62727 W 

250m: Total, 
Understory, 
Overstory 

Yes Biomass, 
Selected 
Trees/Shrubs 
(12) 

Clear 

AE CG 15.54719 S 
47.61507 W 

200m: Total, 
Understory 

No Biomass Partly Cloudy 

Rio de Janeiro Farms 
RJ WOT 15.23455 S 

47.69398 W 
250m: Total No  Cloudy 

RJ WT 15.23142 S 
47.69372 W 

2 x 50m: Total No  
 

Cloudy 
 

RJ BU 15.23003 S 
47.69225 W 

100m: Total No  Cloudy 

Cangussu 
CA CW 10.06633 S 

49.90696 W 
250m: 
Understory 

No Biomass Clear 

CA P3 10.06339 S 
49.91322 W 

250m: Total No Biomass Clear 

CA P1  50m: Total No  Clear 
Santana do Araguaia 
SA CP 9.74540 S 

50.30674 W 
250m: Total No Biomass Clear 

Tapajos 
TP 67U 2.8544 S 

54.95977 W 
250m: Total, 
Overstory 

Yes  Mostly cloudy 

TP 67L 2.84238 S 
54.97889 W 

250m: Total, 
Overstory 

Yes  Mostly cloudy 

TP 89U 3.12074 S 
54.90156 W 

250m: Total, 
Overstory 

Yes  Mostly cloudy 

TP 77RE 3.01520 S 
54.90799 W 

100m: Total, 
Overstory 

Yes  Mostly cloudy 

TP 93PA 3.12714 S 
54.94476 W 

250m: Total No Biomass Mostly cloudy 

TP 83SL1 3.04599 S 
54.95298 W 

250m: Total, 
Overstory 

Yes  Mostly cloudy 

TP 83SL2 3.03119 S 
55.01072 W 

250m: Total, 
Overstory 

Yes  Partly cloudy 

 
 
 



Results 
 
The results of fAPAR values are summarized in Table 3.  For data collected along transects the 
fAPAR values are given for total, understory, and overstory layers when possible.  Biomass 
values are given separately.  Understory measurements were collected at the Tapajos forest sites, 
but light levels were too low to give reliable results.  Results for mean fAPAR values by 
landcover type are given in Table 4. 
 
Table 3.  Mean fAPAR values for transects and biomass plots.  For pasture and grassland sites 
‘Understory’ represents the grass layer; an overstory may not be present. 
 

Site Total Understory Overstory Biomass 
Brasilia National Park 
BNP SC 0.696 0.637 0.159 0.647 
BNP CW  0.585  0.651 
BNP WC  0.396  0.618 
Aguas Emendadas 
AE CW 0.592 0.166 0.419 0.406 
AE WC 0.657 0.639 0.364 0.831 
AE CG 0.560 0.560 0.000 0.588 
Rio de Janeiro Farms 
RJ WOT 0.713 0.713 0.000  
RJ WT 0.694 0.694 0.000  
RJ BU 0.356 0.356 0.000  
Cangussu 
CA CW  0.776  0.640 
CA P3 0.543 0.543 0.000 0.651 
CA P1 0.506 0.506 0.000  
Santana do Araguaia 
SA CP 0.589   0.764 
Tapajos 
TP 67U 0.962  0.921  
TP 67L 0.966  0.959  
TP 89U 0.934  0.892  
TP 77RE 0.939  0.887  
TP 93PA 0.724 0.724 0.000 0.840 
TP 83SL1 0.960  0.939  
TP 83SL2 0.958  0.959  

 
 



Table 4.  Summary of mean fAPAR values by landcover type.  For pasture and grassland sites 
‘Understory’ represents the grass layer; an overstory may not be present.  Numbers in parentheses 
represent number of transects. 
 

Landcover Total Understory Overstory 
Pasture 0.589 (6) 0.589 (6) 0.000 (6) 
Grassland 0.560 (1) 0.560 (1) 0.000 (1) 
Shrub Cerrado 0.696 (1) 0.637 (1) 0.159(1) 
Wooded Cerrado 0.657 (1) 0.518(2) 0.364 (1) 
Cerrado Woodland 0.592 (1) 0.509 (3) 0.419 (1) 
Caproeira 0.589 (1)   
Gallery Forest 0.953 (6)  0.926 (6) 
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