
BIOMASS & CARBON
< for tree species >

Allometry, stock, stock changes, forest 
inventory, continuous forest inventory, 

uncertainties and other issues 
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INPA – Laboratory of Forest Management
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TWENTY-ONE YEARS 
LATER ....



(35)(35)(35)(341)(341)(349)n

71.822.127.51690.1827.037.2maximum

0.6767.45.25.383.95.0Minimum

FW (kg)height (m)DBH (cm)FW (kg)height (m)DBH (cm)Secondary 23

(30)(30)(30)(252)(252)(252)n

78.720.023.1156227.033.1maximum

0.5237.65.27.544.25.0Minimum

FW (kg)height (m)DBH (cm)FW (kg)height (m)DBH (cm)Secondary 14

(131)(131)(131)(494)(494)(494)n

270934.585.025,63441.4120.0maximum

1.265.95.08.295.65.0Minimum

FW (kg)height (m)DBH (cm)FW (kg)height (m)DBH (cm)Primary forest

Below-ground (coarse roots)Above-ground

DATA SET FOR ALLOMETRY

FW = fresh weight



dead
3%

alive
97%

roots
23%

abg
77%

93%

palms
2%

lianas
2%

seedlings
3%

fine
42%

coarse
58%

BIOMASS OF PRIMARY FOREST

PLOT

ALIVE x DEAD ABG x ROOTS

ROOTS
ABG

trees
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CONTRIBUTION OF EACH TREE PART
IN PRIMARY FOREST - IN %

leaves
3%

flower/fruit
0%

trunk
69%

cbranches
11%

fbranches
17%



10.850.710.730.58Htotal

10.940.950.85DBH

10.990.95FWtotal

10.92FWabg

1FWroots

HtotalDBHFWtotalFWabgFWroots

Obs.: all correlations are highly significant (p < 0.0001) – Bonferroni Test. 

FRESH BIOMASS
CORRELATION MATRIX

%4�/����"- 5�!$- 6��+$ /��+�.�$����#6� � ���/��+$ 7��� � "



41.6 ± 1.7Weighted mean

5.244.50.1159Coarse roots

1.548.90.0306Fine roots

1.659.70.0269Leaves

5.744.90.1278Fine branches

5.140.60.1248Coarse branches

22.538.80.5802Trunk

% weightedwater (%)contributionTree parts

PRIMARY FOREST
WATER CONTENTS ���� 774 samples

In a standing tree weighting 100 kg, 41.6 kg are pu re water



48.5 ± 0.7Weighted mean
1.445.70.0306Fine roots

5.447.00.1159Coarse roots

41.748.50.8598Trunk

weighted (%)C (%)contributionParts

CARBON CONTENTS
256 samples



C  = ( 2.72 DAP 1.88) * 0.584 * 0.485

( r 2 = 0.94 e uncertainty = 3.9% )

Dominant height at ZF-2 site (n = 98) = 28.6 m

The best allometric equations for C total (abg
+ roots) for individual trees in Manaus

C  = ( 0.55 DAP 1.66 H 0.72) * 0.584 * 0.485

( r 2 = 0.95 e uncertainty = 3.7% )



Sampling size

Associated errors (%) of different models used for estimating above-ground 
biomass of different sampling size data sets

6,917,2710,629,8418,02SIMUL. 3  (n = 50)

5,187,218,829,5321,08SIMUL. 2  (n = 100)

3,883,715,475,919,81SIMUL. 1  (n = 200)

3,934,206,597,4810,56ROOTS (n = 131)

2,903,564,848,467,74ZF+TA (n = 621)

2,994,203,844,217,64ZF-2 (n = 494)

model 6model 5model 4model 2model 1Data set

SIMUL. = simmulation

Modelo 1: ln PF = a + b ln D

Modelo 2: ln PF = a + b ln D + c ln HT

Modelo 4: ln PF = a + b ln D 2HT

Modelo 5: PF = a D b

Modelo 6: PF = a D b HT c

where: 

PF = fresh weight in kg; 
D = DBH in cm; 
HT = total height in m;
a, b and c = regression coefficients.



147,65310,061761,595,52,3CI 95%

226,00474,592696,378,43,6deviation

383,46805,269.600,003013Mean

3.451,107.247,3286.400,00270118total

304,76640,007.680,0024129

979,592.057,1414.400,004578

257,88541,547.040,0022137

290,91610,916.720,0021116

332,47698,187.680,0024115

351,65738,469.600,0030134

358,54752,9412.800,0040173

280,70589,4711.200,0035192

294,60618,679.280,0029151

tree (US$)tree (R$)quadrate (R$)daysnquadrate

COSTS FOR

RUNNING COSTS OF DATA COLLECTION: 
ABOVE- AND BELOW-GROUND BIOMASS

Quadrate of 100 m 2



u n

mm

mu m n

Temporary plots in each  
occasion

Permanent plots on 
succeeding occasions

Successive sampling 
with partial replacement

CFI - CONTINUOUS FOREST INVENTORY

1st occasion 2nd occasion  . . . . . . . . . . . .n th occasions

Source: Husch, Miller and Beers (1972)
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Flow-in(t)

Flow-out(t)

S(t)

t

0

CHANGES IN CARBON STOCKS

S(t) = S(t 0) + ���� [ F in(t) – Fout (t) ] dt

recruitment

mortality
increment



PLOT SIZE FOR CFI

DBH � 10 cm => 20 x 125 m

2,500 m2

CFI INSTALLATION COST

R$ 337,91 ±±±± 72,02

FIELD CREW PRODUCTIVITY

8 PERMANENT PLOTS PER DAY



TIPS FOR CFI IMPLEMENTATION:

� Plot size => 20 x 125 m => 2,500 m 2

� Field crew: 2 foresters, 2 mateiros, 3 guys 
for trails, 3 extra guys (painting, cleaning), 1 
botanist + 1 helper

� Running costs to install one permanent 
plot => R$ 337.91 ±±±± 72.02

� Crew productivity: 8 psp per day



780430338559209Total

108108723620 x 1252007Resex Auati-Paraná

8383-83-20 x 1252006Resex Baixo Juruá

100100-100-20 x 1252005Maués

1515--15100 x 1002005Embrapa – BR174

2046198204-20 x 1252005Itacoatiara (MIL)

84-84-8420 x 1252004Lábrea

644816362820 x 1252004Jutaí

723228322820 x 1252004Fonte Boa (ZFV)

3232-32-20 x 1252004Manacapuru

111300 x 6002000Manaus (Carrapatão)

22220 x 25001996Manaus (Transectos) 

1531215100 x 1001980Manaus (Bionte)

TotalANMAMTPPPsizeyearSites

Sampled area = 244.75 ha
PP = permanent plot; TP = temporary plot; AM = mana ged; ANM = non managed

DATA COLLECTION EFFORT - CHICHUÁ



4.3 ± 1160 ± 13Mean e CI (95%)

3.1139.6446.251852005MIL Madeireira

5.6114.6821.75872005Lábrea ST-Manejo Florestal

6.8198.073.0032007T0 Bionte (ZF-2. Manaus)

3.9152.608.00322004Manacapuru

3.7178.8315.00602004Trombetas (Pará)

5.1157.4660.001201982UHE Balbina

3.8184.5126.751072007Resex Auti-Paraná

7.6135.2725.001002005FE Maués

3.4164.0116.00642004Jutaí

3.6167.5718.00722004Fonte Boa 

1.8177.3915.00152005Rio P. da Eva (Embrapa)

2.9161.2820.75832006Resex Baixo Juruá

unc. (%)C tot (t)su (ha)su (n)yearSites

n = 928 ���� sampled area = 275.5 ha ���� su = sample units ���� unc. = uncertainty

Vegetation C total (abg + roots) stocks of 
selected sites in Amazonas in t ha -1
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FRA 2005 BIOMASS CATEGORIES 

Above-ground biomass: All living biomass above the soil 
including stem, stump, branches, bark, seeds, and fol iage.

Below-ground biomass: All living biomass of live roots.  
Fine roots of less than 2mm diameter are excluded bec ause these 
often cannot be distinguished empirically from soil organic matter or 
litter. 

Dead wood biomass: All non-living woody biomass not 
contained in the litter, either standing, lying on th e ground, or in the 
soil. Dead wood includes wood lying on the surface, dead roots, and 
stumps larger than or equal to 10 cm in diameter or any other 
diameter used by the country.



Uncertainty
Standard deviation of the mean s x = s / � n

CI 95% => limits are approximately 2 s x = normal 
distribution

CI (95%) = x ± 2 s x

In summary => CI is the uncertainty in the 
estimate of the standard deviation.

Uncertainty in percentage = ( 2 s x / x ) * 100 

Source: http://www.ipcc-nggip.iges.or.jp/public/gp/english/ - Annex 1


