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The inventory for forest planning purposes in Trentino

1

o8 - since 2010, the Forest Service of Trento § y

The

proposal:’

Province has changed its inventory method
for forest management purposes from full
2 callipering on compartment basis to stratifled i©

sampling; f‘%gj

% %}’

Thestrategv * by the stratification, the forest is subjectively subdivides
¥ into homogeneous sub-populations, or strata;

oo L - the stratification process Is based on remote sensing
el support analysis (orthophotos, lidar data), and ground
’ % | control surveys;

Conclusion
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The inventory for forest planning purposes in Trentino
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The inventory for forest planning purposes in Trentino

- the sampling process defines the number and the

location of the sampling points in each stratum according
to its Importance,




The results from the inventory

, « field inventories allow data collection to update figures at
= o forest and strata level for the estimation of key attribute

iNVeRtary,

(standing wood volume, in particular timber volume);

The

B . the growing stock estimation is required by the Forest
% Service at forest compartment level;

108 -strateg‘y ’: .
sy ° the volume of a forest compartment is computed as
& weighted sum on the section surfaces of the average

£ volume of the stratum;

& ° often It happens that a small number or no sampling
points fall within a section, hence the estimation of the

Resen® ™ timber volume will not be accurate:
() UNIVERSITA CRA
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The timber volume estimation at forest compartment level

S4, stratum of Abies

The forest V/ha = 332 m3/

inventaory.

Area of P2 =9.86 ha

The :
proposal:’:

The 'strategy :

i.;',;-applicatidn;g :
s ot the

f‘,'_-rhelthodolo‘gy //\
Area of stratum S4 in P2 = 4.64 ha
Cohclusion V =332 m3/ha *4.64 ha= 1540 m3

W) Tuscia




The timber volume estimation at forest compartment level

1

The forest
inventaory.
S4/P2 S1/p2
V = 1540 m3 _J V = 1141 m?
Stratum 4 Stratum
The
proposal
s S3/P2
Theistrategy Stratym 3
i - V =886 m3

tratum [L

y TS

2 apphBation i
e of the
TMmethodoloty

V (forest compartment) = 3567 m?3

Conclusion
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Our guestions, and hyphotesis

e we wondered:

- can lidar data be used as auxiliary information and assist
In improving the estimate of the wood volume at forest
compartment level?

# - which could be the statistical methods more suitable to

attain rigorous inference of forest resources (volume) at
forest compartment level?

« we hypothesized:
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The relevance of the methodology

* it has the purpose to improve the volume estimation
accuracy at forest compartment level conserving the
Inventory system already tested and in use in the Forest
Service of Trento province exploiting the available lidar
data as auxiliary information;

{

Q




The lidar data availability

« forestry technicians can often exploit the CHM produced
W by the data from airborne laser scanning surveys;

inventaory.

province of Trento national territory

2008727 2010 -

W e(wfllght
> data

olé%en, demand

The
proposal:’

,w«u % f(-«
(‘ -t "

'?f

Theistrategy*

,.:';iff-'ﬁ?-‘pp'T“C;‘J 2008 Summer flight campaign

srer-oFthes

Bl | for forest purposes on four
Telerilevamente:

main forest scegnarious: direct | delme A
costs for4HeForest Service 0 XU UEEES

Conclusion
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The model for timber volume estimation

 for the spatial unit A (a section), it counts the
L relationship:

inventaory.

YA :ﬁXA +8A

The

g £ (5,)=0 V,(g,)=0°X,

t Y, amount of timber volume within A '

The Vstrategy :

& X, known population of CHM pixel in A"~

ol Y, and X, are normal random variables with:
5 PP IBAN0N s
e ofthe

:f%,}jrﬁethdOIOQY Em (YA ‘ X A ) — IBX A

V. (Y, Y )= 02X,

Conclusion




The estimation strategy

- a model-unbiased estimator for Y, Is achieved by a

W model-unbiased estimator for /- w7
InvVentary; 1] Jf'k“if:
~ _ Yo _ Yr maximum likelihood
B D = Fa )—(_ estimator of
The : n

proposal:’

= Y, arithmetic means of wood volume
* within n plots in the stratum (Y, )

% The strategys

e ~n anthmetic means of heights |
_ .’_;: = from the CHM within N plots (X,) yd ™

LT e “ . {/’5
2o © a model-dependent predictor of | Xp. |

‘ - o - | /
sl the random variableY, is given by:

. y \ A
Y, =B, X, =2 e

Conclusion Xp

Y UNIVERSITA
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Three inference approaches

e model-based inference;

The forest
inventaory.

« design-based inference (delta and jackknife methods);

e . I hybrid inference (delta and jackknife methods for the

proposal

design-based component);

<Y

% The strategys

s P e
i gpphtation i
e of thes
TMmethodoloty

Conclusion
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Model-based inference

* the model:
The fores —_
inventoryt YA - IBXA + gA
is used to justify the estimatorY,;
The : . .y - .
2l » all the variability of the estimator arises from the model;
= * I - the variance of the estimator is:
Thevstrategy., X 2
Vm —_ AC2 A Z ZX + X )
-':_" . nXn an i=1 jep, MA
;;_;"appﬁzjt.()’;f‘;'i"f with the bias-correct maximum-likelihood estimator of ¢°:
\eth ooty A 2
‘ A2 1 nZ(yPi-anP)
° n-1. X
Conclusion = P'




Design-based inference

* the model:
' -irrf:\?efr?troer?t YA — ﬂXA T A
e IS used to justify the estimator;

& - the variability of the estimator depends on the design;

proposal:’

* the variance of the estimator is:

2 2 S S 2

AV, =—2—(—-2y,2 2= +y° #} (delta method)
P

' % The Strategy” n X Xp

BN sx2 and s,° variances of the X;; and Y,,

N

Sxv XY covariances

:appllcatlon A
:;_;-.__‘,eithggolog'y B. Vd(Jack) n(n 1) Z(bn 1 n(Jack)) (JaCkknlfe method)

% b i-th pseudo value
e D .., arithmetic mean of the pseudo-values




Hybrid inference
* the model:
e Y, =X, e,

IS used to justify the estimator;

e o the variability of the estimator depends both on the

proposal:’

model and the design;

N
Vg =V +6.7(1-5)X,

% The strategys

with:

| : XA sum of the heights from the CHM in A
kg
‘ gthodotogy

T

Conclusion
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X sum of the heights from the CHM in the stratum




The simulation: the forest

- forest located in Val di Sella (Eastern of Trento
The forést P rOV| nce) :

inventaory.

 forest species composition: silver fir (Abies alba) and

beech (Fagus sylvatica), together with Norway spruce

g (Picea abies), larch (Larix decidua) and other minor
species of conifers and hardwoods;

v - $ 5
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O THes e
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Conclusion
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The simulation: the lidar data

, '%E « 2008 Summer campaign, Optech ALTM 3100C sensor,
e /0,000 Hz laser pulse frequency, 4 returns per pulse, 5

inventary.

The

points/m?, 25-30 cm footprint diameter for 1000 m height
of flight;

B . aw data filtered and classified using Terrascan software
% (Axelsson algorithm);

f‘:‘}he susteoy Digital Surface Model (DSM) and the Digital Terrain
¢y | Model (DTM) obtained, respectively, from first and last
returns;

. CHM computed as difference between DSM and DTM at

';ofthe A

L a spatial resolution of 1 m2;

513 e canopy height values greater than 2 m were assumed to
fev=E® he vegetation hits;




The simulation: the forest field data

The forest
inventaory.

Val di Sella, stratum of 4.8 ha

B
o..

Height classes (m) ° Stratum Of 4_8 ha’

« on 2008 full callipering,
recording of the
geographic position of
each tree;

The :
proposal:’:

- artificial delineation of
three sections Iin the
edges of the stratum
(10% of the area of the
whole stratum, 4800 m?);

TAethodoiogy

Al, A2 e A3 portions of forest
compartment 1, 2, and 3
generated by the stratum A

Conclusion
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The simulation: the data processing

 for each section: simulation by 10,000 runs;

The forest

L - for each run: 25, 50, 100 plots with radius of 10 m
" &% randomly and independently selected within the stratum;

The

st » for each plot: computation of total heights (x,,) and
volume (y,.);

"Theitegy_ » for each section estimation of:
“S¥a - total volume (YA), relative bias (RB), and relative root
& | mean squared error (RRMSE) from the Monte Carlo
£ distributions of Y,;
g8\ - variance of Y, by model-based, design-based and hybrid
approach;
i - percentage of cases that the 0.95 confidence intervals
(C95) included the true volume values;




The results of the simulation

Model- Design- Design- Hybrd Hybnd
based based based (delta- (jackkmfe)

(delta-method) (Jackknife)

The forest method)
inventaory. . , -
Compartment portion | Number of plots i the stratum | RB | RRMSE | ERSE | 93 ERSE (& ERSE €95 || ERSE | €95 | ERSE | (95
, 25 0.2 74 109 | 992 1.5 941 73 9346 [ 114 [ 994 [ 113 | 994
Al
' 50 1.1 5.2 97 | 999 5.2 949 52 o944 § 101 | 100 | 10.1 | 100
(b1 =0.00249)
7 100 0 | 3 90 [ 100 | 37 [949 | 37 [ o948 | 94 [100 | 94 [ 100
proposal 25 47 8.6 115 | 987 1.5 899 73 293 § 120 | 992 | 119 | 99.1
A2
50 50 7.0 10.3 | 99.8 52 853 52 849 § 107 [ 999 | 10.7 | 999
N (b2 =0.00237)
: 100 49 5.9 97 100 37 75.6 37 753 J 101 | 100 | 10.0 | 100
25 169 | 162 95 | 69.5 75 496 73 483 | 11.0 | 815 | 11.0 | 81.0
5 E A3
5 L T ) 156 Lnff gy £y }! —.:.!_ ] :.! .-
% strategy (b5 — 0.00213) 50 17.2 15.6 80 | 364 52 19.0 52 18.6 9. 778 [ 97 7.5
' : L 100 170 | 151 | 72 [424] 37 |20 | 37 | 20 |89 [776| 89 | 775

(b= 0.00246)

t i |+ Dbias negligible whenb, and b are very similar (A1);

app.Tht * low values of bias determine RRMSE lower than 7.5%
: (also with few plots per stratum);

- the estimatorY, combined with the use of the hybrid

estimator of variance is a procedure for conservative

SRR cvaluation of accuracy;

TmCla

\ethodoroly




The case study: the forest and the field data

,  forest owned by the San Martino di Castrozza
& @ municipality;

iNVeRtary,

e 604.5 ha, typical sub-alpine Picea abies forest, located
between 1500 and 1900 m:of altitude;

The :
proposal:’

- forestarea partitioned into.8 homogeneous-strata (from
20.5 to'160.4 ha; from 281 to 558 m/ha);

Sy

Ty ¥ 2
o

% The strategy*

e+ sampling pOints (314 in total) selected aceording to the
i = Criteria-used.in the inventory system for forest planning in
= Trentino;

i - field surveys carried out during the 2008 Summer.

« wood volume computed for each plot;




The study case: the lidar data

e 2007 Winter flight campaign, Optech ALTM 3100C

*

== & sensor, 33,000 Hz laser pulse frequency, 2 returns per

iNVeRtary,

The

pulse, 0.5 points/m?, 25-30 footprint diameter cm for 1500
m height of flight;

proposal

* raw data filtered and classified using Terrascan
software (Axelsson algorithm);

'Theitegy - Digital Surface Model (DSM) and the Digital Terrain
s Model (DTM) obtained, respectively, from first and last
& returns;

it « Canopy Height Model (CHM) computed as DSM-DTM at

'-thodology a spatial resolution of 1 m?;

513 e canopy height values greater than 2 m were assumed to
fev=E® he vegetation hits;




The case study: the data processing

%} » 4 forest compartments selected
The forest (150, 153, 227, and 245 ha.),

inventaory.

; o | I San Martino di Castrozza

3 In each sectlon, ) forest compartments 5, 10, 24, 27
\ the VC)_Iume WaS eStlmated bys 1, f '»." : Classi altimetriche CHM (m)

Fhe =« A y . .

roposal:® — 7P : off ® [ lo-2 \
proposal YA_)—(_ A _ o« £ [ ]2-18

...:,', P (T " : .

,%E  the volume of the entire e
< compartment was computed

' estrategy

| i as the sum of the values

: t estimated for the single
e | SECtioN;

51 compartme tv l

2% Ilcattott" .. ; 4: ' . @ @
a:t‘?)ogh;ogy « the hybrid inference approach, area =153 ha J
was used, the design-based = '

Sif component of the variance was |

ssEs cstimated by jackknife;

Tuscm
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Theistrategy*

The
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r e OFtNE
Zraethodology

Conclusion
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The case study: the results (1)

Forest compartment 5 (22.7 ha)

Section  Number of plots  Volume (m?3) RSE 0.95 confidence interval (m?)
1/5 0 873 11.48% 673-1072
2/5 1 1870 6.37% 1632-2108
4/5 7 8947 6.38% 7805-10089
7/5 1 366 20.80% 213-519
Total 12056 4.95% 10863-13249
Forest compartment 10 (15.3 ha)
Section Number of plots  Volume (m?3) RSE 0.95 confidence interval (m?3)
1/10 0 1004 11.30% 777-1231
2/10 1 570 7.84% 481-659
3/10 0 165 20.51% 97-233
5/10 9 4247 10.53% 3352-5142
6/10 1 721 15.14% 503-939
Total 6706 7.12% 5751-7661

CRA-




The case study: the results (2)

Forest compartment 24 (15.0 ha)

T:\?efriﬁ-sj Section Number of plots Volume (m3) RSE 0.95 confidence interval (m?3)
1/24 3 4651 10.31% 3692-5610
2124 4 3401 6.04% 2990-3812
7 5/24 1 373 19.02% 231-515
proposal 6/24 1 292 17.14% 192-392
8/24 1 186 18.66% 117-255
Total 8904 5.95% 7844-9964
a Thestrategy” Forest compartment 27 (24.5 ha)
: Section Number of plots  Volume (m?3) RSE 0.95 confidence interval (m?3)
T 7 1/27 1 1191 11.11% 926-1456
; 3/27 4 2800 9.09% 2291-3309
5 appﬂgjﬂonf 427 3 4775 6.80% 4126-5424
_.‘.'h%e-tﬁ];gho(alogy 6/27 1 545 15.60% 375-715
8127 10 199 18.23% 126-272
Total 9511 4.66% 8625-10397

Conclusion

% UNIVERSITA C R A/
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. ¥he forest
inve atary,

The

proposal:’

: %

% The strategy

A ,éf odology
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Conclusion
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Conclusion

 the uncertainty of the timber volume estimate is
comparable to that achievable with full callipering:

standard error of 4% in the previous forest inventories of
Trento province;

® + when the CHM is available, the proposed strategy may

represent a strong and highly effective support to forest

managers improving the accuracy of volume estimation at
forest compartment level;

volume
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