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1) Introduction
a large‐scale forest survey (1948‐1952)

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

decision to carry out 1th NFI 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 NFI in RH (2006)

since 1990 the State GFMPs (1996, 2006) based on stand‐wise inventory
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Pilot project of NFI: testing of IOP of NFI RH, (July – December, 2005)

Ideological and operative plan (IOP) of NFI in RH (February – May, 2005)

1) Introduction

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

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

1km x 1km grid

1 4

5

16

9

876

32

151413

121110

Sampling design and preparation for ground survey

4 km
4 

km



NACIONALNA INVENTURA ŠUMA HRVATSKE
CROATIAN NATIONAL FOREST INVENTORY

Random selection of 1km x 1km 
square (position of cluster) 
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Design of field sample plots

4 km Cluster square
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Preparation of background maps and information

Map 1:100,000 scale for general cluster location and work plannng

Map of cluster (1:10,000 scale)
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-Suunto kompas (360º);
-Trimble GPS uređaj za kartiranje s dodatnim baterijama;
-“Vertex” visinomjer/daljinomjer (komplet s dodatnim

baterijama i punjačem);
-Širokokutni digitalni fotoaparat;
-Dalekozor;
-Mobitel;
-Promjerka s mm podjelom za velike promjere (100 cm);
-Promjerka s mm podjelom za male promjere (30-40 cm);
-Samonamatajuća mjerna vrpca za mjerenje opsega stabala;
-Metalni mjerač dubine tla;
-Mjerač debljine kore;
-Zadirač za trajno označavanje stabala koja se mjere;
-Pocinčani klinovi (20-30 cm) za trajno obilježavanje

središta plohe (četiri klina po traktu);
-Stativ za kompas, visinomjer i foto kameru, trasirke;
-Plastificirane obrojčane oznake za privremeno

obrojčavanje mjerenih stabala na plohi;
-Uljana boja i četkica za postavljanje trajnih oznaka; 
-Sjekira, mačeta;
-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;
-Priručnik za terensku izmjeru;
-Ruksak (nepromočivi) za mjerne instrumente i obrasce;
-Torba za prvu pomoć;
-Baterijska svjetiljka;
-Terensko vozilo.

Equipment of field crew:
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-kamionski put 
-šuma s obje strane 
-3-5 m širine 
-asfaltni 
-bez oštećenja 

-traktorska vlaka 
-šuma s obje strane 
-nema kolovoza (zemlja) 
-lakša oštećenja 

Assessments on cluster square

1,932 clusters (25 variables)
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r=25 m

Assessments on base 
(“interpretat.”) plots (r = 25 m)
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6,232 plots (50 variables)

25,943 young (<10 cm) trees (4 variables)
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r=20 m (dbh≥50 cm)

Assessments of trees, 
stumps and dead wood

r=13 m (dbh≥30 cm)

r=7 m (dbh≥10 cm)

r=3.5 m (dbh5-10 cm)

N

E

5,709 groups of concentric c. plots

75,032 live standing trees (20 variables)
3,481 dead standing trees (9 variables)
5,578 stumps (6 variables)
11,942 dead laying trees      (5 variables)
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Assessments (delineation) of forest area (classification of satellite images)

13 scenes IRS P6 LISS III multispectral satellite images
resolution: 20 m
scene size: 140 km x 140 km 

ORTHORECTIFICATION OF S. IMAGES

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

→ Digital ortophoto (DOP)
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DOP characteristics:

Satellite, sensor: IRS‐P6, LISS‐III
Spatial resolution: 20 m
Format: 4‐channel TIFF
Coordinate system: Gaus‐Krüger, 
5th zone
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Classification forest / non‐forest (forest border delineation and forest area 
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) 

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) 

C a t e g o r y 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

Computer program
CRONFI  ANFORRES G I S

Integration of field assessed data

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

(data table)

“intersection” of
available
spatial layers

A) Administrative units

1. Republic of Croatia
2. Counties (21)
3. Forest Administrations (16)
4. Administr. of Private Forest Service (10)
5. Nature protection (NP, FP,)

B) Forest management

1. Forest border (classification forest/non‐forest)
2. Stratums (5 bioclimatic zones)
3. Forest categories (5 categories)
4. Forest types (16 forest types)

1,440,633
polygons

DATA TABLE
‐area and spatial belonging of several  
polygon,
‐data of spatial belonging of field sample 
plot

SPATIAL FORMAT OF INTERSECTIONS
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Županije
Uprve šuma Podružn.Podružnice ŠSS-eBioklimatske zone
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Data processing and reporting

(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 (*.xls) files
‐module for inquiry creation and report of results

Computer program CRONFI ANFORRES
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 MAIN INQUIRY WITH OUTPUT VARIABLES VARIABLES OF GROUPING

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 l., pasture, 
other non-wooded, 
line features 

SPATIAL 
CRITERIA 

MANAGEMENT 
AND SITE SPEC. 

 

STAND-
SPECIFIC

 

TREE-SPECIFIC 

CLASSES

CRITERIA OF 
ROADS 

county                               forest area 
Forest Administr.              bioclimatic zones 
Administr of private f.       substratum 
nature protect. cat.             forest type 
cluster                               sample plot

ownership, restrict. and techn. of logging, 
logging distance, function, accessibility, 
elevationslope, exposit., relief, soil depth, litter, 
humus, rockiness, erosion, waste

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 species                     bole damage
group (main) species        crown damage 
origin of stemm                crown defoliation 
social status (layer)j         stem slenderness  
stem quality                      number of tree species 

diameter class (5cm)          age-class ( 5 year) 
diameter class (ext)              age-class (10 year) 
diameter class (young t.)     age-class (20 year) 
diameter class (deadw.)       age  (in 10 years) 

category             pavement
type                    status 
width          
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Processing and calculation of derivative variables

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

‐modeled variables:
(felled trees)
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stand, site and management ‐specific category variables:
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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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legislation (forest law, 2006; regulations on NFI in RH, 2006)

3) Current situation

Institutional framework

absence of coherent and consistent public forest service

forestry model

national level forest resources assessment based on stand‐wise inventory system

National system for international reporting

Increasing needs and requirements for NFI data



Remote assessment

aerial photo

aerial photo assessment of OWL and OLwTC as separate categories

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

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

4) Looking forward
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2nd NFI during period 2017‐2019

design of new field sample plots on areas cleaned from mines

design of temporary field sample plots
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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)

assessment of type of harvesting (regeneration fellings, thinnings, single stem and small 
area felling , clear cuts, salvage fellings, natural losses
land‐use change)

more detailed procedure of assessment timber by stem quality and assortment

assessments of site‐, stand‐ and tree‐specific variables on OWL and OLwTC

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)
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Changes estimation

upgrade of CP ANFORRES

volume increment calculation (method of concentric plot sample)

estimation of harvested volume (forest conversion to other land‐uses)

single tree volume/biomass functions

estimation of land use change (area, growing stock, increment, drain)

nationally valid BEFs




