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Our research aims to compare the vegetation renewal of Karst woodland and
pine forest in an area damaged by a fire occurred in July 2003, with the natural
evolution of the same vegetation typologies in unburnt areas
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Characteristics of Karst environment:;

® rainy winters and relatively dry summers, extremely
short spring and autumn

® discontinuous elevation

® predominant presence of carbonate rocks

® shallow solils, poor in humus and often moderately
productive

® scarce presence of superficial water
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In the study area two forest
typologies are prevalent:

the Karst woodland (Ostryo-
Quercetum pubescentis)

the black pine (Pinus nigra)
planted forest
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A forest fire
occurred in this
region on 29th
July 2003,
burning an area
of 10.45 km?
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Generally severe fires cause almost total disappearance of vegetation cover
and an hydrophobic soil condition, with consequent erosion risk due to
superficial run-off

A forest |mmed|ately after a fire o Spontaneous vegetatlon renewal
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v USGS Global Visualization Viewer

Cofllection Resolution MapLayers Tools File Heip In Order to fO”OW the
: : Downloadable —] <] evolution of the

& vegetation in the
burnt areas, we used
a series of multi-
temporal Landsat
images (2003-2009)
from Landsat 5 TM
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In remote sensing analysis, NDVI (Normalized Difference Vegetation Index)
IS the most commonly used green biomass index. It is calculated using the
reflectance in the Red and in the NIR (Near Infrared) bands

A second index called NDWI (Normalised Difference Water Index) is
sensitive to leaf water content and soil humidity. NDWI is calculated using
the NIR (Near Infrared) and the SWIR (Short Wave Infrared) bands
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Data handling with | Application of gvSIG in a study related to forest fire monitoring | @

gVSIG and = "v‘ ?"““- S q.}‘ -._:"‘:' F ; " = i ZAVOSI?_(%%E'&)UZEOVE
: : { S TR R ~ sr

SeXtante S AR i\; _ Hz, e 7 : . et 2+ 3 | | Fire area

Burnt Karst woodland

® importation of the
fire area polygon
and land cover data

Natural Karst woodland
Natural pine forest

Burnt pine forest

® individuation of 4
polygons: a burnt
and an unburnt
Karst woodland, a
burnt and an
unburnt pine forest

NDVI_030817.tif

W<$>E Chilometri (Km) y
S i a4
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® importation of Aster DEM image
(15 m resolution) and calculation of
aspect and slope images

&

& SEXTANTE - 239 Algorithms

SEXTANTE

= -Algorithms

+-Analysis tools for raster layers

-Basic hydrological analysis
-Basic tools For raster layers
~Buffers
~Calculus tools for raster layer Rarameters | Raster output
~Cost, distances and routes
~Focal statistics
~Fuzzy logic Elewation DEM. if w

Raster layers

B8 oroy IS oroy Oy OB oy OO oy Oy B B

~Geomorphometry and terrain anall

DOptions
----- £ Anisatropic coeFficiert of wvariati
..... {ﬁ} Bspect Lnits
""" 4 Convergence index Methaod Maxcimurn Triamgle Slope (Tarboton 1997)
----- {ﬁ} Zurvatures
----- 4% Elevation-relisf ratio Dbl =i
""" 4 Hypsometry Aspeck[r aster] [Save ko kempoararsy file] [I]
----- £ LandForm classiFication
----- 4% Protection index
----- 48 Real area
..... {ﬁ} Slape

~Geostatistics

~Image processing

~Indices and other hydrological par
~Local statistics

~Location/allocation
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e calculation of the vegetation indices
I . NDVI and NDWI with bands 3, 4 and 5
R SXTANTE - 235 Algorithm: d of the Landsat images, from 2003 to

~Indices and other hydrological parameters
~Local statistics 2009
~Location/allocation
-Pattern analysis
-Profiles
-Raster creatlon tools
-Rasterization and interpolation
-Reclassify raster layers Raster layers
-statistical methods
-Table tools
-Tools for categorical raster layers Fed band 1
-~Tonls for line layers ) —

) Mear infrared layer v
-~Tonls for point layers
-~Tonls for polygon layers Mear infrared band 1 w
-Tools for vector layers
-Yectorization
-Yegetation indices Fesult[rasker] [Save to tempaorary File] [:]

Faramaters | pasker oukput

Fed layer B3 _04,kif

Output objects

----- 45 PYTiPerry and Lautenschlager)
----- 455 PYT(Gi et al)

----- £ PYI{Pichardson and Wiegand)
----- 4% pvIPWalther and Shabaani)

20817.wif", 1, "B4 030817.wif", 1, "#") 8].4 ” Cancel ]B
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® calculation of some statistics (mean,
maximum, minimum and variance) of NDVI
and NDWI indices in the 4 polygons

@& SEXTANTE - 239 Algorithms

-Inage processing
-Indices and other hydrological parameters
-Local statistics

~Location/allocation

-Pattern analysis Grid statistics in polygons

‘Profiles Parameters |

-Raster creation tools

i-Rasterization and interpolation [ Rastes layers

j-Reclassify raster layers I ;

. Statistical methods Grids | 1 element selected L.

i-Table tools ¥ector laver
i-Tools for categorical raster layers
j-Tools for line layers

i-Tools for point layers Output objects
|-Tools for polygon layers

: 5% Adjust n point to polygon

{D:} Centroids

488 Count points in polygons

{,5,"3 Gearnetric properties of palygan

8% Grid statistics in pol ;
%‘ e fid  |[PovRS_sum || oDsEk  |[Ava_WEWI_D |[vAR_MNDYI_O [ MIN_MDVI_O |[MAX_NDYI O |
- l86.76 010094 0.01773 0, 02041 0.2 o5 |

{D:} Poink stakiskics in polgons
&% Palygons to polylines

4% Remove holes = o
8% Symmetric difference 0 [ 1 Tokale reqgistri selezionati.

{D:} Union

; [ "C:%hdati geograficilhstat burnt pine!) | ok ] ’ Zancel ] E]
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Paolygons Iéurnt_ pin_e"ﬁiresl: v|

N S

Polygons[vertor] | Ciidati_geograficiistat_burnt_pine Y

@ Tabella: Tabella degli attributi: Burnt pine forest
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NDVI 16th July 2003 Before the flre | NDVI 17t August 2003 — After the fire

The damage caused by fire on both vegetation typologies leads to a strong
signal loss in the Near InfraRed (NIR) and a decrease of NDVI value, due to
leaf tissue degradation.
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Comparison of the NDWI mean values before and after the fire

NDWI 16t July 2003 Before the flre | NDWI 17t August 2003 — After the fire

Leaf tissue dehydration and the development of a hydrophobic soil layer are the
main causes of reflectance increase in Short Wave InfraRed (SWIR) and of the
consequent decrease of NDW!I value.
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Karst woodland NDVI

Signs of recovery for both vegetation
typologies start appearing since
spring 2005 (2 years after the fire).
Soss N\ NDVI differences between the burnt
% and the unburnt areas consistently
0zs — ) decrease in 2008 (5 years after the
( fire).
© burnt karst woodland © natural karst woodland Pine forest NDVI

0,60

So the current photosynthetic activity
and CO, balance could be considered
similar to those before the fire, although
the vegetation structure, verified during
a field trip (May 2009), still differs.

0,20

0
2003a 2003b 2004 2005 2006 2007 2008 2009

‘O burnt pine forest ‘O natural pine forest

=
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Pine forest NDWI

The NDWI trend suggests that the
humidity content of leaves and soill
returns to “normal conditions” when the
vegetation cover is regenerated,
although the structure of the forest is
still different.

NDWI

Karst woodland NDWI

535 i 2003a 2003b 2004 2005 2006 2007 2008 2009

0,23 © burnt pine forest ¥ natural pine forest

0,15

0,08 )

Just after the fire (August 2003) and
one year later (2004) the soil water
absorption was very low. This could be
due to the lack of vegetation and to the
formation of an hydrophobic sheet

o ——————————————————  gbove the superficial soil layer, that
blocks the water infiltration.

NDWI
o

-0,08

-0,15

-0,23

© burnt karst woodland © natural karst woodland

\Z)
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Comparison between cumulated rain data (60 days) and NDVI values

i § 300+ rl
The rainfall histogram and the | - s
green lines (unburnt areas) g —— 06
have a similar trend, while the Sg = ot
trend is different for the burnt ] = -
areas (red lines). = 0

F = --02
Meteorological conditions in 0 S ‘ ‘ ‘ ‘ ‘ 04
2003a 2004 2005 2006 2007 2008 2009
2003 were extreme: summer Years
temperatures Were espeCIa”y [ Tota rainfal mm (60 == Burnt Kar st woodland == Natural Kar st wood -
high, with scarce precipitations. ) NDVI landNDVI
300+ rl

& 250 —~—— -08 Mean temperature May-August

'5 Y: N +06 o5

8 2001

g r04

E | s

F 10 \/ . % oo 24

g w0 --02 %

0 \ \ ‘ ‘ ‘ ‘ ‘ -04 § 23 ¢
20082 20080 2004 2005 2006 2007 2008 2000 ’ S
Years E
22

[ Tota rainfal mm (60 == Burnt pineforest =@=Natur a pineforest
v o vyl 2003 2004 2005 2006 2007 2008 2009 .
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Comparison between cumulated rain data (60 days) and NDWI values

300 - 04
~ 250 +03
. V& Zji
The NDWI index of the burnt E 1] o 3
areas (red lines) drops % 0] ot
Immediately after the fire and . ~ 0
T . 03
starts climbing again 2 years . | | | | | | | N
|ater_ 2003a  2008b 2004 zoosYeaS 2006 2007 2008 2000
This suggests that the soil in T rartallmm (G0, = B Kar st voodan] S et et wond -
the burnt areas has difficulties
In absorbing rain water - 20| 03
(hydrophobic layer); this is g 0 - -
particularly evident for the pine £ /\ L, 2
T zZ
forest. E o) / 01
° L-02
° = \ 03
N
0 2008a  2008b 2004 2006 2006 2007 2008 2000 o4
Years

[0 Tota rainfal mm (60 == Burnt pineforest =@=Natura pine for est
days) NDWI NDWI
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Values of U-Mann Whitney test applied to the NDVI and NDW!I indices of two _P
random sampled areas for each year (2003-2009), comparing burnt and
unburnt areas for both vegetation typologies

(U-Mann Whitney indices (U) with two-tailed probability (p). In red non-significant differences. 2003a before the
fire, 2003b after the fire)

NDVI 2003a 2003b 2004 2005 2006 2007 2008 2009

Karst woodland U 742.0 106.0 0.0 44.0 64.5 140.0 173.0 328.0
0.580 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Pine forest U 268.5 0.0 0.0 5.0 75.0 183.0 550.0 602.5
p 0.000 0.000 0.000 0.000 0.000 0.000 0.237 0.543

NDWI 2003a 2003b 2004 2005 2006 2007 2008 2009

Karst woodland U 722.5 78.5 22.0 63.0 107.0 108.5 436.0 156.0
0.459 0.000 0.000 0.000 0.000 0.000 0.000 0.000

0.0 0.0 0.0 163.0 45.0 656.5 39.0
0.000 0.000 0.000 0.000 0.000 0.987 0.000

Pine forest U
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NDVI 2003a 2003b 2004 2005 2006 2007 2008 2009
Karst woodland U 742.0 106.0 0.0 44.0 64.5 140.0 173.0 328.0
p 0.580 0.000 0.000 0.000 0.000 0.000 0.000 0.000

® Before the fire (2003a) the NDVI difference is not significant, confirming the expected
similarity of the green biomass of the two woodland

® The NDVI values of the burnt and unburnt Karst woodlands are always significantly
different after the fire (from 2003b to 2009)

NDVI 2003a 2003b 2004 2005 2006 2007 2008 2009
Pine forest U 268.5 0.0 0.0 5.0 75.0 183.0 550.0 602.5
p 0.000 0.000 0.000 0.000 0.000 0.000 0.237 0.543

® The NDVI values result significantly different already before the fire (2003a), probably
because of the slope (29.76%) of the unburnt pine forest that does not allow an abundant
growth of the vegetation cover

® The differences become not significant in 2008 and 2009, meaning that the quantity of
green biomass in the burnt pine forest has reached the value of the unburnt one
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o 3N AR A A
NDWI 2003a 2003b 2004 2005 2006 2007 2008 2009
Karst woodland U 722.5 78.5 22.0 63.0 107.0 108.5 436.0 156.0
0.459 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Pine forest U 141.0 0.0 0.0 0.0 163.0 45.0 656.5 39.0
0.000 0.000 0.000 0.000 0.000 0.000 0.987 0.000

® NDWI statistical results are very similar to those of NDVI, except for the pine forest in

2009

® [For the pine forest in 2009, the NDWI difference is significant, probably because the

amount of rainfall was low and the vegetation cover is still on a developmental stage
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Conclusions

« The consequences of the forest fire occurred in the study area in 2003
have been studied through free multi-temporal satellite images

. Using gvSIG, an open source software, it has been possible to analyze
satellite images and rapidly obtain useful results for ecosystem monitoring

« NDVI and NDWI indices have been calculated to detect the time needed for
the vegetation to recover after the fire

« According to the statistical analysis the whole study period (six years) is
iInsufficient to reach the original NDVI and NDWI values, however from the
values trend it can be assumed that this will happen in the next few years

. In ecological terms, although the vegetation has not achieved its original
structure, 5 years after the fire, it can already accomplish some of its
biological roles such as photosynthetic activity, CO, and water absorption
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Field trip to the burnt area
under the guidance of the
Slovenian forest authority
personnel (21/5/2009)
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The difference between the
burnt and the unburnt areas is
still evident today (yellow line)

In the burnt
areas the
Slovenian forest
authority began
In 2004 a
restoration
program: some
zones have been
planted and other
seeded




, 3 y 4 de diciembre de 2009
o rn de eventos. Feria Valencia

E:INFRM ITAT VALENCIANA

CONINLLENIA D' INTRARETROCTONIN | TRANNFOET

TR L
[T PrET = T

The inception of this
research was the
university course
“Laboratory of
biomonitoring by
remote sensing”
held at the
University of Trieste
in 2009
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