Db[li a The Mational Centre

N for Research and Development
orway
grants

Can we improve the accuracy of the land cover
classification by pre-selection of the reference samples
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One of the goals: (/l é |\K\)
 to developed the most accurate land cover map based on a time series of T SB ﬁlﬁjgww
Sentinel-2 data using machine learning approach. R
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Study area and land cover classes

Objectives:
» to develop land cover map,

» to assess the impact of reference data on the classification result,
» to assess the impact of the Digital Elevation Model on the accuracy of

classification.

The land cover classes:
* sealed surfaces,
» woodland coniferous,
* woodlands broadleaved,
* low vegetation,
* permanent herbaceous,
e periodically herbaceous,
* Mosses,
* non- and sparse vegetation,
* water,
* snow and ice.
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AR50 is the Norwegian medium-resolution land resource dataset, *f"Pt/amaltee (landtype) ARVEGET/ {open fand)
which covers the whole of mainland Norway, scale of 1:50 000. Y2lue tandtype Value Openland
Features in AR50 are polygons with attributes assigned according ,0 1o 0™ o
to the AR50 classification criteria. The primary classification iS 35  Forest 53 Lichen
using nine land types representing a combination of land cover so0  openland 54 Intermediate vegetation
and land use. The primary classes are built-up areas, agriculture, ig Z‘Ifat_bﬂg ; t ZZ :"g:“’l“s "’Ef‘“ﬂ“““
. aller and permanent snow OT relevan
forest, peat bogs, open areas, glaciers, fresh water, oceans and g, ¢, yater 95 Not recorded
not mapped area. The minimum mapping unit for the primary s  ocean
classes in AR50 is 1.5 hectares. 98 Notmapped
AR5 iS a more detailed VerSion Of the ARSO database and ARSKOGBON/skoghonitet (forest site class) ARTRESLAG/treslag (tree type)
includes land cover information below the tree line. Value Forestsite class Value Tree type
18 High/particularly high productivity 31 Coniferous forest
. . 13 Medium productivity 32 Deciduous forest
Reference pOIntS 12 Low productivity 33 Mixed forest
o : 11 Mon-productive 39 Mot forested
pOIntS Created randomly’ Q8 Mot relevant o8 Mot relevant
« an internal buffer of 10 m and 20 m for water was applied, 99 Notrecorded 98 Not recorded
« proportions: 2 points per km?, ARIORDBR /jordbruk (agricultural) ARDYRKING/dyrkbariord (arable land)
« minimum of 20 m distance between points, Value Arable land Value Arable land
L. . 24 Fully and surface cultivated land 81 Mon-cultivable soil
« minimum of 200 points for one class on one granule, 5 pasture-land &2 Cultivable soil
k3 Mot relevant o8 Mot relevant

« points divided into: 60% training and 40% verification.
o0 Mot recorded o9 Mot recorded



Problematic land cover classes

Mosses
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. and cover classification Norway &3
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Land cover classification:

Data — set of cloud free Sentinel-2A and -2B images captured between end of April and September
2018 and 2020.

Clarification was carried out using the Random Forest machine learning algorithm. P pgthon "
The analyses were carried out in the Python programming environment.

The stability of the classification model was assessed using iterative accuracy assessment (iteration
100 times). (" ixiramazon )

¥ webservices J
Analyses were performed in cloud computing environment Amazon Web Services (AWS).

After preliminary analyses, a Digital Elevation Model was included in the classification.

Digital Elevation Model:

Shuttle Radar Topography Mission data (SRTM) is available from 56°S to 60°N.

The freely available Digital Elevation Model was used for continental Norway with a spatial resolution of 10 meters,
provided at geonorge.no.
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Reference dataset , Merge Digital Elevation
Sentinel-2
AR50 ARS Model
32VNM
Non-verified
stratified reference . Verification
samples |
Verified stratified
reference samples
Stepf1la Stepllb
Random Forest Random Forest Random Forest | - Random Forest
classification classification classification classification
. et
! Accuracy assessment, Accuracy assessment, | Land cover map Land cover map
: Land Cover map Land Cover map . | Accuracy assessment Accuracy assessment
: Comparison ' | Error matrix ::> Error matrix
Feature importance Feature importance

Comparison
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Histogram analysis — locating and removing points Norway
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AR50 legend
B Built-up area Intermediate vegetation
B Coniferous forest Vigorous vegetation
s Deciduous forest Pasture-land
= Mixed forest Fully and surface

cultivated land

Other open land
Peat bog
Lichen
I Sparse vegetation
B Fresh water
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a, e, i — Non-verified stratified
reference samples
(step 1a)

b, f, | — Verified stratified reference
samples (step 1b)

C, g, k- AR50
d, h, | - Ortophoto © Norge digitalt



Classification accuracy

61°

59930/

59°

58°30°

" OA: 82

Kappa: 76

%4 F1 score: 71

o OA: 82

Kappa: 76
F1 score: 70

Sentinel-2

9°30' 10°30"

10°

OA: 85
Kappa: 80
F1 score: 72

OA: 88
Kappa: 81
F1 score: 73

OA: 92
Kappa: 89
F1 score: 69

11°

ll“l}O‘

OA: 88
Kappa: 79
F1 score: 74

OA: 87
Kappa: 80
F1 score: 67

OA: 88
Kappa: 80
F1 score: 76

12® 12°30'

60°30

59°30'

59°

58°30°

30—

Norway
grants
Sentinel-2 + DEM
s e "\d\ N
32VMN V\ 32VNN || 32VPN
"I OA: 85 OA: 87 OA: 92
.ﬂKappa:77 Kappa: 83 Kappa: 86
_ é' F1 score: 82 N F1score: 77 F1 score: 78
INET * o
b ——— &
32VMM \)l\ 32VNM 32VPM
*15] oA: 87 OA: 89 OA: 87
| Kappa: 82 Kappa: 83 Kappa: 80
F1 score: 73 Flscore: 77 F1 score: 66
j;d ’
32VNL 32VPL
, ~ OA: 93 OA: 89
g = Kappa: 90 Kappa: 81
(% F1 score: 69 F1 score: 76
b

13°

d

61°

60°30"

59930

59°

58°30'



T

Norway a
grants

Variable importance

Stability of each classification model varied from 1 to 3 percentage points.

Mean variable importance from all classifications

Sentinel-2 Sentinel-2 + DEM
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Land cover classification Viken 2018 1 2020
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» The smaller the scale of the reference data, the less accurately the reference points will be located.

* The rate of generalization of reference data affects the accuracy of classification.

* Itis important to know the land characteristics and land cover class definitions in the reference databases.
» During Sentinel-2 data selection the phenology sholud be taken into consideration.

« Heterogeneous classes are more difficult to classify.

« Eliminating mislocated points increases the overall accuracy of the classification.

 DEM increases the accuracy of the classification and is the most informative variable used in classification.

» By adding DEM the accuracy for classes located at higher altitudes increased from 4 to 8 percentage points.

The impact of selection of reference samples and DEM on the
accuracy of land cover classification based on Sentinel-2 data
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