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Inventories: Introduction o
VITRI

e Earlier references about forest inventories
from late middle ages (15%" century)

— Just a complete numeration of specific trees for
specific uses (e.g., construction, firewood)

* The late 18t century saw the implementation
of maps to plan usage of forests '
— Fears of decreasing resources in some areas AN
* During the 19% century loggers divided large S8 =¥
areas into smaller units with similar species (St
— Still mostly based on visual estimations et S A
— Relationships between diameter, height, and

i

volume were put into practice G YT e ~ nli
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e Fig. 206.—Teax Fonzsrs or Easr Prev.
e 3 : Beale 1 : 8,000,000

Inventories: Introduction
VITRI

* By the late 19" century, the sampling-based
inventory was introduced
— Sweden 1840
— Burma 1850, teak forests (Dietrich Brandis -taungya-)
* National forestry inventories were implemented R S R
in Scandinavia in the early 20t century R . B,
— Great advances in stratification and statistical analysis | s

* Aerial forest surveys started in Canada during
1920-30’s

* Important advances in terms of equipment and
methods during this period
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Inventories: Introduction

* Nowadays there is a pool of technologies to support and
complement forest inventories

High resolution Digital maps and
satellite imagery other data sources

Field data

— o

. Low- to medium-resolution (optical) Radar satellite s B A
satellite gmememv utm;gd s, oL 5
High-resolution (optical) satellite Regional (natiomwide), entine river . Regumqilam.nmm?g weather L %
Urban areas, rivers. flood plains, | ', CLatien, JOnts P "(-—_;,_ 2 Yt v g
mountainous areas || i | e L 8
Y & i A

% .._;':__'s_all_;g' - )
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| merial photos, laser |

- | Urban areas, rivers,

- mouniainous areas,
W
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-
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Statistics
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e Inventories: Design o
."f f [ ]
VI I I al A stand of mature, “shade-
intolerant” trees.
Regeneration is Complete -‘
The trees an fhe site of the criginal
ehaarcwl pair malerily afler 80-80

years. The stand will soon be ready
far another harvest.

* Purpose:

— To make informed decisions about forest m
management

Regeneration Continues F

Hmﬂl arcuts ara parformed In sbsequent
am the Meganaration conlinues in e

* Traditionally concentrated on timber volumes e

* Nowadays more components of the ecosystem are
often considered — SDGs-

Clearcut
Most of the trees in a sebected

— It provides information about
* the effects of previous interventions -if any-,
* the assessment of current conditions, and

» potentially, information about the effects of future
interventions
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Inventories: Design
VITRI
e Classification (scott & Gove 2002):

Forest Stand

/SllVlcuIturaI survey

e pre & post treatments

— Regeneration survey
* pre & post treatments

— Operational inv.
\ * pre & post harvest /
— Appraisal survey (biomass- blodlv)
* to estimate value of land
— Strategic inv.
* allocation of resources

— National or regional inv.
* high level policy making

e, | OTESt Management Unit

~ = Provincial or Regional
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Inventories: Design

* Based on inventory objectives we should consider that:
— There should be a reasonable balance between the objectives and
the cost (money & time) of the inventory
— Similar balance with the precision and volume of data collection
— What information is already available

* Previousinventories

* Permanent measurement units

* Aerial, satellite or lidar material

 Availability of resources — human & technical-

University of Helsinki Viikki Tropical Resources Institute (VITRI)



Inventories: Design

e Consider whether stratification is needed:

" Allows researchers to obtain precise estimates at a
lower cost than without stratification

= Steps:
® Divide heterogeneous population into homogenous groups

® Larger samples are taken in the strata with the greatest
variability to generate the least possible sampling variance

® Use standardised methods (sampling and calculations) for
each strata and compile results at the end

Viikki Tropical Resources Institute (VITRI)
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Inventories: Design

* Stratification can be based on
— Changes in species composition — forest types-
— Soil types
— Climatic conditions
— Other relevant factors related to the objectives of the inventory

* Also check whether preliminary inventories or previous
inventories indicate
— High standard errors = high variability across samples
— Changes in the species/area curve

University of Helsinki Viikki Tropical Resources Institute (VITRI)



Inventories: Design

* Sampling intensity
— Based on inventory objectives and targeted precision

— Stratification will allow for lower standard errors within each strata
thus reducing sampling intensity

— Winrock Sample Plot Calculator can help you to get an idea of
sample intensity needed

e http://www.winrock.org/resources/winrock-sample-plot-calculator

 The calculator allows stratification

University of Helsinki Viikki Tropical Resources Institute (VITRI)


http://www.winrock.org/resources/winrock-sample-plot-calculator

VITRI

e For all strata choose sampling method (usually without replacement)

Population

i

Sample (every 3)

University of Helsinki



Inventories: Design

* |nventory plots

— Develop clear rules about when to ignore or shift a sample plot if
necessary
* Plot fall into the wrong land-use or forest type
* Plot too close to the edge of land-use or forest type
* Plotis inaccessible
e Other reasons...

— Depending on the objective of the inventory
* The plot is recorded as unmeasured, still use for data analysis

* The plot is moved or an extra plot is added to the sample
e Other....

University of Helsinki Viikki Tropical Resources Institute (VITRI)



52 Inventories: Design
VITRI

* |nventory plots
— Shape and dimensions based on objectives, experience and constrains

r=0,8->2m?
r=>5,64 - 100m?2
r=12.62 - 500m?2




Inventories: Design

* What information to collect?
— Basic info: forest type, slope, DBH, tree height, species
— Additional info: tree form/quality, crown cover, ecological position, location, etc

Formulario 1.
Boleta de campo para arboles > 25 cm dap, pimienta (>10 cm dap) y chicozapote (>20 cm dap); subparcela 10x50 m

INVENTARIO FORESTAL INTEGRADO DE

No. parcela: No. subparcela: No. de Cuadrilla: Fecha: Tipo de Bosque (1 — 4):
Topografla (1 — 4): Drenaje (1 — 4): Estado del bosque (1 — €): Sitios arqueocldgicos (1 — 6):
Evaluacidn Pimienta y Chicozapote
— Calidad | Altura 4
No. Nombre comiin 24P | fuste | com. Observadiones Espedie Dap | Cosecha
(cm) (1-6) | (m) (cm) | bilidad
1
2
3
4

University of Helsinki Viikki Tropical Resources Institute (VITRI)



e What information to collect?

Inventories: Design

— Only trees: seedling, sapling, tree (DBH > 5cm or 10cm)
— Other than trees: Palms, bamboo, other vegetation

Formulario 3. Boleta de campo para muestreo diagnéstico lineal.

Nombre sitio:

No. de cuadrilla:

Fecha: CUADRADO 10010 m

Identificador: Anctador:

MNo. de linea o brecha: Desde: m A: m

- - . . Deseable Sobresaliente <60 cm caoba y cedro;
E;Imtam;a iﬂbm Tipo de Inventario de arboles aprovechables <50 cm otras especies

argo de linea - : - —— -

B bosque =60 cm dap caoba y cedro Da Calidad | AL ipo 1, Da Clase Clase

Desde Hasta |1.2 3 4| =50 an adap otras espedes ’f"ﬁ) fuste com. | 2,3 4, Mombre del DS ,rnF:l lurm. ianas
__m __m nombre comuin & 9 si no hay - {(1-6) | (m) 9 b copa (1-4)

University of Helsinki
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"~ Inventories: Implementation
VITRI

* Basic equipment
— DBH: Diameter tape, caliper, relascope (basal area)
— Height: clinometer, Blume Leiss (Haga),
— Distance: GPS, long tape, ropes
* More specialised equipment depending of the objectives

— Laser instruments: vertex, postex criterion/trupulse

(1.3) 1£,5) (4.9}

5p3 Spd
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Inventories: Implementation

* To consider while stablishing plots
— Slope

250m

2.50m

Cinta métrica

orizontal projection

R S

10 m de distancia horizontal

Sample plot Ground surface (Slope)

University of Helsinki




Inventories: Implementation

* To consider while stablishing plots

Slope  Degree Factor Horizontal distances
%0 ¢ f 5 10 15 20 25 30 40 50 125 245
15 9 1.0112 5.1 10.1 152 202 253 303 404 506 1264 2477
20 11 1.0198 5.1 102 153 204 255 306 408 51.0 1275 2499
25 14 1.0308 52 103 155 206 258 309 412 515 128.8 2525
30 17 1.0440 52 104 157 209 261 313 41.8 522 1305 2558
35 19 1.0595 5.3 106 159 212 265 318 424 530 1324 2596
40 22 1.0770 54 108 162 215 269 323 431 539 1346 2639
45 24 1.0966 5.5 11.0 164 219 274 329 439 548 137.1 268.7
50 27 1.1180 56 112 168 224 28.0 335 447 559 1398 2739
60 31 1.1662 58 11.7 175 233 292 350 46.6 583 1458 2857
70 35 1.2207 6.1 122 183 244 305 366 488 61.0 1526 299.1
80 39 1.2806 64 128 192 256 320 384 512 640 160.1 3138
90 42 1.3454 67 135 202 269 336 404 538 673 1682 3296
100 45 14142 7.1 141 21.2 283 354 424 566 707 176.8 346.5
110 48 14866 74 149 223 297 372 446 595 743 1858 3642
120 50 1.5620 78 156 234 312 391 469 625 781 1953 3827
130 52 1.6401 82 164 246 328 410 492 656 820 2050 4018
140 54 1.7205 86 172 258 344 430 516 688 860 2151 4215
150 56 1.8028 9.0 18.0 27.0 36.1 451 541 721 901 2253 441.7

|enue|p Alojuanu| AJ3salod |euolleN ‘£00Z OVH :924nos
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Inventories: Implementation

* To consider while stablishing plots

— Tree shapes

posie ol
affecioer

o o
hackine
@ s aie

DBH = /x{ + x%....

Dbh measurament position Dbh measuremeant position on Forked Trees
on steep terrain

Measuring Point

in Buttressed Trees

University c Dbh in Leaning trees



Inventories: Implementation

* To consider while stablishing plots

-

— Height of the trees

a)7+5=12
b) 15,5-3,5=12
c)10,4+1,6=12

d) /11,72 + 52

University of Helsinki Viikki Tropical Resource_ ... .,



Inventories: Implementation .

Py
by

e Basic metrics to estimate

— Basal area per hectare I

-
L~ -
AT
LT -— -
-—

L+ \\\‘_‘

— Volume/biomass per hectare 1 |

— Diametric distribution of trees/vol./bioW
T ] I

* Additionally
— Canopy cover

A
o

— Site index m

— Carbon stocks

— Biodiversity indexes R .

——| at Breast Height)

— Leaf area index.....

University of Helsinki Viikki Tropical Resources Institute (VITRI)
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/”“ Inventories: Examples
VITRI e - e e e e e

Suggested by FAO (2004) e

— To assess forest resources

and tree resources outside | = =% | Ak
forest . . oo

— Countries can add objectives :

— “Tracks” are created using JARERa |
the latitude/longitude grid | .. ... ... ..

— Density will depend on
national characteristics, at
least 1x1 degree latitude

University of Helsinki



Inventories: Examples

e Suggested by FAO (2004)

— Each “Track” contains 4

plots o “
— Each plot contains 6 NN
subplots

— In the plot measure all Plot
trees DBH>20cm

— Rectangular subplots for
small trees 10 < DBH < 20

— Circular subplots for

regeneration DBH <
10cm

W |

250 m
i

Tract X% coordinates

=====3 Plot orientation

Meas urement
-1 Poin F
| —— Plat central line '

1 B0

N

L1 and
Plot starting point sRiLz
University of Helsinki

Subplots

Viikki Tropical Resources Institu

Towards starting
Subplot Level 1 ot Subplot Level 2
{SPL1) pomt ot e pot {SPL2)



Inventories: Examples

e Suggested by FAO (2004)

— For each plot the different land-uses (international
classification) will be identified and recorded

— If subplots fall in land uses other than forest (defined
by FAO or national law), they won’t be mark

(o

_@ LUS1

LU54

There are 4 land use sections in this plof. The red lines indicate the limits between them. LUSZ
and LUS4 belong to the same Land Use class.

University of Helsinki



Inventories: Examples

Wils od o
LY, .-
Y '-n. ¥ ‘T L1

e Suggested by WWF (2004)

— Combines forest inventory JeAr
with NTFP and diagnostic ’ TN
sampling (for planning i '
silvicultural activities)

— Stratification was done
considering forest cover
maps, satellite images and T ohiodindep Tyt

A/ Corrientes permanentes s

a Itit u d e \/ Corrientes efimeras

[ Estrato A
1 Estrato B

— Plots systematically arrange | & swoc

[ Estrato D
[ Estrato P

for each land use and based | ==

of sampling intensity 2 Vs secindariz
4 Vlas tercearias
University of Helsinki Viikki Tropical Resources Institute (VITRI)_ /\/ Vereda peatonal

Referencias L, Y L.




Inventories: Examples

10m
Subparcela de
e Suggested by WWF (2004) n] — egeneracion
m
12 :
— Inthe plot all treesDBH >25 |[®3°] | s e i)
14 N S e
— In subplots 1-7-11-17 also ] *ﬁf.jlc‘}‘dm
15 & T Pirmienta

small trees 10 < DBH < 25
and some NTFP

* Arboles
(>>25 om dap)

' J
— In the selected subplotsalso | =1 ¢ 10m
small plots for seedling, 19y 2 O O N
. -0 lﬁb!uaﬂ?ﬂ-dﬁ E".:ﬂlJaf_'I?I'l bl a’l_I:'_un_:F_
sapllngs and NTFP nnzales dexate  bayal y latizales
|
lngér},:g'[; la N Brecha Fuante: Adaptado de Stanley (1994) y Pineda (1996)

University of Helsinki Viikki Tropical Resources Institute (VITRI)



* Diagnostic sampling survey

Inventories: Examples

— Aim at recognising and selecting one Leading Desirable (LD)
within a sample area, usually a plot of 10 x 10 m. The LD is
the "best" tree or sapling present. It is the tallest and with the
largest DBH of a desirable species present in the sample plot
in terms of its potential value as a future crop tree. The LD
must have a 5/10cm < DBH < "minimum cutting diameter";
straight bole > 4 m long, without defects, malformation, decay
and large knots, vigorous, and well formed crown.

10m

University of Helsinki

10 m

Viikki Tropical Resources Institute (VITRI)



Inventories: Examples

* By VITRI in Mozambique

— Compare carbon stocks (Mg
ha-1) between native

Leaves

. Branch
vegetation and forest e
plantations in the study area m

— Aboveground carbon stocks: | s
* Trees _
Shrubs and saplings
e Shrubs and saplings
. Herbaceous
* Herbaceous vegetation N vegetation

— Belowground carbon stocks:
* Roots

Roots
— Soil organic carbon m

University of Helsinki Viikki Tropical Resources Institute (VITRI)




" Inventories: Examples

* By VITRI in Mozambique

— Four types of native vegetation + 2
types of plantations (eucalyptus,
pine)

— Measuring of trees, saplings and
herbaceous vegetation

— Also soil samples

. . ' Ope
University of H . T



2 Inventories: Examples

* By VITRI in Mozambique

— Subjective selection of areas
* Four main areas for native land use
e Plantation areas based on age

— Systematic sampling method:
* Random starting point
e 100x100 or 50x50 grid for native and
plantations respectively
— Starting point randomly selected
to create a grid.

— Plots with wrong classification
(white) are excluded.

— If plot falls into rivers or roads, the
center is moved

University of Helsinki Viikki Tropical Resources Institute (VITRI)



Inventories: Examples

* By VITRI in Mozambique

TreeS 20.00 m
Shrubs etc.
N
) - \.\.
1m N,
\‘
Im \-\'
!
2m .’
/
7
A4
N >
Trees from 5-19.9 cm of DBH measured in the The dashed circle represents the
smaller circle (all trees in forest plantations). Trees subplot on which shrubs and
larder than 20 cm DBH measured in the larger saplings were sampled (r = 2.0
circle. The dashed circle represents the subplot on m). The clip plot (1.0 m?) for
which shrubs and saplings were sampled sampling herbaceous vegetation

University of Helsinki Viikki Tropical Resources Institute (VITRI)
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\*“’ Inventories: Field course
VITRI

e Circular plots every 100m in different land-uses

University of Helsinki [



" Inventories: Field course

* Circular plots areas 2 m?, 50 m? and 200 m?
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m’?’:’ Inventories: Field course

* Kee gm_gallthe wa untllwemeetorestI




" Inventories: Field course

* Hopefully several plots for each land-use

Googleearth
L

University of Helsinki Viikki Tropical Resources Institute (VITRI)
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&G 0D Different group, different sampling
AR T
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e Inventories: Field course

* Plots in old grow forest and secondary forest

Legend

# MNapo cld-growth (left)

B Napo secondary {left]

#® [ong Ma Tard cld-growth (right)

B Dong Ma Tard secondary [right)
[ Frovinces on interest

[ Lao PO

ey Border of the fonest

LN
University of Helsinki Viikki Tropical Resources Institute (VITRI)
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Inventories: Last field course
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Secondary forest of different ages &
old grow ore‘sqt. .
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Secondary forest of different ages &
old grow forest
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Secondary forest of different ages &

old grow forest

bt %

46



University of Helsinki

Secondary forest of different ages &
old grow forest

Viikki Tropical Resources Institute (VITRI)
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