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NATIONAL FOREST INVENTORY IN CROATIA (CRONFI)
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1) Introduction

2) The first NFI system

(field work, forest delineation and clasification, data processing and reporting)

3) Current situation

4) Looking forward
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1) Introduction

a large-scale forest survey (1948-1952)
since 1990 the State GFMPs (1996, 2006) based on stand-wise inventory

need for systematic, unique and comprehensive inventory (NFl)
-strategic level forest management planning
-result compatibility and exchanging on international level

decision to carry out 1" NFl and incorporation RH into global system of forest
resources monitoring (begining of 2005)

-National program RH of joining the EU (2004),

-National forest policy and strategy (2003),

-Forest law (2006),

-Regulation on NFIl in RH (2006)
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1) Introduction

Ideological and operative plan (IOP) of NFl in RH (February — May, 2005)
Pilot project of NFI: testing of IOP of NFI RH, (July — December, 2005)

Carry out of NFI RH (2006-2009)

-preparation for ground survey and assessment on projected field sample plots,

-development of computer program (ANFORRES) for data storing, processing and
reporting,

-testing of the computer program,

-control of data (data collection, data entry),

-validation of field assessment,

-interpretation of satellite images (delineation of forests, forest classification)

-processing and connecting data of field assessment and spatial data of classification on
satellite images

-reporting and publication of obtained results
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2) The first NFI system

Sampling design and preparation for ground survey

4km by 4km intersection
1- 4376 squares, NE-SW numeration

1km x 1km grid
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Random selection of 1km x 1km
square (position of cluster)
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P

Design of field sample plots
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150 m

Cluster square
X,Y coordinate
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Preparation of background maps and information
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A o -Suunto kompas (360°);

Eq ul pment Of flEId crew: -Trimble GPS uredaj za kartiranje s dodatnim baterijama;

-“Vertex” visinomjer/daljinomjer (komplet s dodatnim
baterijama i punjacem);

-Sirokokutni digitalni fotoaparat;

-Dalekozor;

-Mobitel;

-Promjerka s mm podjelom za velike promjere (100 cm);

-Promjerka s mm podjelom za male promjere (30-40 cm);

-Samonamataju¢a mjerna vrpca za mjerenje opsega stabala;

-Metalni mjerac¢ dubine tla;

-Mjerac debljine kore;

-Zadirac¢ za trajno oznacavanje stabala koja se mjere;

-Pociné¢ani klinovi (20-30 cm) za trajno obiljeZavanje
srediSta plohe (Cetiri klina po traktu);

-Stativ za kompas, visinomjer i foto kameru, trasirke;

-Plastificirane obroj¢ane oznake za privremeno
obroj¢avanje mjerenih stabala na plohi;

-Uljana boja i Cetkica za postavljanje trajnih oznaka;

-Sjekira, maceta;

-Pribor za pisanje (daska, olovka, kutomjer, ravnalo,
kalkulator);

-Topografska ili orto-foto karta (1 : 5,000) s ucrtanom
lokacijom trakta i ploha;

-Terenski obrasci za prikupljanje podataka;

-Prirucnik za terensku izmjeru;

-Ruksak (nepromocivi) za mjerne instrumente i obrasce;

-Torba za prvu pomo¢;

-Baterijska svjetiljka;

-Terensko vozilo.




A) Identifikacija i poloZaj trakta Terenski obrazac: OT-IS
(1) Broj trakta | ] | | ]_ (4) Broj Upr. sum (7} Projektirane X
| (2) Oblast (5) Broj Zupanije koordinate ¥
(3) Broj karte [ TTT1 (6) Broj gosp. jed. (8) Stvame x
koordinate (GPS) | v |
B) Podaci o terenskoj radnoj grupi
(9) Broj grupe [ | ] (10) Voda grupe [ Potpis: |

C) Datum i vrijeme snimanja

D) Kategorije zemljiSta i linijski objekti

d | K ij % povrs. rakia
(11) Datum | m 4 g ategorija povrs.
i (13) Suma
(12) Vrijeme snimanja sat minuta sat minuta (14) QSlaIu Sumskn_fxndjiim (pmnhka,
{12a) Odlazak [ ’ zakrlj, vegel, zemljiste u zaradtivanju)
(12b) Potetak | {15) Ekstenzivni pasnjak
(12c) Zavrsctak (16) Drugo nesumsko zemljiste {Fbm
{124) Povratak poljoprivredn, moévare, vode, stijene,...}
(17) Linijski objekti (dalekovodi,
E) Skica trakta i mjerenja [ 11 : [ 13
i -
%
|
aam |
o i l 4
F) Putevi i ceste u funkciji gospodarenja Sumom
Obiljezja puta Kategorije Ty —
{18) Broj puta Jedinstvena ozmaka (brof) puta
Traktna linija Trakina linija u smjeru:
1:1-2, 2:2-3; 334, 4:4-1
(19) Tip puta | — fuma s jedne strane prometnice
2 — $uma s obje strane icc
Udalj u m od pod Udalj na trakinoj liniji od potetne ke linije (srediste
todke na traktngj liniji plohe) do todke gdje put sjete trakinu liniju (sredina puta)
(20) Kategorija puta 1 - Kamionski put — moguéa upotreba Sitava godinu

(21)§iri.nupula

2 —cesta Sirne 3 —6m
3 — cesta Sirine > 6 m

| —vlaka, cesta §irme 2-3m

2 - Kamionski put — nije moguca upotreba Citavu godinu
| 3- Traktorska viaka, izgradena

{22) Kolovoz 0 — nema (zemlje)

1 = stabiliziran

2 — izgraden (asfalt, beton, ...
(23) Stanje puta 0 - hez odtetenja

| = lak$e oftecen

24) Uzdudni nagib

Nagib u postoteima (%)

2~ zmatno ostocen, potrcban popravak

(25) Duekina puta

Duina puta kroz traktnu povrsing u 10 m

Assessments on cluster square

1,932 clusters (25 variables)

103 m < -

—_—1

5qm -kamionski put

-Suma s obje strane
-3-5 m Sirine

L -asfaltni

-bez ostecenja

2

N -traktorska vlaka

-Suma s obje strane

N -nema kolovoza (zemlja)
N -lak$a ostecenja




A) Identifikacija i poloZaj plohe

Terenski obrazac: OP-IS

- . )
'?;p\x I ﬁ ()9 /‘é‘\:’
™ K' 11 N

() Broj trakia | | | | [ 4) Projektiranc | x | ()Stvame x| | | | | ] | |
)8 koordinate ! i y
(3) Broj plohe
B) Podaci o terenskoj radnoj grupi
[ (6) Broj grupe [ T T3 Vodagrupe | [ Potpis: [ ]
C) Datum i vrijeme snimanja D) Osiguranje plohe
(8) Datum d [ m [ g d { m I g (10) Todka 1 (10?1 Azi-imn (10 |h) uurljemlm (10 ¢) Opis
(9) Vrijeme snim. sat minuta sat minuta (11) Totka2 | (118) Azimut | (11b) Udaljenost | (11 c) Opis Assessments on base
(92) Pocetak | 1 [ | [
{9b) Zavrsetak | | (12) Tocka3 | (12#) Azimut | (12 b) Udaljenost | (12 ¢) Opis e ”
[T T T T (“interpretat.”) plots (r = 25 m)
E) Zamj. sredifte F) Vlasniftvo i elem. gosp. G) Dostupnost i status plohe H) Elementi staniSta
(12)0d Varijable i (18)Dostupn. (zomm:ur?ea rzn{ry;m mn;:t_c]qm (11):3;@ .[mguwu
od zamj. sred, (13)Viasnidtvo (19)Status p. % s = ( . )
il | RN C LT e 6,232 plots (50 variables
(15)Tehnika (I9) R 7m (25) Degradacija tla QeEroziia | Z0Wad
{12b)Udaljenost (16)Udaljenost (1% R 13m (@5a) listiac__| (250)humus | (25 kamenit il
L R l i 25,943 young (<10 cm) trees (4 variables)
T) Elementi sastojine N
Element sastojine Kategorija Sifra
(29) Postanak sastojine T- visoke, - sredilja Suma, 3- panjace, 4- plantaze, 5- kulture
{30} Uzgojmi oblik 1- jednodobne, 2- rmodobue
(31} Starost u 10 so&'m
{32) Strukturni oblik 1- jed 7 - jednodobua & 3 preb blimicra, 4 - p T ;v
mﬂ_wmﬁﬁ_m
(33) Stadij razvitka 1- mhdemogm:\uwk}md"ndruhhmhah.#— dnjodok ine, 5- sarje s 11 b-sare
(34) Smjesa 1 ﬁmjabsanu. - mjedovite b 3- mg ludunﬂns 4- Eiste crmogorica, smumg,
(35) Sklop 1-patpun sklop, 2-nepotpun sklop, 3-rijedak sklop, 4-progaljen sklop
(36) Kakvoéa sastojine T-wrlo dobre kakvode, 2-dobre kakvoée, 3-srednje kakvode, 4-lode kakvode
(37) Prizemna vegetac, T-nema, 2-rijetka, 3-srednjo gusta, 4-gusta
(38) Stete u fumi
(38a) Abiotske 1. vjetroizvale, 2. po2ar, 3. mraz, 4. tué, 5. abiotske - ostalo
(38b) Biotske 1. insekii 2. bolesti, 3. divijac, 4. biotske-ostako,
(38c) Utjecaj Covjek 1. cksploatacija, 2. drugo
(39) Prirodnost 1. pradume, 2. gospodarene Sume s prirodnom obnovom, 3. gusp&mespolpomummmohmwm,ltkm
(40) Homogenost plohe 1, sastnjina na plohi, 2. dvije ili viSe sastojina, 3. neh
(41) Sloj grmlja 1. nema, 2. njedak, 3. srednje gust, 4. gust
J) Stanje i struktura obnove sastojine
(45) Udio glavne vrste (47) Uzrok (48) Stupanj
(42)Pomladena | (43)Nastanak | (44)Smjesa [ (45a) Vrsta (Sifra) (46)Kakvota | oste¢enja osteenosti
povrsina (u 10%) [ | (47a)l. | (47h)IL. (u 10%)
Sifra {45b) Postotni udio (%) Sifra
T I I I [ [ = ]
1 | | [ | | | |
K) Tanka stabla (ispod taksacijske granice)
(49) 1. debljinski razred (1-3.9 cm) (50) IL. debljinski razred (4-6.9 cm) (S1) 111 debljinski razred (7-9.9 cm)
(49a)Vrsta | (49b)Broj | (49c)Srednja | (50a)Vrsta | (50b)Broj | (50c)Srednja | (51a)Vrsta | (51b)Broj | (51c)Srednja
drveca stabala visina (m) drveca stabala visina (m) drveca stabala visina (m)
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A) Identifikacija plohe na kojoj se mjere stabla

Terenski obrazac: OS-1S

Assessments of trees,
stumps and dead wood

[(MWBrojtakta [ [ [ [ [ [ | [ [Brojplohe | [GDewm | | | | [ | |
B) Izmjera varijabli stabala i panjeva

5 lE’ § fg ig :§ -1 K]

» -

L) _ _§ g é ﬁ';‘ = E. § ] g .g
Esl g s g Eg 2 | £ g el g | B
n‘g g :Es = ,_E g‘ = | 4 ~§_5 § 4=

TIR5(2 |4 |29|B |2 |Bo|2|2|3%4 |2 |48 & a8

g |s8|e | |€ s [EF|S|E|E |2 |2 |8 |E|E

ifra (%) m =) m cm cm | mm Sifra

Stabla:

Panjevi: ~ — _ _

C)Mrt\rlldt&stahh______________________________________

Raspadnutost
Tvrdo Tvrdo i potetak raspadanjana | Raspadnuto trulo drvo vise od

Debljinski razred kori i vanjskom dijelu 50 %

(promjerna 1,3 m)  [5) jelogoicar | b) crnogorica | c) bielogorica | d) crnog ¢) bjelogorica_| f) crnogorica

broj stabala

(19)5— 10 cm

(20) 10 =20 cm

(21) 20— 30 em

(22) 30 - 50 cm

(23)>d S0 cm

5,709 groups of concentric c. plots

75,032 live standing trees (20 variables
3,481 dead standing trees (9 variables
5,578 stumps
11,942 dead laying trees

(6 variables
(5 variables
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Assessments (delineation) of forest area (classification of satellite images)

13 scenes IRS P6 LISS 11l multispectral satellite images

resolution: 20 m
scene size: 140 km x 140 km

ORTHORECTIFICATION OF S. IMAGES
-> Digital ortophoto (DOP)

Parameters of DOP preparing:

Software: Erdas Imagine 9.3, model for
RESOURCESAT-1

Entry data: individual images with appurtenant
RPC files

Reference points sources: TK25, TK50,

archive of satellite images (Gisdata Ltd)

Digital elevation model: raster DEM (20 m
resolut.) owned by Gisdata Ltd

Croatia: IRS-P6 LISS-lIl Data Coverage of Your AOI

T IRS BE LISS I

o 70 210 Kilometars

140

ARS Pa LIS III
/RS P& LISS III

A BAE GBEEARY

[ Your Area of Interest
IRS-P6 Scene

2338 Scene Reference
~ +T0% Shift Along Track

Snimak

E

Datum
snimanja
05.08.2007.
11.07.2008.
04.08.2008.
22,08 2008,
22.06 2008,
22,06 .2008.
14.08.2008.

IES P6 LISS III
IES P LISS III
IES P& LISS II1
IES P6 LISS III
IES P LISS III
IES P& LISS III

14.08.2008.
14.08.2008.
02.07.2007.
08.07.2007.
31.07.2007.
07.07.2008.

IES P6 LISS III

IES P6 LISS II1
IES P6 LISS III
IES P6 LISS IIT

HHE R R e
FUEH S EHE e AR é

Copyright 2009 Euromap GmbH Newstrelitz
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DOP characteristics:

Satellite, sensor: IRS-P6, LISS-III
Spatial resolution: 20 m

Format: 4-channel TIFF
Coordinate system: Gaus-Krlger,
5t zone
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assessment)

Classification (ISODATA method),
interpretation in 30 categories
categories sorting into two aimed (forest/non-forest),
joining into unique raster data base

Conversion raster to vector format data
base (delineation of forest border)
ESRI shape and ESRI filegeodatabase format
(min. mapping unit of 0.2 ha, 5 pixels)

Control of classification
-visualy by overlapping vector data base and images
-using field data (5,767 sample plots)

Assessment of classification accuracy
-accord. Error Matrix (524 randomly selected sample
plots for comparison)

& 41 ROI Mask {ISODATA

File Cwvetlay Enhance Tools  Window
i’ L -

& %1 Interactive Class Tool

File Edit ©Options Help

Active EIass.ID

[~ On .IEI [~ On
[ on .|1

—

| [=-F] 1_34_36_14082008_5

& Available Bands List o =]

File Options

ROl Mask [ISODATA [34-36_dof2

K — i

% Gray Scale ¢ RGE Color

Selected Band
IHDI Mask (ISODATA [34-36_dof20_080814.

|Dims|8822x?819[8yte] [BSQ] |

Load Band | Dizplay #1

=10

ENVI programski paket
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Forest map (spatial data base in vector format)

forest: 2,580,825 ha (45.6 %)
non-forest: 3,078,615 ha (54.4 %)
5,659,440 ha

Classification accuracy:

90.84 %
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Classification of forest area (broadleaved, conifers, mixed, young, open forest)

Classification into 5 aimed categories (ENVI),
MAXIMUM LIKELIHOOD classification (broadleaved, conifers, mixed, young, open forest)

grouping and eliminating <0,2 ha pixel groups (CLUMP, ELIMINATE)

joining of classification results (unique raster data base)

Conversion raster data base to vector format (ESRI ArcINFO)

ESRI shape and ESRI filegeodatabase format

Control of classification

-visualy by overlapping vector data base and images

-using field data (5,767 sample plots)

Assessment of classification accuracy

-accord. Error Matrix (1,050 randomly selected

sample plots for comparison)

Category Area (ha) Proportion (%)
1 Broadleaved 1,475,826 57.18
2 Conifer 153,419 5.94
3  Mixed 441,882 17.12
4 Young growth 306,559 11.88
5 Open forest 203,140 7.87
TOTAL 2,580,826 100.00
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Integration of spatial and field data for stratification, presentation and
analysis of forest resources

Integration of spatial data (intersections of
spatial layers) for forest stratification
(data table)

GIS

SR
S~4

A) Administrative units

“T---._| DATA TABLE
2 -area and spatial belonging of several
] % 1. Republic of Croatia “‘ polygon, J ! .
s . n \ ; ! data of spatial belonging of field sample
' “intersection” of 2. Counties (21) ¥ o
] - S 3. Forest Administrations (16) \ \/
i available b 4. Administr. of Private Forest Service (10) 1,440,633 '\‘
: spatial |ayers /'l 5. Nature protection (NP, FP,) polygons !
sl N R e 4 B) Forest management 0
1 ’ \
1 ’ |
i // 1. Forest border (classification forest/non-forest))
0o 2. Stratums (5 bioclimatic zones)
3. Forest categories (5 categories)

4. Forest types (16 forest types)

SPATIAL FORMAT OF INTERSECTIONS
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Data processing and reporting

Computer program CRONFI ANFORRES
(Microsoft SQL Server 2005)

-data entry and storing (data base)

-data accession (interface)

-ad-hoch and dynamic inquiries

-data processing, calculation of derivative variables and reporting

3 basic functional moduls:
-module for direct entry, evaluation and correction of data

-module for data “import” from EXCEL (*.xIs) files
-module for inquiry creation and report of results
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* ANFORRES - Analiza Sumskih resursa
[zbornik

B Unos podataka | B  Uvoziz XLS datoteka B Upiti u bazu podataka ‘

MINISTARSTVO REGIONALNOG RAZVOJA,
SUMARSTVA | VODNDE GDSPODARSTVA
REPUBLIKA HRVATSKA

C R O N Fl s ~ SVEUCILISTE U ZAGREBU
A N F O R R E S ‘ ' . i SUMARSKI FAKULTET
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MAIN INQUIRY WITH OUTPUT VARIABLES

Area and basic data

Live trees

Standing dead wood

Stump (harvest)

Young stem (<10 cm)

Deadwood on ground

Forest roads

Land use categories

.

area, number of plots,
field crew, work time on
plot and cluster

area, number of plots,
stem numb, basal area and
volume (per ha, total, of
sample), average height,
volume and dbh of tree,
bark thickness, relation of
stump d. and dbh, relation
of tree height and dbh

longitud. inclinat.,
openness (total, primary
and secondary)

land-use category (forest,
other wooded 1., pasture,
other non-wooded,

line features

VARIABLES OF GROUPING
SPATIAL county forest area
. Forest Administr. bioclimatic zones
o< CRITERIA Administr of private f. substratum
<~ ¥ i nature protect. cat. forest type
S Y ’I cluster sample plot
NS /
~
A
\vl ,1; b MANAGEMENT own§rship, restrict. anq techn. of l.o.gging,
B L AND SITE SPEC logging distance, function, accessibility,
!y » ’ levationslope, exposit., relief, soil depth, litter.
, \’ l, cleva p > p b ] p ] s
o - I/‘( humus, rockiness, erosion, waste
/7 » 1IN\

STAND-
SPECIFIC

origin, manag. system, stand structure,
developm. stage, species composit., crown
coverage, quality, ground vegetation, damages,
naturalness, homogeneity, shrub layer,
regeneration (structure, quality, cause and

degree of damage)

TREE-SPECIFIC

tree species

group (main) species
origin of stemm
social status (layer)j
stem quality

bole damage

crown damage

crown defoliation
stem slenderness
number of tree species

diameter class (5cm)

age-class ( 5 year)

\ \
\ \
\ CLASSES diameter class (ext) age-class (10 year)
\\ diameter class (youngt.) age-class (20 year)
\ diameter class (deadw.) age (in 10 vears)
\
\
CRITERIA OF category pavement
ROADS R status
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Processing and calculation of derivative variables

-means of measured tree variables (height, dbh, stump diameter, bark thickness)

p =0
-modeled variables: h, =b,xed +13 d,;=0,78571+0,856509xd ,,
(felled trees) :

-derivative variables: standing felled
v, = Axd®xh, x f b o
tree volume 42 v, = Axd®x|b,xe ¢ +13| xf
= xhy x0,5
4000

k | m n Z NS
tree number perha Ng=> > | —™x10.000 N Iy

p=1 v=1 d=1 Pp i I |

: e dv’ x 7
asal area per ha GS:ZZZ %xl0.000 X40000

p

volume per ha N = Zk:zllzm: (%XI0.000)X(A x dv® x hv® x f)J

p

VpsS VPS
volume of annual felling per ha 1) vgs, = % 2) VgSs, = % 3) Vgs, = %
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stand, site and management -specific category variables:

a5s)
road density 0 o\ 2,25 ),

t
PS -

PS,. = 0D x PS,,,

estimation of carbon sequestration:

above ground biomass

|
SC 0= Z DZ, x pfb, x pfst, x Cst,
v=l

IS se
below ground biomass SCpg = ZZ (dZeI x pfb, x pfst, x kpn,, xCSt,)

v=l c=1

1 %5
dead wood SC, LY (vmdgl x pfstm,, x Cstmg,)

v=l f=1

|
forest litter SCy, = Z SsCref, x PSs,

v=l
forest soil SCy, = Z (sCref, xmf ; x PSt, ;)

s,d

S Y S CV x1
variability and estimation of mean values: P= i
n
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Results:
a) Forest area

b) Species composition
c) Tree description

d) Stand structures

e) Growing stock

f) Management features
g) Dead wood

h) Carbon sequestration
i) Stand regeneration

j) Health and vitality

k) Site characteristics
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3) Current situation

Institutional framework

legislation (forest law, 2006; regulations on NFl in RH, 2006)
forestry model
absence of coherent and consistent public forest service

national level forest resources assessment based on stand-wise inventory system
National system for international reporting

Increasing needs and requirements for NFl data
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4) Looking forward

2"d NFl during period 2017-2019

Remote assessment

aerial photo

higher quality delineation of forest and non-forest area and assessment of open
forest area (gaps, roads, water lines,...)

design of new field sample plots on areas cleaned from mines

design of temporary field sample plots

aerial photo assessment of OWL and OLWTC as separate categories

comprehensive landscape monitoring (1km x 1km grid) of all the national
territory



ZDADAIEY
g\ &I 777

NACIONALNA INVENTURA SUMA HRVATSKE
CROATIAN NATIONAL FOREST INVENTORY

Field assessment

new field sample plots on areas cleaned from mines

temporary field sample plots

inclusion of new tree-specific variables (e.g. age, growth class, height to the living crown
base, crown radius, tree assigned for felling)

more detailed procedure of assessment timber by stem quality and assortment

assessment of type of harvesting (regeneration fellings, thinnings, single stem and small

area felling , clear cuts, salvage fellings, natural losses
land-use change)

new stand variables (type/urgency of next silv. operat., stand stability, resistance, stress)

new site variables (ph-value of top soil, fire, snow movement, landslides)

assessments of site-, stand- and tree-specific variables on OWL and OLwWTC
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Changes estimation

volume increment calculation (method of concentric plot sample)
estimation of harvested volume (forest conversion to other land-uses)

estimation of land use change (area, growing stock, increment, drain)
single tree volume/biomass functions

nationally valid BEFs

upgrade of CP ANFORRES






