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Forestry In Ireland
*11% forest cover (770,020 ha)

Northern-Ilreland

. r 21,000 owners (85% farmers)

*12,000 jobs (mainly rural)

* Forestry sector worth €2.3 billion=

Ordnance Survey Ireland Licence No. EN0076413
© Ordnance Survey Ireland/Government of Ireland
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Ireland’s NF

e Operates on a 5 year cycle.

e Managed internally with six contract staff
recruited to undertake field-work .

e Permanent forest sample plots
eNFI 1(2004-2006) - 1,742 plots
e NFI 2 (2009 —2012) - 1,827 plots
eNFI 3(2015-2017)—-1,923 plots

e Quality control and validation.

NFI Sample Plots
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NFl Sampling Frame
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NFI Plot Design

((S>) sub-circles
>  qualified trees
R4 R, R3
Sub-circle radius (m) 4.00 7.00 12.62
Sub-circle area (m?) 50.3 153.9 500.0
Threshold Dbh (mm) 70 120 200




NFl Technology
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B HarvestngConstrains (Harvest constrains)
+f) StandLayers (Stand layers)
& TreeSpecies (Species) N =10] X
+1 Site ...D"" Project Heb
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¥4 Trees el B Diameter group unt | 8an; j<v.
+2 VitalityConifers (Vitality Conifers) | Surte Diameter classes 5 cm Min: 11 StDev.: |18.16052
+3 VitalityBroadieaves (Vitality broadieaves) || Al % Olmenol()m:alr,;gory!romﬂ‘l " Mex {230 Meadian: [27
Aga class (10 150
+3 SmallTrees Aspd B Age class (10_60) :
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<l SmallTreeSpecies (Species) B Age class (20_60) [T Add left INF interval (ANF. Minimum)
<8 DamageDescription (Damage) B Slendemess rato [v' Add nght INF interval (Mevamum, +INF) - o
¢ IndividualTrees (Individual trees) Attrib B Number of tree species [T Use zero leftside interval <Min, Min) < pu
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#3 Stumps B Clark-Evans index ightside closed intervels (A, : ": R0 L : . E
#[@ DeadLogs (Logs) g'r::ﬁzz'; ?;:;es Minimum: |1 Step: (10 W AR RN R G BT NS
-f FieldTeam (Field team) Entropy / growth stage Meaamum: [150 Overlap: |1 \
¥°, Gnd Dea| B Soil depth Units: [rs
*°, GridToBeDone (Gnd to be done) B Peatdepth 'l—- 21 31 | 41 | 51 6 1 | Multiplier: [1 Decimal places:l
«*. FixedPoints (Fixed points) B Discoloration
Detohston 4 I I Lookup hist
B Discolouration
[ Defoliation (Top 1/3)
- . | B Altitude 200 11-20Yrs
Project D\My Work\NF1 Ireland\Projects\NFlireland_Methodolog | 57 g : s = B Cencpy doaiiie P —fer e
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Map Plots | Forest | Stand layers | Site Trees ﬁi:; 822::
B Slope
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International Reporting Obligations

/ 8\ : Food and Agriculture
X8 2 Q\\?yﬁ Organization of the
epc o QL2 United Nations

Environmental Protection Agency
Ar GAefsmbaienctt an Deorind Jortuboal

Ireland’s

National Inventory Report
2 O 1 5 Greenhouse Gas Emissions 1990-2013

~ Gloval -
- Forest Resources
7 Assessment 2015

e i

' How are the world's forests changing?
@Q@ Food and Agriculture

Organizatign of the ; o ke L .ith
United Nations : F | G Second edition

L ——




Overview of the main NFI results 2006-2017

2006 2012 2017
Total Forest Area (ha) 697,842 731,652 770,020
Mean Basal Area (m?/ha) 20.2 25.3 27.5
Mean Growing stock (m?/ha) 112 148 170
Growing stock (million m?) 71.9 97.5 116.5
Gross Increment Volume (million m” yr1) . 7.69 3.53
Gross Fell Volume (million m? yr) not available 3.62 4.90




Repeated NFI cycles and
Missing Tree Information



Missing Information

 First cycle Dbh & Ht unknown e.g. ingrowth trees.

» Second cycle Dbh & Ht unknown e.g. harvested
trees.

» Dbh data is present for both cycles



Third cycle tree information available

Number of Trees

Tree Dbh/Ht Tree Cat Relevant for D
Availability HEE LATEEOLY increment? “" | Sub-total
Category
new plot tree Yes 957
DiE};/r iﬁiﬁiﬁn ingrowth Yes 11763 | 13,047
omitted by mistake Yes 327
living to lying dead Yes 284
harvested tree Yes 5,139
deforestation (living last cycle) Yes 64
D})ﬂhéi;g?lz;gzm deforestation (dead last cycle) No 13 5,950
standing dead tree cut No 218
measured by mistake No 134
standing dead to lying dead No 98
no change Yes 23.873
Dbh/Ht known in | standing dead to living (Lazarus tree) Yes 3 24 554
both cycles living to standing dead Yes 340 ’
standing dead current and previous cycle No 338
Total Number of Trees 43553




Plot Status

Plot Status Description
no change Plot location has not changed
new plot Afforestation since previous cycle

new plot, forest missed in previous NF

Existing forest being assessed for the
first time.

Forest/FOA previous NFIl, should have been NF

Forest previous NFI, should have been FOA

FOA prev NFI, should have been Forest

Problem with classification of land-use
category in previous cycle

centre located, Forest to FOA

centre located, FOA to Forest

Change in land-use category

GO moved in forest, due to new OA

GO move error previous NFl, return to GO

GO should have moved previous NFI, move GO

A new generated origin is being
created for the plot.

Deforestation

Land-use category change to non-
forest, trees no longer present

inaccessible

Not possible for field-team to reach
plot for assessment




Estimating annual increment data

Trees assessed in both the 2" and 3@ cycle (i.e. no change)
provide total increment.

Plot may get surveyed at different times of the year from one
cycle to the next.

Growing season Is not equal to the calendar year.

Use the plot survey dates based to calculate the increment period
for individual plots.



Calculating increment period

* Growth period -
16th Mar - 19t Oct. ) /
» Phenology data used ) /
to model the - /
cumulative increment | «
over the growing is /
season. i, /
» Total increment is . /
divided by the ;
Increment period to 0 /
give annual increment. o —— o~
Yoaeday munber




Adjusting the increment period

Trees that have died between cycles 1.e. ‘harvested tree’, ‘living to
standing dead’ and ‘living to lying dead'.

The increment period Is adjusted to take into account the period
of time from when the tree died and the assessment date.

Growth period adjustment is estimated from:
* management records or

* In the field by assessing tree or stump decomposition.



Modelling DBH
Increment



kNN Modelling Process Overview

K nearest neighbour (kNN) non-parametric modelling is used to
estimate the missing Dbh values.

The model compares each tree which has no Dbh (e.g ingrowth,
harvested trees) with all other trees that have a Dbh value, anad
uses predefined attribute information to find a tree that will be
most similar in terms of the attribute data supplied.

The kNN Dbh modelling is an iterative process, which aims to
select the model with the lowest Root Mean Squared Error .

Integrated software developed by IFER.



kNN Modelling Stages

Stage 1 - Evaluate core variables for modelling
(.e. IDPlots, Species, DBH, Height, Age)

Stage 2 — Evaluate addition of other variables to the best model
from stage 1. (e.g. Mean basal area, Sum of BA of larger trees)

Stage 3 - Evaluate the combination of the variables from the best
model In stage 2.

Stage 4 - Evaluate the parameter exponent weight.
Stage 5 - Evaluate the variable weights.

Stage 6 - Evaluate the number of nearest neighbours to use in final
model



FM Tools - Prepare trees for modelling in previous cycle
_iofx

Feld-Map project
NFI_3_Completed

Added trees deleted from tree tables

MNumber of trees measured by mistake = (

First cycle 30370

Second cycle 43417

Both cycles 30.370

Addedto 1st cycle 13.047
(1) new plot tree 957
(2500 ingrowth 11,763

(400) omitted by mistake 327
Added to 2nd cycle 0
Linked trees both cycles) 43417
Lirnked trees sucessufuly added.

An Roinn Talmhaiochta, Bia'*

READY



FM Tools - Calculate attributes required for kNN modelling

£+ Field-Map Inventory Analyst - Data Preparation for kNN {© 2015-2017 IFER MMS Ltd. v... E|[E|FZ|

Field-M ap project
MFl 3 Completed

Log
S FLOTG Bazal area, mflha s
DIFF DFLOTG Ciff. of bazal area, médhadyr
W Ly GDBHZ Bverage DEHZ, mm
WAV L GOEHT Byerage DEHT, mm
RSN MEAMNEBS Mean bazal area, mé
WAV MEAMNBAT Mean bazal area, mé
W B LRAGES Ly erage age, yr
WAV A RAGET Byerage age, yi
AR P DOMHEIGHTZ  Darminant height of larger trees, m
AN DOMHEIGHTT  Darminant height of larger trees, m
WAV AyVVOLUMEZ Awerage wolume, e
W Ly VOLUMET  Awerage wolume, e
SR MTREEZ Tree count, 1./ha
S MTHEET Tree count, 1/ha
DIFF DFLOTM Cuff. af tree number, 1/ hadvr
bl DOMSPEC Clominant species [max Bé)
ol i, DOMSFELCT Crominant zpecies [max B
5L FLOTG A Surmn of bazal area of larger trees, né/ha
5L FLOTG1A Surn of bazal area of larger trees, né/ha
SR RELPLOTDEMZ Relatve plot density
S RELFLOTDEMT Relative plat density
D RELTREESIAEY Relatve tree zize
O HELTREESIZET Relatve tree zize
DIFF GIMC Bazal area increment, médur
EAlT
Saving data ko
C:AJRMMEISFR Prfsand cecledMFlL 3 Completed'nventomvdnalysty e MM db
Drata proceszzing hinished.

w

An Roinn Talmhaiochta, Bia [
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Bt CEEH

~ FM Tools - kNN Modelling of Dbh Increment

R u:-|-l§luw
- Open input data table ‘ Filter:
LEJ Load model(s) from XML Name of the model:
....................................................... Stage 1 Evaluate core variables for modeling |
[ Save model(s) to XML Description of the model:
— New model
. Copy model
B Min/max neighbour count to analyze: Weight exponent:
1| Find best model
Attribute (input): [DEHINC =] Low percentil 2 g
e | A best model _ _ . = Up percentil 98
pply Variable type: | Continuous ad Up percentil value  13.580
i Attribute mark: |[MARK = r
1 [Stage 1 - Evaluate core variables ﬁk tf‘ﬁ‘f* (mtE_'”T‘}} ) ?}2523 1003 |
Skip values with mark=1 for RMSE calculation (<=0 OR >perc Probiemalc (mark= 1
~Skip | on { perc) N problematic (mark=2) 245
| Skip values with mark=2 for RMSE calculation (outlayers +/-35tDev) -
Explanatory variable definitions | Explanatory variable combinations used
PLOTID (Category) - | | 1:PLOTID(T),SPECZ2(1),DBH2(1) »
SPEC?Z (Category) |; ——— |2 PLOTID(1),5PEC2(1) AGE2(1) B
DBH2 (Continuous) » | 3:-PLOTID(1).SPEC2(1).HEIGHT2(1)
AGE? (Continuous) -2 | 4-PLOTID(1).DBH2(1).AGE2(1)
S = o - PLOTID(1),DBHZ(1),HEIGHT2(1)
o+ | B 6 - PLOTID(1) AGE2(1) HEIGHT2(1)
g Addvariable T Editvariable 7 - SPEC2(1).DBH2(1) AGE2(1) v
(@ Change variable index 1-2 ‘Eﬁﬁ Delete vanable(s) Remove item(s) ‘ A Clear list

PLOTID D1 D2 TIMESPAN_YRS NEWORMISSINGTREE SPECT SPEC2 SPEC DBEHZ2 DBH1 DBH AGEZ2 AGE1 Ii
b od 1 3 6.08 100 470 470 470 144 124 144 26 EE}_I
| 54 2 6 6.08 100 470 470 470 89 70 89 26 20
An Roinn Talmf ||« @




FM Tools - Applying the kNN DBH Increment results

. Field-Map Inventory Analyst - Apply KNN results (© 2017 IFER MMS I_III.'II'H'ﬁIHI!! = 0] x|

RHeld-Map project
NFl_3 Completed

KNM output table: (C:WJEMNMEPWNEL_3WNFL_ 3 CompletednvertonyAnalyst \KNMN.FDB [STAGET _FINAL] El
Trees of the first cycle: | Trees 2 (Trees 2) -
@ Process data
Trees of the second cycle:

Loading " Prepare ForkMM xml™
Zer increment trees: 150,225 ,600,77
Mo KMM trees: 300

Trees 2 13,047
Trees 3 G, 154

An Roinn Talmhaiochta, Bic
READY




Final Model Selected

* Final Model Variables (Weight=1)
Plot ID, Species, Dbh, Age, Basal area (m%ha), Rank of tree by DBH

 Parameter exponent weight of 1 uses an inverse distance
weighted average of the k-nearest multivariate neighbours

* Number of neighbours =13
* Average annual Dbh increment (mm) =5.0 (RMSE = 2.1 mm)

* Using the modelled annual Dbh increment values and the
increment period the missing tree Dbh data are generated.



Modelling Height
Increment



Modelling Tree Height

Height, m

20 (LOC)
18+
16+
14 |-
12
10+
8L
6L
4
Plot ID = 388
sitka spruce
20
Exponential: Y=1.3+exp(P1+P2/ X)
0 | | | Local function(parameters: 3.08043,-7.10908)
0 10 15 20 25 30 35 40
DBH, cm

12 (ADJGLOB)
10+
8L
&
5 6r
[
I
4L
2 - Plot ID = 1253
silver birch
Exponential: Y=1.3+exp(P1+P2/ X)
0 | | | | | Global function(parameters: 2.46488,-6.14818)
0 5 10 15 20 25 30 35 40 45
DBH, cm

Dbh-height model for an individual plot.

Global Dbh-height model adjusted for an

individual plot.




Modelling tree heights in subsequent cycles

25

If at least 20% of the
same trees have been
resampled for height
In the current cycle
and the heights have _ ™
not decreased then
the original model Is 10
adjusted for the
height Increase

20+

Height, m

Plot ID =659
sitka spruce

Exponential: Y=1.3+exp(P1+P2/ X)
Local function(parameters: 3.10168,4.48381)

0 5 10 15 20 25 30 35 40
DBH, cm




Results



Estimating Volume

*Unknown Dbh & Ht data in tree height
first & second cycle is
calculated. P, C-T T

* Using the DBH and Height
information tree volume is
calculated as normal using
Ireland’s stem profile
equations.

An Roinn Talmhaiochta, Bia agus Mara | Department of Agriculture, Food and the Marine




Generate Annual Increment and Harvest Data

*_ Field-Map Inventory Analyst - Calculate increment (© 2017-20138 IFER MMS5 Ltd. version 2.0

NFl_3 Completed

* Using the values from
the current and
previous cycle, annual
estimates are

generated for:

 Dbh/Ht/Vol increm.
 Harvest volume.

An Roinn Talmhaiochta, Bia agus Mara | Department of Agriculture, Food and tt

L= | B .

Trees of the first cycle:
Trees of the second cycle:

Time span attibute:
Attributes for increment ;

Time span attibute:
Attributes for increment ;

Trees 2 (Trees 2) '

Trees 3 (Trees 3) '

Increment with time span on plot level

PlotincPeriod (PlotincPeriod) - |

{for whole inventorny plot)

VOL GT_M3 (VOL_GT_M3) VALUE
VOL G7_ M3 (VOL_G7_M3) VALUE
VOL_57_M3 (VOL_S57_M3) VALUE
VOL_ST_M3 (WOL_ST_M3) VALUE

Increment with time span on individual tree level

incPeriod_Tree (IncPeriod_Tree) -

DBH_mm (DBH, mm) MLULL
CALCHEIGHT_M ({CALCHEIGHT_M) MULL

@Prmdda

Add attribute

Delete attribute

{for individual tree)

Add attribute

Delete attibute

Loading "Prepare ForkMM xml™

Mo KMM trees: 300

Zem increment trees: 150,225 600,77

i:;rﬁ.g.ég;slih.g. .-_;Iata S




Increment Volume

Annual volume increment (57)

free type thousands m3 (e=0.05) O
new plot tree 24.9 (0.0 - 55.5) 0.3
no change D,292.8 (5,323.2 - 5,862.5) 65.4
standing dead to living (Lazarus tree) 0.1 (0.0 - 3.2) 0.002
felled tree 567.9 (510.2 - 625.6) 5.7
ingrowth 2,250.5 (2,144.1 - 2,356.8) 26.4
living to standing dead 8.4 (0.0 - 18.7) 0.1
omitted by mistake 59.3 (39.4 - 79.2) 0.7
living to lying dead 21.4 (15.1 - 27.7) 0.3
deforestation (living last cycle) 6.6 (6.1 - 7.2 0.08
Total g,332.0 (8,185.4 - 8,878.6)  100.0




Felled Volume

Harvest type

Annual harvest volume (57)

thousands m?3 (o.=0.05) Ol
1st thin o44.7 (554.0 - 735.4) 13.2
2nd thin 313.2 (233.7 - 392.8) 5.4
subsequent thin 226.3 (123.1 - 329.6) 4.6
clearfell 3,711.2 (3,341.7 - 4,080.7) 75.8
Total 4,895.5 (4,335.6 - 5,455.3) 100.0




Summary



Summary

* Subsequent cycle requires new attributes at plot an
tree level describing change.

*kKNN approach presents a novel way to estimate Dbh
increment for NFI.

* New Field-Map suite of tools provides an integrated
approach to undertake this work.



, o
Further Information <~

*Thomas Gschwantner, Adrian Lanz, Claude Vidal, Michal Bosela, Lucio Di Cosmo, Jonas
Fridman, Patrizia Gasparini, Andrius Kuliesis, Stein Tomter & Klemens Schadauer. 2016.
Comparison of methods used in European National Forest Inventories for the

estimation of volume increment: towards harmonisation. Annals of Forest Science
Volume 73 Number 4 807-821

Stein Michael Tomter, Andrius Kuliesis & Thomas Gschwantner. 2016. Annual volume
iIncrement of the European forests—description and evaluation of the national
methods used. Annals of Forest Science Volume 73 Number 4 849-856

*Andrius Kuliesis, Stein M. Tomter, Claude Vidal & Adrian Lanz. 2016. Estimates of stem
wood increments in forest resources: comparison of different approaches in forest

iInventory: consequences for international reporting: case study of European forests.
Annals of Forest Science Volume 73 Number 4 857-869
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