Detection of Tree Cutting in the
Rangelands of North Eastern Somalia
Using Remote Sensing

Project Report No L-15

. March 2009




The designations employed and the presentation of material in this information
product do not imply the expression of any opinion whatsoever on the part of the
Food and Agriculture Organization of the United Nations and the SWALIM Project
concerning the legal status of any country, territory, city or area of its authorities,
or concerning the delimitation of its frontiers or boundaries.

This document should be cited as follows:

*Qduori, S. M., *Vargas, R. R., *Osman, A., **Rembold, F. 2009. Detection of
tree cutting in the rangelands of North Eastern Somalia using remote sensing.
Technical Project Report L-15. FAO-SWALIM, Nairobi, Kenya.

* FAO-SWALIM, Nairobi, Kenya.

** EC—JRC, lIspra, Italy.



TABLE OF CONTENTS

2.1
2.2
2.3
2.3.1

2.3.2

2.3.3

2.3.4

2.3.5

2.3.6

3.1
3.1.1

3.1.2

3.1.3

3.1.4

3.2
3.3

INTRODUCT LON . ettt ettt ettt e e e e aanes 1
MATERIALS AND METHODS ... 5
Y (L0 |V Y == T 5
Y= =T g = P 8
1] 1 o T £ P 8

Definition of the sampling scheme: area frame sampling ...9
Selection of the satellite images........ccovevviiiiiiiinnnnn... 10
Mapping trees using visual image interpretation ............. 11

Mapping trees using automatic detection/classification .... 12

2.3.4.1  BacCKgrOUNG ...ttt e e eaan 12
2.3.4.2 IMNAgE PrOCESSING - uutntet ettt ettt ettt e e et e e e e e aeeaneenenn 13
2.3.4.3 Multitemporal analySis ......c.oviiiii i 15
Field validation of preliminary tree densities .................. 16
Change detection of trees (2001-2006) .......cccevvieennnnnn. 17
RESUL TS Lottt ettt et et 19
Tree density maps from visual interpretation............cccovviiiiiiiiinnnnann.. 19
Tree density by settlement frames ...........coviiiiiiiiniae 20

Tree count means related to distance from Baraagtaqol... 28

Final tree COUNTS .. .eiiii e 29

Overall tree identification SUCCESS........cviveviiiiiiiiiiiinenns 30
Tree maps from automatic detection .........oovviiiiiiiiii i 31
Rate of tree density Change .....cccooiiiiiiii e 34
CON CLUSION S . Lttt eeas 35
BIBLIOGRAPHY . 37
ANINEXE S . . ettt aeaaans 39



LIST OF FIGURES
Figure 1: Charcoal production in Somalia (Source: a) FAOSTAT; b) Baxter, 2007)

Figure 2: Tiger bush map for Somalia. (Source: Paron and Goudie, 2006). The
grey colours identify the five different types of tiger bush. The capital letters A, B

and C identify the main areas of presence of tiger bush. ..., 3
FIgUre 3: The StUY Gl@a......uiiiiieiiie et ettt et et e e e e e eaae e aaneeann 5
Figure 4: Land cover map of the study area.........ccoviiiiiiiiiiiiiiiiiiii e 7
Figure 5: Methodological framework ........... i 8
Figure 7: The Tree Counting sampling Frames........ccooiiiiiiiiiiiiiiiieiieeeaenn 10
Figure 8: The Photo interpretation Key ........oooeiiiiiiiiiiiii i 11
Figure 9: Results of the tree detection analysis shown as contours on a small
subset of the pansharpened Quickbird image ..........cooeiiiiiiiiiiiiiiiiii e 15
Figure 10: Results of the tree detection analysis on the lIkonos image of 2001
(left) and the corresponding image of 2005 (right).....cccvviiiiiiiiiiiiiiiieeaee 16
Figure 11: Map of tree densities for Baraktaqol ...........c.ccooiiiiiiiiiiiiiiiiiannnn, 19
Figure 12: Tree counts in image sampling frame 1 ........ ..., 20

Figure 13: a) Wardheer area in December 2001, b) Soil Bunds in Wardheer Area
in September 2006 (Vegetation around bunds includes Andropogon Kkellery,

Chrysopogon aucheri and Others). ..o e e 21
Figure 14: Tree counts in image sampling frame 2 .........cccviiiiiiiiiiiiiiiennn.. 22
FIgure 15: INCrease iN TrEeS ..ouuuiii ittt ettt e e e e rannees 22
Figure 16: Tree counts in image sampling frame 3 ... iinne.. 23
Figure 17: Tree counts in frame 3B ......oiiiiiiii i e anees 23
Figure 18: Tree counts in image sampling frame 4 .........cooviiiiiiiiiiiiiiiiinnnn. 24
Figure 19: Tree counts in image sampling frame 5 ..., 25
Figure 20: Tree counts in image sampling frame 6 ..........cccoiiiiiiiiiiiiiienann... 26
Figure 21: Multi-year satellite Image Interpretation - Baraagtaqol ................. 26
Figure 22: Tree counts in image sampling frame 7 ..., 27
Figure 23: Tree counts in image sampling frame 8 .........cccviiiiiiiiiiiiiiniinn... 28
Figure 24: Tree count means with distance from Baraagtaqol........................ 29
Figure 25: Overall tree density for the IKONOS and Quick Bird counts............ 30
Figure 26: Results of the automatic detection (in red) and the visual
interpretation ( in green) for a small subset of frame 8............ccoiiiiiint. 32

LIST OF TABLES

Table 1: Tree counts in frame QL. et eeeeeeeeeeeeeeaeeaes 20
Table 3: Tree counts iN frame O3 ... ... e eaaaaaeeeens 23
Table 4: Tree couNts iN frame O ... ... e eeeeeeeeaeeaens 24
Table 5: Tree counts in frame 05 ... .. e eeeeeeeeeeeeeaes 25
Table 6: Tree counts iN frame O6..... ... e eeeeeeaeeaens 26
Table 7: Tree CoUNtS iN fram e O ... .. e eeeeaeeaes 27
Table 8: Tree counts iN frame O8.......ooiiiieiiiii e aaaaeeeens 28
Table 9: Overall tree counts for the IKONOS and QUICKBIRD images ............. 29
Table 10: Overall average identification success for trees sited on the images . 31
Table 11: Tree densities over the two time periods (2001 and 2006).............. 34



Acknowledgments

The authors wish to acknowledge the considerable support given by the Joint
Research Centre (JRC) of the European Commission (EC) for providing the high
resolution satellite images (IKONOS and Quick Bird) for this study and in
particular to Andrea Baraldi (JRC staff at the time of this work) for his precious
inputs in the development of the automatic tree detection procedure.

We wish to thank the Somali surveyor, Mr. Ali Ahmed Omar who efficiently
carried out the fieldwork.

We also wish to acknowledge the immense contributions from our colleagues at
FAO-SWALIM in different areas. Lastly we thank the Chief Technical Advisor of
FAO-SWALIM, Dr. Zoltan Balint for his technical and administrative support.

Copyright

Image property EC Services, JRC.

Ikonos © European Space Imaging, EUSI 2001 and 2002

Quickbird “Distributed by EURIMAGE S.p.A. © DIGITALGLOBE” 2005 and 2006



LIST OF ACRONYMS

AFS — Area Frame Sampling

EC — European Commission

FAO - Food and Agriculture Organisation

GIS — Geographic Information Systems

GPS — Global Positioning Satellite

JRC — Joint Research Centre

MOI — Materials of Interest

NGO — Non Governmental Organisation

NOAA — National Oceanic and Atmospheric Administration
SWALIM — Somalia Water and Water Information Management
UNEP — United Nations Environment Programme

VHR — Very High Resolution





