


not suitable for records of tree diameter, status or death 
modes, information which is key to the RAINFOR re-
search agenda. VEGBANK and TURBOVEG are more 
suitable for describing plant communities rather than 
recording individual trees.



The database structure

 The database consists of 13 linked tables (Fig. 1). 
The PersonnelData table is linked to most other tables. It 
contains the name and contact details, where appropriate, 
of the people involved in each step from the fieldwork, 
collection of samples, identification, providing environ-
mental data, and data management in the UK.
 The Plot table corresponds to each permanent sample 
plot in the field, each with a unique identification code. 
This table is designed so that data from different groups of 
plots such as, from a specified country or above a certain 
altitude, can be easily extracted. It also contains plot-
level information, including plot size, substrate geology, 
and the dates of plot establishment and the most recent 
census, as well as the forest type, such as terra firme, 
seasonally flooded or swamp forest and the size of the 
fragment of forest where it is located, if appropriate.
 In addition to the PersonnelData table, the Plot table 
is linked directly to two environmental tables. One con-
tains information on the soil (LocalSoil) at each plot if 

available and the other on the climatic (LocalClimate) 
data at each plot. The Plot table is also linked to the 
Tree table. Each tree in a plot is given an identification 
number, which, together with the plot identification code 
uniquely identifies each tree in the database. This table 
contains tree-level information including the codes for 
family, genus and species names for each tree and where 
the determination was carried out (in the field, in the 
herbarium or in the field and confirmed in the herbarium). 
Family, genus and species have all been coded and are 
contained in separate tables. Currently, in total there are 
> 2500 identified species in >100 families.
 The TreeNo table contains all the original field num-
bers and subplots and makes comparison of field record 
sheets and the database efficient. This is important for 
correcting potential errors in the dataset. 
 The final table linked to the tree table is the TreeCen-
sus table. The TreeCensus table has three primary keys 
– plot ID, tree ID and census number – which when used 
together identify a particular tree in a specific census. 
The tree census table contains the measured diameter 

Fig. 1.  Schema of the relations between the tables of the RAINFOR database, with a list of their respective fields.  Primary keys 
are underlined, items in bold are required.  Solid lines represent links between primary keys. The relationships between TreeNo and 
Tree, Plot and LocalSoil, and Plot and LocalClimate are one to one. All other relationships are one to many. The type of relationship 
is shown by the symbols:  = many and  = one.



of each tree and the above-ground height at which it 
was measured, termed the point of measurement, POM. 
POMs sometimes have to be moved, as buttresses can 
develop on a stem and expand over time in many tropical 
trees. Hence, the database includes fields that standardise 
the diameter measurement to both the initial and the 
new POM (from the ratio of diameters at both POMs), 
which allows maximum flexibility in how the data can 
be subsequently analysed. Records where POM changes 
have occurred can be removed or utilised using a variety 
of methods to account for POM changes, for example, to 
remove spurious negative growth rates from individual 
stems when POMs have been changed, by utilising the 
field where growth is standardised to the initial or new 
POM. The tree status field codes for the state of the 
tree while it is alive. For example, these codes describe 
whether the tree is leaning or broken. Overall, there are 21 
such codes which can be used in combination to describe 
a tree. The tree death field describes four aspects of tree 
death; how (e.g. broken trunk, or uprooted; whether it 
died alone or with other trees; whether it was the ̒ killed  ̓
or the ̒ killer tree  ̓in a mortality event; and the most likely 
cause of death (e.g. disease, lightning strike). 

Data entry and quality assurance

 Data can be added in two ways: firstly bulk data from 
spreadsheets can be imported into the database. Secondly, 
forms have been designed which are useful for adding 
small amounts of data, or updating previously entered 
records. Both methods of data entry are simple and very 
little training is required to perform these tasks. Separate 
forms are used for updating tree (Fig. 2A) and plot data 
(Fig. 2B). Updating tree data is occasionally necessary, 
for example in cases where a tree is presumed dead during 
one census having not been found but is re-discovered 
in the next census. 
 In addition to in-field and data-entry quality control 
procedures, two database quality-control procedures 
further minimise the potential for errors to enter the 
data. Firstly, controls are set in each field (column) of 
every table so illegal data can not be entered (e.g. text in 
a numbers field, numbers outside a credible range, non-
standard species names). Secondly after entering data 
several queries are run to check for errors. For example 
we calculate the total number of alive stems in a census, 
the number of stems that died and were recruited between 
census dates, the number of alive stems in the new census, 
and check that there is an internally consistent number 
of stems (Table 1).

Table 1.  Output of the standard query to check for errors in 
census data.  A = number of trees alive in previous census; B = 
trees died by new census; C = trees recruited by new census; D 
= number of trees alive in new census; check, D = A–B+C, can 
return true or false, if false there is a mistake in the data.   

QryCheckingStemCounts

Plot ID A  B  C  D  Check

CUZ-01 533 67 59 525 True
CUZ-02 539 56 75 558 True
CUZ-03 495 48 50 497 True
CUZ-04 599 91 83 591 True

Data extraction

 Data can be extracted by one of two methods: firstly, 
using standard queries that have been pre-programmed, 
some static and some allowing user defined parameters, 
or secondly by user programmed queries. The first method 
requires little or no prior knowledge of the database struc-
ture, while the second requires greater understanding of the 
database but allows greater flexibility in the specific data 
extracted. Each pre-programmed query is accompanied 
by notes explaining the exact nature of the data that they 
extract. Extracted data can be imported into a spreadsheet 
or statistical package.
 An example of a standard query with user defined 
parameters is one to calculate above ground biomass 
(AGB) per plot based on three different equations, the 
output from this query is shown in Table 2. The user can 
define which plots they wish to be included in the query 
and which census number or census date. The results 
from the query shown here cover the first census of each 
plot (Table 2 and Fig. 3). The calculation of biomass per 
plot is important when trying to quantify changes over 
time in carbon storage of forests, which is important for 
understanding potential impacts on global climate change 
(Prentice et al. 2001). This query calculates biomass 
using three different allometric equations. Equations 
1 and 2 are based on the same tree harvest data (315 
trees, harvested as part of the BIONTE project, near 
Manaus, Brazil); Eq. 1 calculates AGB on a per stand 
basis (Phillips et al. 1998), Eq. 2 calculates AGB on a 
per stem basis (Chambers et al. 2001). Eq. 3 was derived 
from an independent set of tree diameter and mass data 
of 378 trees (Chave et al. 2001). The equations used in 
the query are:

AGB = 0.6*(66.92+(16.85*BA)  (1)  
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Fig. 2. Form for entering and updating. 
A. tree data. B. Plot data, within the 
RAINFOR database.
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Where BA = basal area, calculated as   π Di 2 2( )

Di is the diameter of a tree i and n is the number of trees 
per plot.
 Three equations are used because, although equa-
tions that calculated AGB on a per stem basis are often 
presumed to be more accurate than stand-level basal area, 
sometimes the only published data is at stand-level, so 
it is useful to be able to derive biomass from stand level 
data. 
 Although the three equations give biomass estimates 
that are strongly correlated (r2 varies from 0.854 for Eqs. 
2 and 3, to 0.950 for Eqs. 1 and 2) there are differences 
in the estimated values (Fig. 3). For each possible set of 
two equations, biomass estimates were linearly regressed. 
The estimated slopes were tested to determine whether 
they significantly differed from one and the intercepts 

Table 2. A sample of the output of a standard query that calcu-
lates biomass per plot (full output included 112 plots).  Biomass 
estimates are in units of Mg.ha–1.

QryComparingBiomassEquations (census one)

 PlotCode Eq1 Eq2 Eq3

 ACL-01 288.21 352.62 324.30
 AGJ-01 342.26 354.07 233.13
 ALM-01 160.83 181.65 148.14
 ALP-11 289.22 324.89 295.42
 ALP-12 252.29 291.77 283.71
 ALP-21 269.51 306.78 299.44
 ALP-22 252.65 279.40 241.07
 ALP-30 227.87 264.11 260.67
 BDF-03 288.47 332.00 338.72
 BDF-04 276.15 307.96 332.33
 BDF-05 251.97 280.38 298.02
 BDF-06 255.65 285.44 299.49
 BDF-07 290.14 334.58 366.99
 BDF-08 282.92 325.53 337.30
 BDF-09 303.53 356.91 389.15

(3)



Fig. 3. The relationship between estimates of AGB calculated 
per stem and per plot. Dotted lines show a one to one relation-
ship, through the origin. A. Results from Eq. 1 vs. Eq. 2. B. 
Results from eq. 1 vs. Eq. 3. C. Results from Eq. 2 vs. Eq. 3.

Table 3.  t-distribution values and probabilities of significant 
differences, calculated following (Sachs 1984).  * = P ≤ 0.02, 
** = P ≤ 0.001; df = 110.

Equation pairs Intercept different Slope different 
  from 0 from 1

1 v 2 t = 4.16 ** t = 10.73 **
1 v 3 t = 10.38 ** t = 1.78
2 v 3 t = 6.52 ** t = 2.43 *

tested to determine if they were significantly different 
from zero (Sachs 1984) (Table 3).
 Although the slope from the comparison of equa-
tions 1 and 3 does not depart significantly from one, 
the intercept is significantly different from zero (Table 
3). This shows that the AGB estimates produced by the 
two equations are different by a constant value, with Eq. 
3 providing lower estimates than Eq. 1 (Fig. 3B). The 
slopes produced from the comparison of Eqs. 1 and 2, 
and Eqs. 2 and 3 were significantly different from Eq. 
1 (Table 3). This shows that the difference in output 
of these equations changes as biomass values change 
and not by an absolute value (Fig. 3A, C). Given these 
inconsistencies between the different models, including 
the three equations in the database allows users to assess 
the sensitivity of their conclusions concerning patterns 
of biomass and biomass change to uncertainty in the 
underlying allometric relationship (Chave et al. 2004).

Discussion and Conclusion

 In developing the RAINFOR database it has been 
necessary to tackle several practical issues concerning 
the organisation of heterogeneous data: the plots contain 
tree records from two to 25 censuses, vary from 0.2 ha to 
10 ha in size, and include multiple census dates from as 
early as the 1960s to 2006, over which time individual 
trees may be recruited, grow, have their point of meas-
urement moved, and die. In addition, we need to track 
dynamic and changing nomenclature attributes, as well 
as harmonise the floristic data to common standards. 
 The RAINFOR database is a product of the large 
collaborative efforts of researchers working across 
Amazonia and beyond. It is intended to permit efficient 
and accurate storage of inventory data to provide infor-
mation to these researchers to address questions about 
the structure and functioning of Amazonian forests. 
Developing collaborative networks of researchers is 
an increasingly important theme of research in tropical 
forests (e.g. Corlett & Primack 2006). The spatially dis-
tributed network of many long-term monitoring sites that 
RAINFOR maintains has led to insights into the changing 



ecology of tropical forests (Baker et al. 2004a; Lewis et 
al. 2004; Phillips et al. 2004). The Centre for Tropical 
Forest Science (CTFS) large-scale plot network has led 
to fundamental insights into the processes maintaining 
tropical forest diversity (Losos & Leigh 2004), and 
the Amazon Tree Diversity Network (http://www.bio.
uu.nl/~herba/Guyana/Amazon_plot_network/Introduc-
tion.htm; ter Steege et al. 2003) has drawn together data 
from several hundred single census plots to improve out 
understanding of patterns of diversity and composition 
of Amazonian forests. Development of the RAINFOR 
database is indeed itself indebted to the existence of the 
TROPICOS database at the Missouri Botanical Garden 
(http://mobot.mobot.org/W3T/Search/vast.html), the 
SALVIAS project (http://www.salvias. net/pages/index.
html) and the CTFS Neotropical Tree Species Check-
list (http://ctfs.si.edu/neotropicaltree/), themselves all 
products of major research collaborations. By uniquely 
drawing together numerous long-term inventory data 
from a wide geographical area, including plots in a 
wide range of habitats, and some of the longest running 
monitoring sites in Amazonia, the RAINFOR database 
will enable further collaborative research and provide an 
novel resource for addressing pressing questions about 
the current and future ecology of tropical forests in a 
rapidly changing world (Lewis 2006).
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