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S Background

The most important issue in ground based wood extraction is to
minimize the soil damage

COMPACTION RUTTING
S T B T
: physical parameters :: manual survey of soil profileat | gz g
' (soil core samples or instruments ! intervals along the skid trail B
: penetrometer and scissometer) 1 | 'g §

1"\ Subgrade

Weak subgrade or underlying laye
deformation

Still a few studies are related on the soil impact assessment b




¢ Investigate the impact on soil caused by forest
logging

** Determination of soil compaction with traditional
systems and rutting with Proximal Remote Sansing
by PLS
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v' Appennine area — Vallombrosa forest (central Italy) V LA sd|
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v’ even-aged conifer stand of Abies alba (Mill. 1759)

March 5, 2015 = windthrow caused by the storm

June, 2016 - forest logging operation were carried
out in the stand
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Test set-up
Trails Total length Slope Forest Number of Total
(m) (%) vehicles  passes of forest number of
vehicle passes
Harvester 3
1 115 3 Forwarder 31 34
2 90 37 Forwarder 37 37
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Forwarder 1410D - John Deere Harvester 1270E - John Deere



Experimental design
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Ml PLS data acquisition

ZEB 1 Personal Laser Scanning (PLS)

Data Acquisition Speed: 43,200 points/sec 3D
Measurement Accuracy: +/- 0.1% (typically)
Maximum Range: up to 30 m (15 m outdoors)
Laser Safety Class: class 1 Eye

Safe Angular Field of View: +270 x =100
degrees Weight of Scanner Head: 665 g
Dimensions of Scanner Head: 60 x 60 x 360
mm

Technology system: SLAM

ZEB walking scan acquisition GEOSLAM technology — on-line pre-processing

Six permanent spherical target were fixed outside the trail

Leaved until the end of the study in order to co-register the acquired
data before and after logging operation.
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( Image processing

Acquisition before and after logging ?

SCAN 1 - Acquisition of

undisturbed DTM M

Target to coregister model

SCAN 2 - Acquisition of DTM
after logging operation

Target to coregister model

Coregistration
The two SCAN

Average scans acquisition time = 7.5 minutes
Average pre-processing cost = 26 Euros; 32 USS




Compute difference

A DTM = DTM1-DTM2 (Cm)

RISOLUZIONE RASTER = 0.5 cm
Volume=A DTM x 0.5x0.5
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i3 1. Results — Soil physical parameters

Penetration resistance (MPa)

Bulk density (g/cm?)
Trails  Control Within Beside
tracks tracks
0.78+0.07 1.83%0.06 1.35+0.04
1 a b C
0.79+0.06 1.86+0.07] 1.76%0.08

3 b

C

SIGNIFICANT STATISTICAL

Control Within
tracks
0.36x0.04 0.53+0.03
a b
0.37+0.05 0.55+0.04
a b

Beside
tracks

0.48%£0.02
C

0.48+0.02

C

v'Before and after logging

v'Within and beside trails



Results — PLS (Trail 1)
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Parameters Values

yﬁ-;,,z, Average rut depth (cm) 24
L Area (m? 100m™1) 1047
Ruts volume (m3 100m1) [1] 5.49
Bulges volume (m3 100m™1) [2] 3.53

Total change of volume (m3® 100m™1)[1]+[2] 9.02
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Results — PLS (Trail 2)

-60-40-20-5 5 20 40 60

+40 - +60
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-60 - -40

Average rut depth (cm)
Area (m? 100m™?)
Ruts volume (m3 100m™1) [1]
Bulges volume (m3* 100m™1) [2]

Total change of volume (m3® 100m1)[1]+[2]

Parameters Values

42
589
5.90
3.64
9.54
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Summarizing...

Soils damage registered in the two trail

- slope

+ slope

-passes + passes
- Ruts + Ruts
- bulges + bulges
- soil physical + soil physical
parameters parameters



Conclusions

Rutting and soil compaction are problems associated with forest
management.

— may results in soil erosion
— good criterion for forest managers to
assess soil damage.

. Ruttlng due to |Ogg|ng

—>fast, precise and accurate measurement;
PLS technology ~2image multitemporal very high resolution;
—>spatial assessment of soil displacements.

FOR SOIL IMPACT
SOIL SAMPLING + PLS * ASSESSMENT/DISPLACEMENT
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