
1. Introduction

Net primary productivity (NPP) is an important index in 
the evaluation of the dynamics of carbon cycle in forest 

ecosystems at local, regional and global scales. The pro-
duction of biomass for energy consumption was promoted 
in the 60s, and again in the first decade of this new cen-
tury, to become an important component of energy offer 
in industrial countries. Besides that, nowadays, billions of 
people in developing countries use biomass as main en-
ergy source in rural areas (Bhattacharya 2002; Pimentel 
& Patzek 2005). The quantification of biomass production 
is important for building databases for many calculations 
(carbon sequestration, energy balances for regional plan-
ning, ecological performance evaluation) and discussion of 
energy policy using exergy, emergy and ecological foot-
print assessment. 

Therefore there is a need to develop appropriate tools to 
calculate the NPP value of vegetation covers. Many tech-
niques have been developed to estimate NPP, all of which 
need to face the issue of variability in datasets. The relative 
importance of the resources and environmental conditions 
that limit the net primary productivity (NPP) vary with 
scale and ecosystem. At the global scale, total NPP varies 
for each terrestrial biome. This variation strongly corre-
lates with climate. In ecosystems where moisture is favora-

ble, NPP increases exponentially with temperature; where 
temperature is favorable, NPP increases to a maximum in 
tropical rainforests with moderately high precipitation (up 
to 3 m annual precipitation) and declines at extremely high 
(above 3 m) precipitation, due to anaerobic conditions and/
or depletion of soil minerals by leaching (Schuur 2003). 

The objective of this short communication is to inform 
about the existence of BIOMASv1.0 software, based on 
compilation of existing statistical models, to quantify net 
primary productivity for natural areas in mass, energy, 
emergy and monetary value. 

2. Method

The method used in this research relies on several first-lev-
el mathematical models, all of them published in scientific 
literature. The earliest attempt to evaluate NPP at a global 
scale was made by Lieth and Whittaker (1975), which is 
still quoted today. These estimates were based on regres-
sions of temperature data of a thousand weather stations, 
computed to a simple measure of actual evapotranspiration 
(AET) in millimeters per year per square meter, and then 
correlated with NPP for several ecosystems (Running et al. 
2004). The resulting equation was used to compute and to 
find the first global estimations of NPP in g/m2/yr. Rosen-
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zweig (1968) predicted annual aboveground net primary 
productivity of terrestrial plant communities as a function 
of AET [logNPP = (a(log AET)) + b]. Experimental data 
from Barnes et al. (1998) was used to calculate the con-
stants: a = 1.7165 and b = – 1.8257. Data from Whittaker 
and Likens (1973) was used for marine ecosystems, con-
sidering that 1 gram of dry-mass biomass is equivalent to 
0.5 grams of carbon (Ponce-Hernandez et al. 2004). 

In order to calculate the actual evapotranspira-
tion of all ecosystems, the Turc (1961) model ([AET = 
P / (0.9 + (P2/L2))½]; P = rain precipitation in mm/yr; 
L = 300 + 25T + 0.05T 3, T = annual average temperature 
in ºC) was used, which has temperature and rain precipita-
tion as variables. 

The software BIOMASSv1.0 is limited to ecosystems 
with evapotranspiration rates between 0 and 1600 mm/yr. 
It implements the algorithm shown in Figure 1. The out-
put calculation is described below: NPPENERGY, NPPEMERGY 
(Odum 1996), NPPVALUE (Costanza et al. 1997).

3. Results and discussion

Statistical analysis was carried out in order to validate 
BIOMASSv1.0 (correlation coefficient, R2, and ANOVA) 
between NPP values calculated with the software and 
those reported by the reference being used (Costanza et 
al. 2007). R2 obtained for the proposed method was 0.59. 
This indicates that the values computed by BIOMASSv1.0 
would explain in 59 percent the values found in the refer-
ence. Comparing this R2 value with other NPP prediction 
methods, for example, Zhao and Zhou (2005) (R2 between 
0.55 and 0.92) and Costanza et al. (2007) (R2 between 0.58 
and 0.65), we can say that the prediction level of BIO-
MASSv1.0 is acceptable.

The ANOVA method was applied to determine wheth-
er significant differences exist between the two groups 
(program values and reference data) using a significance 
level of 5 percent. F-calculated = 22.97 is less than 
F-critic = 253.68; this indicates that the null hypothesis 
(no significant differences between reference data and 
 BIOMASSv1.0 results) can be accepted. This conclusion 
is reinforced by p-value = 0.1651 (with p > 0.05), indicat-

Figure 1. Algorithm used to calculate the net primary productivity of natural areas
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ing that the averages of the two groups do not show sig-
nificant differences. 

4. Conclusions

The BIOMASSv1.0 software can be used for two purposes: 
(a) prediction of NPP for an ecosystem – there are only two 
inputs: temperature and precipitation; output is expressed 
per unit of area: mass (g/m2/yr), energy (J/m2/yr), emergy 
(seJ/m2/yr) and monetary value (USD/m2/yr); (b) calcula-
tion of NPP for a region or a country – in this case addi-
tional information about the subsystems’ areas is required; 
output is expressed as flows of mass (g/yr), energy (J/yr), 
emergy (seJ/yr) and monetary value (USD/yr).

NPP values calculated in different units can be used 
in emergy evaluation and ecological footprint assessment. 
These values would be considered as an inflow to calculate 
the local natural resources (emergy analysis) or as a com-
ponent to calculate the equivalence factors (ecological 
footprint). Finally, we want to clarify that BIOMASSv1.0 
software has limitations because until this very moment 
it uses for validation only United States ecosystems data. 
This limitation can be overcome in future works. But, it 
can be used to esteem NPP for similar ecosystems, at na-
tional or regional scale.
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