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The ProblemThe Problem
Forest Degradation and exhaustion of 

k f h M h (S i istocks of the Mahogany (Swietenia 
macrophylla)

The causes
• 85 years of disordered extractive activity
• Lack of a strategy of sustainability for the species• Lack of a strategy of sustainability for the species
• Destruction of the habitat caused by land use 

conversion to agricultural and cattle uses



Project AntecedentsProject Antecedents
• Twelfth meeting of the Conference of the PartiesTwelfth meeting of the Conference of the Parties 

(Santiago, 2002): Mahogany on Appendix II
• November 15th, 2003,
• Pucallpa´s meeting on June 2004
• Fortification of Administrative and ScientificFortification of Administrative and Scientific 

Authorities Project (2005)



ObjectivesObjectives

(Proy Caoba) _01_Objetivos.ppt



In order to contribute to the design and 
instrumentation of national policiesinstrumentation of national policies 

effective in reverting the tendencies that 
affect to Swietenia macrophyllaaffect to Swietenia macrophylla...

The Project’s The Project’s 
General General 

ObjectiveObjectiveObjective Objective 
PROVIDE ACTUAL AND 
RELIABLE INFORMATION 
ABOUT EXISTING 
POPULATIONS



General Objective
Provide
actual and reliable actual and reliable 
information about  information about  
existing populationsexisting populations

... appropriate for achievement of...

Possibilities of annual quota
Strategy for the recovery and sustainable 
utilization of the species



Specific Objectives

PROJECT’SPROJECT’SPROJECT’S PROJECT’S 
SPECIFIC SPECIFIC 

OBJECTIVESOBJECTIVESOBJECTIVESOBJECTIVES
Obj.1 Mahogany Natural distribution Map

Obj.2 Forest Survey

Obj.3 National strategy of conservation 
proposal



Specific Objective 1

Mahogany Natural distribution Map

... with information about ...

–– Density of treesDensity of trees
–– Capacity of productionCapacity of productionp y pp y p
–– Zones with greater impactZones with greater impact
–– Risks of loss of populationsRisks of loss of populationsRisks of loss of populationsRisks of loss of populations



Specific Objective 2
Forest survey

... With work about ...

–– Characterization plotsCharacterization plots
–– Revision of evaluation reportsRevision of evaluation reportspp
–– Qualitative and quantitative informationQualitative and quantitative information



Specific Objective 3

National strategy of conservation proposal

based on... based on ...

–– Sustainable forest managementSustainable forest managementgg
–– Low impact loggingLow impact logging
–– Silvicultural systemsSilvicultural systemsSilvicultural systemsSilvicultural systems



PlanningPlanning
Programmed g

activities

Planning

Programming

(Proy Caoba) _02_Planificacion.ppt



Planning



Programmed activities - 0g



Programmed activities - 1g

1.1. Revision and compilation of 
informationinformation

1.2. Distribution map
1 3 Development of a dynamic 1.3. Development of a dynamic 

GIS



Programmed activities - 2g

2 1 Design  execution and processing2.1. Design, execution and processing
2.2. Characterization of populations



Programmed activities - 3g

3.1. Results diffusion Meetings

3.2. Proposal of action and 
strategy plan



Programmingg g
18 

months



OrganizationOrganization

(Proy Caoba) _03_Organizacion.ppt



OrganizationOrganization



Directive Committee
Formed by
• ITTOITTO
• UNALM /FCF
• WWF
• INRENA
• CNF

Functions
It orients the ProjectIt orients the Project
It recei es periodic report of ad anceIt recei es periodic report of ad anceIt receives periodic report of advanceIt receives periodic report of advance
It approves readjustments of the It approves readjustments of the 
programmingprogrammingprogrammingprogramming



Consultative Technical Committee -1



Consultative Technical Committee -2
Functions

It offers technical direction
It receives periodic report of the advance
Sociabiliza los resultados
It offers feedback

F d bFormed by
• ADEX (Exporter association)
• AIDESEP (Interetnica Association de Peruvian ForestAIDESEP (Interetnica Association de Peruvian Forest 

Development)
• Proterra Association
• Cancillería - General Directory of Environment



Consultative Technical Committee -3
Formed by (cont.)
• CI (Conservación Internacional)CI (Conservación Internacional)
• CIP - Capítulos de Ing. Forestales de Lima y Ucayali
• CONAM (Comisión Nacional del Medio Ambiente)( )
• CONCYTEC (Comisión Nac. de Ciencia y Tecnología)
• IIAP (Instituto de Investigación de la Amazonia Peruana)
• INIAE (Instituto Nac.de Investigac.Agraria y Extensión)
• OSINFOR (Org.Superv.de Rec. Forestales Maderables)

SPDA (Sociedad Per ana de Derecho Ambiental)• SPDA (Sociedad Peruana de Derecho Ambiental)
• UNAP (Universidad Nacional de la Amazonia Peruana)
• UNU (Universidad Nacional de Ucayali)UNU (Universidad Nacional de Ucayali)



•• Directive and Consultative ComitiesDirective and Consultative ComitiesDirective and Consultative Comities Directive and Consultative Comities 
celebrated date:celebrated date:

•• CD: 29/12/05 17/08/06 y 14/12/06CD: 29/12/05 17/08/06 y 14/12/06•• CD: 29/12/05, 17/08/06 y 14/12/06CD: 29/12/05, 17/08/06 y 14/12/06
•• CC: 11/08/06 y 28/02/07CC: 11/08/06 y 28/02/07



Technical StaffTechnical Staff

Ignacio Lombardi Coordinator
Victor Barrena Evaluation, inventories and imagery
Carlos Vargas Information systems

E l ti f f t  Patricia Huerta Evaluation of forestry resources
Carlos Garnica Cartography and imagery
J C l O I t iJuan Carlos Ocaña Inventories
Américo Gamarra Data base



MethodologyMethodology

Inventories revision, compilation
d i

METHODOLOGY

and mapping

Development of a dynamic GISDevelopment of a dynamic GIS

Characterization of mahogany forestg y

Study of shape and volume of trees
(Proy Caoba) _04_Metodologia.ppt



Inventories revision, compilation and , p
mapping

1 Forestry inventories identification and capture1. Forestry inventories identification and capture



Inventories revision, compilation and

2 Inventory studies enumeration

Inventories revision, compilation and 
mapping

2. Inventory studies enumeration



Inventories revision, compilation andInventories revision, compilation and 
mapping

3 Inventory studies georeferencing3. Inventory studies georeferencing



Inventories revision, compilation andInventories revision, compilation and 
mapping

4 Inventory studies mapping4. Inventory studies mapping



Inventories revision compilation andInventories revision, compilation and 
mapping

5. Tree location georeferencing

•Revision of census of POAs provided by INRENAp y
•Search of available herbariums’ data bases
•Consultations to trustworthy people
•Previous forest inventories (ONERN DMF MINAG•Previous forest inventories (ONERN, DMF, MINAG, 
INRENA, etc.)
•Specific documents of mahogany evaluation



Development of a dynamic GISDevelopment of a dynamic GIS



Development of a dynamic GISDevelopment of a dynamic GIS

1. Study area



Development of a dynamic GISDevelopment of a dynamic GIS

2. Digital spatial data

Base Cartography:
IGN: National chart, 2000 (1/100000)
• Hydrography

INRENA/Cifor:
• BPP
• Forest concessions

F t T f BPP• Contours
• Roads
• Towns

• Forest Types of BPP
• ATFFS
• Main concessions Forest
• Peruvian Forest Map 1995

INEI: Administrative boundaries, 2003
MinEdu: Village and Towns, 2006
MinTC: Roads, 2005

INRENA/Intdc.ANPs: SINANPE
Inst. del Bien Común: Natives 

communities
INRENA/Intdc Rec Hídr : Basin

Thematic CartographyThematic Cartography:
UNALM/CDC: 
• Biogeographics Provinces

INRENA/Intdc.Rec.Hídr.: Basin.
UNALM/FCF: Preliminary Mahogany 

density Map
INRENA-CONAM: Peruvian Amazon 

• Peru Ecoregions deforestation Map 2000



Development of a dynamic GISDevelopment of a dynamic GIS

3. Digital attribute data

POA : 2002 – 2006
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ió d
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( f b

Número 
de POAs
recopila-
dos con 
C b

Número 
de Conce-
siones
recopila-

Núm. 
de 
Conce-
siones

Núm. 
total de 
Conce-
i

Departa-
mento

% Avance 
en ingreso 
estandari-

ió d

% Avance 
en ingreso 
de datos
( f b

Número 
de POAs
recopila-
dos con 
C b

Número 
de Conce-
siones
recopila-

Núm. 
de 
Conce-
siones

Núm. 
total de 
Conce-
i

Departa-
mento
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10010032320248Loreto

0382612234San Martín

100100957724177Ucayali

10010032320248Loreto

0382612234San Martín

100100957724177Ucayali



Development of a dynamic GISDevelopment of a dynamic GIS

4. Standardization of census data: tables



Development of a dynamic GIS

5. Standardization of census data: metadata

p y



Development of a dynamic GISDevelopment of a dynamic GIS

6. Analysis and organization of data
tbPCA
nroPCA
codorganizacion (FK)
nroResolucionPOA (FK)

superficie
fuente

TbOrganizacion
codorganizacion

nomorganizacion
codtipo_organizacion (FK)
nrocontrato
TituloPropiedad
anioPGM

tbtipo_organizacion
codtipo_organizacion

nomtipo_organizacion

TbPCA_vertices
nroPCA (FK)
codorganizacion (FK)
nroResolucionPOA (FK)
codvertice

x_vertice
y_vertice

tbPOA
codorganizacion (FK)
nroResolucionPOA

aniooperacion
ingforestal
nropermiso

observaciones
fecha_operacion

anioPGM
replegal
ubigeo
anioconcurso
nroconcurso
nroresolucion
respDigitar

tbGuiaTransporte
nroPCA (FK)
codorganizacion (FK)
nroResolucionPOA (FK)
nroGUIA

tbCensoForestal
codarbolPOATbespeciearbol

nroGUIA

vol_transportado
fechaGuia
codespecie (FK)

TbVolumen_autorizado
nroPCA (FK)
codorganizacion (FK)
nroResolucionPOA (FK)

codespecie (FK)
vol CorteAutorizado

nroPCA (FK)
codorganizacion (FK)
nroResolucionPOA (FK)

faja
DAP_gabinete
HC
X_gabinete

p
codespecie

nomcomun
nomcientifico Tbcondicionarbol

codcondicionarbol

desccondicionarbol

Tbespeciearbol
codespecie

nomcomun
nomcientifico

_

Y_gabinete
Sistcoordenadas
codcondicionarbol (FK)
codespecie (FK)



Development of a dynamic GISDevelopment of a dynamic GIS

7. Role analysis and architectural design

Windows 2000 SP4 / XP SP1

Consulta Tabular 
Internet Explorer 6 o Superior 
Ingreso al SIF Alfanumerico con privilegios de consulta
Actor(es): A1, A2, A3, A4, A5, A6, A8

Windows 2000 SP4 / XP SP1

Actualización Tabular 
Internet Explorer 6 o Superior
Ingreso al SIF Alfanumerico con privilegios de consulta y actualización
A t ( ) A1 A2 A3 A4 A5 A6

Windows 2000 SP4 / XP SP1

Administrador de Información Tabular 
Internet Explorer 6 o Superior (acceso a Sistema 
Ingreso al SIF Alfanumerico con privilegios de consulta, actualización, 
validación y administración
SQL Server Cliente
Actor(es):A8

SISTEMA DE INFORMACION FORESTAL

ARQUITECTURA PROPUESTA

Consulta de Documentos
Acceso con privilegios de Lectura al Servidor de Archivos
Actor(es): A1, A2, A3, A4, A5, A6, A8

Consulta Cartográfica
ArcReader
Opcional:  ArcView 9.x y SIG de Consulta (ArcObjects y VB .NET)

Actor(es): A1, A2, A3, A4, A5, A6, A8

Actor(es): A1, A2, A3, A4, A5, A6

Actualización de Documentos
Acceso con privilegios de Lectura / Modificación al Servidor de Archivos
Actor(es): A1, A2, A3, A4, A5

Actualización de Información Cartográfica
Windows 2000 / XP
ArcInfo 9.x  y SIG de Consulta (ArcObjects y VB .NET)
Actor(es): A1, A2, A3, A4, A5

Actor(es): A8

Administrador de Información Documentaria
Acceso con privilegios de Administrador al equipo Servidor de Archivos
Actor(es): A8

Administrador de Información Cartográfica
Windows 2000 / XP
ArcInfo 9.x  y SIG de Consulta (ArcObjects y VB .NET)
ArcSDE Cliente
Actor(es): A8

Cliente AdministradorCliente de Actualización Cliente de Consulta

Windows XP
MS SQL Server Express 2005
ArcSDE 9.x

Internet Information Server 5.1
+
Sistema de Información Forestal 
(Consulta, Actualización y Reportes de 
InformaciónAlfanumérica)

Windows XP

Servidor de Archivos
Servidor de Base de Datos Espacial y Tabular

Información Alfanumérica)



Characterization of mahogany forestg y



Characterization of mahogany forest
1. Characterization brigade – Crew and equipment

Characterization of mahogany forest

Brigada de caracterización de población 
de caoba (7):

1 Jefe de Brigadag
1 Asistente
1 Matero-trochero

Medidor de 
despesor de 

corteza

Forcípula

Wincha
GPS y Antena GPS Brújula Wincha



Characterization of mahogany forest

2. Characterization-plots by forest types (TB)

g y



Characterization of mahogany forest
3. Characterization-plots (PCs): criteria

F   (F )  h '   F   (F )  h '   Forest types (FT) containing mahogany's trees Forest types (FT) containing mahogany's trees 
Number of registered mahogany's treesNumber of registered mahogany's trees
Differentiated density areas (according to POADifferentiated density areas (according to POA´́s  s  Differentiated density areas (according to POADifferentiated density areas (according to POA s  s  
data and the Proj. “Fortalecimiento de las Autoridades data and the Proj. “Fortalecimiento de las Autoridades 
Administrativa y Científica de CITES Perú” reportAdministrativa y Científica de CITES Perú” report
CP by pairs in every selected location (1 standing tree CP by pairs in every selected location (1 standing tree 
and 1 stump)and 1 stump)
AccessibilityAccessibilityAccessibilityAccessibility
Permission to enter to the characterization area Permission to enter to the characterization area 
granted by the concession holder or the native granted by the concession holder or the native g yg y
community.community.



Characterization of mahogany forest

4. Number of Characterization-plots (CP) needed

Characterization of mahogany forest

4368.42
150

96.15.05.0
2

2

2

2

→=
××

==
E

pqZn

Where: 
n minimal number of CP

b b l  f    h  CP

15.0E

p probability of regeneration occurrence in the CP
q probability of regeneration non-occurrence in the CP
E sampling error (maximum allowed percentage to move away 

A  dditi l 10% it  i  i  id d  Th  i   

of the real percentage)
Z tabular value of Z for a confidence level 1-α = 0.95

An additional 10% security margin is considered. Then, in a 
practical approach, as we must keep CP by pairs, n = 50



Characterization of mahogany forest

5. Distribution of CPs by forest types in MDD

Characterization of mahogany forest



Characterization of mahogany forest
6. Location of distributed CPs in MDD - planned

Characterization of mahogany forest



Characterization of mahogany forest

8. Shape and dimensions of the CP elements

Characterization of mahogany forest

DD (2m)
C (10m)C (10m)Árbol o 

B(20 m)

D D (2m)
A (80 m)

tocón de

( )



Characterization of mahogany forest
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Characterization of mahogany forest

10. Auxiliary Plots “X” 

Characterization of mahogany forest

m
Inspection in a 200 m
radius from the 

t f th l t “A”

20
0 

m

center of the plot “A” 
to check possible  
mahogany’s natural 
regeneration

AA
regeneration.
The directions 
towards which 
natural regenerationnatural regeneration 
occurs demands 
plots “X”, distanced 
40 m to each other, ,
as far as 200 m.



Characterization of mahogany forest
11. Auxiliary Plots “Y” 

Characterization of mahogany forest

If a forest opening exists inside  
Plot “A”, caused by the fall of 
the central mahogany tree, 
h i i d h dithen it is measured the diame-

ter of the stump, the perimetric 
circumference which surrounds 
the buttress the direction ofthe buttress, the direction of 
the clear inside and outside the 
plot. 
Also it is identified the affected

• The damage produced on the surrounding vegetation is

Also, it is identified the affected 
Y- Plots (equivalent to B plots) 
inside and outside plot A. 

• The damage produced on the surrounding vegetation is 
evaluated and how well is the recovering process.



Characterization of mahogany forest
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Characterization of mahogany forest

13. Vegetation analysis 
a. Complexity Index

IC = 10 -3 hbds
h : medium height of the forest in meters
b : basal area in m2 / (plot)
d : number of trees /(plot)d : number of trees /(plot)
s : number of species (plot)

b. Sorensen’s index of Community
  #  i  t  l  1 d 2CC = 2a      .      

2a + b + c   
a : # common species to samples 1 and 2
b : # species only of the sample 1
c : # species only of the sample 1

c. Simplified Importance of Value Index (IVI s)

IVIs = Abun rel + Dom rel Abun rel : Relative abundance
Dom rel  : Relative dominanceIVIs = Abun rel + Dom rel Dom rel  : Relative dominance



Study of shape and volume of treesStudy of shape and volume of trees



Study of shape and volume of treesStudy of shape and volume of trees

1. Volume & Shape Brigade – Crew and equipment

Brigada de caracterización de forma y volumen (1):
1 Jefe de Brigada
2 Asistentes
1 Matero-trochero Medidor de 

espesor de 
corteza

Bitterlich

Compass

Bitterlich 
Relascope

GPS and  Antenna

Barreno de 
Pressler

Forcípula

Wincha



Study of shape and volume of trees
1. Tree measurement with Bitterlich 

Relascope

y p

Relascope

According to the height 
of Fuste of the tree :

Punto de copa

hf ≤ 12 m:
Diameters are measured 

1 t i Punto de copaevery 1 meter using  
relascope.

hf >12 m:
Altura de fuste (hf)Altura de fuste (hf)

Dap

Dbh No 1 

hf >12 m:
Diameters are 
measured every 2 meter 
using relascope Dbh No.1 

mensuration Dbh No.2 
mensuration

using relascope.



Study of shape and volume of trees

2. Determination of the form factor
(FF)

y p

(FF)

FF=Actual Vol / Vol of cylinder

Punto de copa
Actual Vol = ∑ Vol of sections

Vol of cylinder = pi X Dap²/4 X hf

Punto de copa
Vol of section k = Longk x (Ak + ak) / 2     (*)

kLong
ak

hf

Dap
(*) Smallian formula, where:

Longk : trunk length 
Ak : area of the major section

kLongk Ak

Ak : area of the major section
ak : area of the minor section 

of the k log



ResultsResults
RESULTSRESULTS

Information & dissemination

RESULTSRESULTS

Map of forest distribution

Forests characterizationForests characterization

Shape and volume of trees

Human impact

Conservation strategy



Information & disseminationInformation & dissemination



Information & disseminationInformation & dissemination

1. Forest concessions data entry

% Avance 
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Information & disseminationInformation & dissemination

2. Mahogany trees in forest concessions - MDD



Information & disseminationInformation & dissemination

3. Mahogany trees in forest concessions - UCA



Information & disseminationInformation & dissemination
sh

ip
el

at
io

ns
en

tit
y-

re
ag

ra
m

 e
4.

 D
ia

g



Information & disseminationInformation & dissemination

5. Communicating and spreading knowledge



Forest distribution mapForest distribution map

1. Information processing



Forest distribution mapForest distribution map

2. Preliminary base - climatic Probabilities

OriginOrigin Cant.puntos X YCant.puntos X Y
-- POAs checkingPOAs checking 228228
-- DBs of herbariumsDBs of herbariums 151151
-- Personal Communication Personal Communication 99
-- Forest inventoriesForest inventories 99
-- WWF documentsWWF documents 9292

((total =total = 489)489)((total  = total  = 489)489)

••Grid climática Grid climática x 36 datos:x 36 datos: 18 km18 km²²
••Normalización de histogramas + Normalización de histogramas + ••Normalización de histogramas + Normalización de histogramas + 
Componentes principales + Componentes principales + 
Ponderación de variablesPonderación de variables

••Cluster dendrogramaCluster dendrograma--WardWard
••Transformación vector Transformación vector rasterraster



Forest distribution mapForest distribution map

3. Estimate of natural density

••Study area: Amazonia <1200Study area: Amazonia <1200 msnmmsnm
••Cells Cells ¼ min. (¼ min. (±465m or 21.53 ha)465m or 21.53 ha)
••Adjustment of probability: pantanoAdjustment of probability: pantano ==0.20.2Adjustment of probability: pantano  Adjustment of probability: pantano  0.20.2

river/lake river/lake =0.0=0.0
••ProbabilityProbability Density Density -- Conversion (*)Conversion (*)

(*) Densidad=0.00014e(*) Densidad=0.00014e5.7728



Forest distribution mapForest distribution map

4. Estimate of present density
•• Adjustment of probability by vegetal Adjustment of probability by vegetal 
cover change and human risk cover change and human risk 

••Conversion Probability Conversion Probability DensityDensity
••Density range:Density range:

(Áreas deforestadas: probabilidad = 0,0)(Áreas deforestadas: probabilidad = 0,0)

1000 2000 001 0 005
5000 - 10000.0002 – 0.001

< 5000< 0.0002

Supficie
por árbol

(ha)

Clase de 
densidad
(árb/ha)

1000 2000 001 0 005
5000 - 10000.0002 – 0.001

< 5000< 0.0002

Supficie
por árbol

(ha)

Clase de 
densidad
(árb/ha)

> 40> 0.025
200 - 400.005 – 0.025

1000 - 2000.001 – 0.005

> 40> 0.025
200 - 400.005 – 0.025

1000 - 2000.001 – 0.005



Forest distribution mapForest distribution map

5. Estimated population by department



Forest CharacterizationForest Characterization



Forest CharacterizationForest Characterization

1. Characterization-plots (CPs) survey

Planning and effective profit in Madre de Dios

* Area of POA’s with mahogany Area of POA s with mahogany



Forest CharacterizationForest Characterization

2. Mahogany density – MDD



Forest CharacterizationForest Characterization
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Forest CharacterizationForest Characterization
4. Location of plots actually surveyed- MDD



Forest CharacterizationForest Characterization
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Forest CharacterizationForest Characterization

6. Association of CPs by similarity - MDD



Forest CharacterizationForest Characterization
7. Analysis of some CP’s soil samples



Forest CharacterizationForest Characterization
8. Soil texture classes in CPs - MDD



Forest CharacterizationForest Characterization

9. Natural regeneration in CPs - MDD

En sub parcelas C y D 
(obligatorias)

Observaciones
(parcelas no obligatorias)

Latizales Brinzales Latizales BrinzalesLatizales
h  < 1,3 m 

Dap < 10 cm

Brinzales
h > 0, 3 m
h <  1,3 m

Latizales
h  < 1,3 m 

Dap < 10 cm

Brinzales
h > 0, 3 m
h <  1,3 m

Número de 3 6 1 21subparcelas con 
reg. natural

3
(1,5 %)

6
(1,5 %)

1
(0,12 %)

21
(2,62 %)

Número total de 
plántulas de 5 10 1 26plántulas de 
reg. natural

5 10 1 26

Numero de 
plántulas de 

 t  H
3 63

reg. nat por Ha



Shape and volume of the treesShape and volume of the trees



Shape and volume of the treesShape and volume of the trees
1. Characterization of 169 trees - MDD



Shape and volume of the treesShape and volume of the trees
2. Diametrical distribution of trees - MDD



Shape and volume of the treesShape and volume of the trees
3. Characterization of 102 trees - UCA



Shape and volume of the treesShape and volume of the trees
4. Ring study



Shape and volume of the treesShape and volume of the trees
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Shape and volume of the treesShape and volume of the trees
6. Determination of the hollow of the trunk



Shape and volume of the treesShape and volume of the trees
7. Determination of the hollow of the trunk



Shape and volume of the treesShape and volume of the trees
8. Asessing age and growth of the tree



Human ImpactHuman Impact



Human ImpactHuman Impact
1. Historic area of mahogany's extraction - LOR



Human ImpactHuman Impact
2. Extractive zones and forest distribution - LOR



Human ImpactHuman Impact
2. Extractive zones and forest distribution - MDD



Conservation strategyConservation strategy
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