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Acronyms 

 

ALOS Advanced Land Observation Satellite 

BA Basal Area 

CB Certification Body 

DBH Diameter at Breast Height 

DEM Digital Elevation Model 

EO Earth Observation 

FBD Fine Beam Dual (HH/HV polarization) 

FBS Fine Beam Single (HH or VV polarization) 

HR High Resolution (10 to 30 meter spatial resolution) 

InSAR Interferometric Synthetic Aperture Radar 

NIR Near InfraRed  

SAR Synthetic Aperture Radar 

SPOT Système Probatoire d’Observation de la Terre 

SRTM Shuttle Radar Topographic Mission 

SWIR Short Wave InfraRed 

TH Tree Height 

TPH Trees Per Hectare 

TP Trial Partner 

TV Timber Volume 

UTM Universal Transverse Mercator 

VHR Very High Resolution (better than 10 meter spatial resolution) 

WGS World Geodetic Datum 
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Executive Summary 

 

This report summarises the trials performed in South Africa within the ESA-funded project Sustainable 
Forest Management – Support to the Forest Stewardship Council. 

 

The project has been valuable and useful in that it has allowed the Sappi, the project partner, to test and 

demonstrate the resilience and utility of Earth Observation (EO) as an area wide mapping process on pulp 

plantations for forest area and forest area changes while using the same EO data to infer estimations of 

timber volume, a basic requirement for forest management. 

 

 

A series of trials were conducted in two separate and topographically different areas in South Africa;  Zulu-

land (a flat area principally of eucalyptus) and Hodgsons (mountainous area with three principle genera 

pine, eucalyptus and acacia). The customized products, aimed at the provision of transparent, comprehen-

sive, and cost effective information, designed and delivered to Sappi. The target products are based on high 

to very high resolution (15m to 3m) spaceborne Synthetic Aperture Radar (SAR) and Optical data. In es-

sence, the services consist of two main components:  
  

– Thematic products (maps and change maps) using optical and SAR data;  

– Inference of timber volume using L Band SAR data only. 

 

The products demonstrated and evaluated over a range of operational conditions, were: 
 

– 1 - Forest area – At compartment level; 

– 2 - Forest type – Identification plantation at genera level - eucalyptus, pine and wattle; 

– 3 - Burnt Areas – The extent of unplanned burnt areas within or outside the forest compartments; 

– 4 - Status of fire breaks – extent to which firebreaks have been cleared of fuel prior to the dry season 

when wild fires are a threat; 

– 5 - Clear cut and re-growth – The distribution of and area of clear-cut within prescribed time frames; 

– 7 - Compartment homogeneity – To estimate the variability of growth across compartments;  

– 13 - Land cover in non forest areas – To map the vegetation outside forest areas, based on Sappi 

classes: wetlands; grasslands; scrubland; bushveld; woodlands; thicket; indigenous forest; 

– 14 Biophysical parameters – Timber volume for operational usage in forest management and plan-

ning. 

 

Estimations of the costs for each of the products are presented for both Palsar and SPOT sensors.  The 

package of mapping products 1-5 (excluding logging and regrowth) would sum up to €3.20/km2 for Palsar 

and €1.46/km2 for SPOT. If Palsar data is used, timber volume could be included for a total €3.48/km2.  The 

cost of monitoring products (including Product 5 with logging and regrowth) would sum up to €4.7/km2 for 

Palsar and €4.17/km2.  

 

The validation of the results show thematic accuracies for land cover maps, where canopy closure has been 

established, of between 97% and 98% for Palsar and 91% to 100% for SPOT.  Genera detection, using Pal-
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sar for Eucalyptus was 94% conformance and Pinus 84%. For firebreak detection, the detected fire breaks 

have shifted against the shape file provided due to the low resolution of the DEM (STRM DEM 90m) used. A 

very high resolution digital surface model is required to improve this product. For clearfell mapping and 

monitoring, overall the error assuming Sappi’s data is correct, is very low at about 2%. Homogeneity as-

sessment in Zululand where compartments have a low variability, 89% of area assessed was correctly classi-

fied.  Similarly, land cover in non forest natural areas (i.e. outside compartments) both Palsar and SPOT ac-

curacy was close to 90% for classes of “tall vegetation”. Analysis of other data sources suggests that classi-

fication of natural areas with low vegetation was also good, and Sappi need to reclassify their natural areas.   

For the estimation of timber volumes in Zululand, the correlation of Palsar backscatter and Sappi timber vol-

ume is .8377.  Combining Palsar and SPOT data, Sappi estimation of total utilizable volume of planted or 

coppiced 3 -14 year old stands of Eucalyptus clones in Zululand is possible with reasonable accuracy at the 

landscape level.  Interestingly, comparing the standing volume estimates from FMS and the SAR/optical 

models for 12,000 hectares indicated an average timber volume over-estimation of 13.5%.  This has been 

mainly ascribed to the drought conditions during the five years prior to 2008. 

 

 

Feedback from Sappi confirms, in general, that the integrated optical and SAR based services of forest area 

mapping (1)  and timber volume estimation (14 Zululand) will allow forestry companies to reinforce existing 

conventional data source because it adds to the quality of existing management data. For other products (3, 

4, 5, 7, 13, 14 Hodgsons) EO technology could replace existing practice subject to improvements. Product 2, 

could replace or reinforce existing sources, but will not be for other company specific reasons 

 

Overall,  Sappi concluded that products demonstrated are “very good value for money”.  
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Introduction 

 

This project, funded by the European Space Agency (ESA) under the Value Adding Element program, aims 
to develop, demonstrate, validate and evaluate a range of Earth Observation (EO) products to support bet-
ter FSC certification. In this report, results are provided of the selected portfolio of space borne EO products 
on Sappi FSC certified plantations in Natal Kwa-Zulu in South Africa.  

 

The project goal is to demonstrate that the latest advances in this technology can deliver:  

• improvements in the quality of mapping and monitoring in forest management and certification;  

• make certification data and processes more accessible and transparent to stakeholders;  

• add rigor and discipline to the certification process by standardizing the range and quality of geo-
spatial information;  

• reduce the costs of certification by improving the efficiency of certification bodies in the audit proc-
ess. 

 

The report includes an initial section which provides background information on the Trial Partner’s for-
estry operations and general overview of the other stakeholders that have reviewed or provided feedback on 
the value of demonstrated service portfolio.  This includes the Certification Body and where possible, key 
NGOs.  

 

The Product Trials are summarised, along with EO data sources used in the mapping process at the be-
ginning of the section on the Demonstration Trials. Each Product Trial is then detailed, along with the Vali-
dation which has been completed independently by the Trial Partner.   

 

The report concludes with an overall evaluation of the service portfolio, including a risk analysis and cots 
benefit evaluation.  

 

A key objective of this project is to make the maps and geospatial data generated more accessible and uti-
lisable by FSC stakeholders and FSC itself.  To support this, the project includes the development of an 
Open Source GIS software, the Forest Management Toolkit, which enables visualisation of the maps and 
the identification, location and extraction of forest and non-forest areas and area changes over time.  This 
toolkit, based on the Open Source GIS software Q-GIS and can be downloaded from the FMT website, which 
is at http://www.eofmt.com. 

 

This report has been prepared and contents approved by Eyre Consulting, sarmap and Sappi.   
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1.  Stakeholders 

 

1.1 FMT provider 

Denis Alder Consulting - Denis Alder is a consultant in forest biometrics and information systems for forest 
management with some 36 years working experience.  After working in research in forest growth and yield 
modelling at Oxford University 1974-79, the greater part of this work has involved designing systems, de-
veloping software and analysing data for forest inventories, growth and yield studies, and the monitoring of 
forest management.  His work generally has focussed on improving the sustainability of forest management 
through better control systems for yield allocation and monitoring, and as such has often been part of the 
process of bringing forest management up to the level necessary for certification to Forestry Stewardship 
Council standards. 

 

1.2 Service provider 

sarmap - An internationally recognised developer of remote sensing software and products. Extensive ex-
perience in airborne and spaceborne SAR & optical data processing and fusion. Services in the domain of 
land applications, in particular Digital Elevation Model, land motions, agriculture, forestry and hydrology. 

 

1.3 Trial partner  

Commercial forestry in South Africa was initiated in the last quarter of the nineteenth century with govern-
ment afforestation projects aimed at supplying pit props to the mines. The area under plantation increased 
rapidly from 1920 onwards and by the end of the twentieth century the area of commercial plantations had 
grown to some one and a half million hectares comprising 55% pine, 37% eucalypts and 8% wattle and 
other hardwoods.  

Sappi Forests1 are part Sappi Group which was formed in South Africa in 1936 to serve South African con-
sumers with locally produced papers, now employs 15,600 people worldwide with sales in over 100 coun-
tries. It has manufacturing operations on four continents with a paper production capacity of 6.6million ton-
nes.  

Sappi Southern Africa represents 24% of Group Turnover and has 6 mills and one saw mill getting its timber 
requirements from 550,000 ha.   Sappi Forests supplies 70% of the wood requirements of Sappi Southern 
Africa from both its own and independently managed commercial timber plantations, which currently have 
more than 35 million tons of standing timber.  All wood grown on Sappi owned land is Forest Stewardship 
Council (FSC©) and ISO 9000 certified. Some 150,000 hectares of the plantation land is protected and 
managed by Sappi Forests to conserve the natural habitat and biodiversity found there, including indigenous 
forests and wetlands. 

 
The Sappi management involved in this project are as follows:  

– Giovanni Sale – National Planning and Silviculture Research Manager 
– Nico Hattingh, Planning Manager Forests  
– David Everard, Environmental Manager 
– Riyad Ismail, GIS Programmer/Analyst Remote Sensing 
– Horst Kassier, – Mensuration contractor 
– Andre De Wet, Planning Manager 
– Tebatjo Machaka,  Planning Officer - Zululand 

                                                
1 From Sappi 2010 Annual Report  
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1.4 Stakeholder Group  

FSC Certification Body, SABS and Woodmark - SABS (South African Bureau of Standards) has a partnership 
with the Soil Association/Woodmark programme to provide a locally based combined certification service for 
FSC forest and chain of custody certification, to guarantee that certified timber originates in a forest or 
woodland that is responsibly managed to high environmental, social and economic standards, and that 
products from responsibly managed forests are a genuinely renewable resource.  SABS has a forestry audit 
group, made up of 9 timber auditors and 4 FSC auditors (2 in Forest Management, 1 in Chain of Custody, 1 
on Social issues).  Each year, Woodmark audit SABS and al FSC certificates are issued by Woodmark.  

Woodmark is the Soil Association's international forestry and chain of custody certification scheme. Wood-
mark was one of the first certification groups to achieve Forest Stewardship Council (FSC) accreditation in 
1996. 

The contacts at these two organisations are:  

– André Badenhorst – SABS, Principle Auditor, Forest Managment 
– Kevin Jones -  Woodmark Soil Association 
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2.  Sappi forest and service trial areas  
 

2.1 Sappi forest area 

Plantations 

Sappi plantations are located in the following regions of Southern Africa: 

 Plantations and products produced Hectares * 

 KwaZulu Natal Plantations (pulpwood and saw logs) 231,000ha 

 Mpumalanga Plantations (pulpwood and saw logs) 258,000ha 

 Usutu (Swaziland) Plantations (pulpwood) 66,000ha 
 

* Plantations include title deed and lease area as well as projects. 

Harvesting is done by clear felling compartments according to an Annual Plan of Operation (APO) which is 
developed using criteria such as market demand of the various markets, age class and soil and terrain con-
dition (compartments are scheduled for wet and dry season harvesting).  
 

Eucalyptus compartments are either replanted or left to coppice after clear felling. The decision of whether 
to coppice or not depends on many factors such as the species currently on the site, the quality of the 
stand, the land type and expected yields from the site.  When replanting a 90% survival rate is expected, 
and if not achieved blanking is carried out. 

 

2.2  Service trial areas 

Two trials areas were selected to provide coverage of topographical variation as well as opportunities to test 
products across different species. Sappi’s Eucalyptus hardwoods plantations are managed on rotations of 8 
to 12 years depending on site and softwood pine on an 18 to 22 year rotation. Pulpwood plantations are not 
thinned. 

 

Zululand 

Zululand is located in a narrow band on the east coast of South Africa (see Fig 1 below). Mean Annual rain-
fall (MAR) is 1057 mm mean, mean elevation 65 m, and mean annual temperature of 21oC. The dry season 
is in the winter (May to September).  The terrain is flat and the growth very uniform most of the area is 
planted to eucalyptus. 

 

Hodgsons  

Hodgson also lies within the Province of KwaZulu-Natal near Greytown (MAR 934 mm, mean elevation of 
1185 mm) and mean annual temperature of 15oC. The terrain is undulating and growth is more variable. 
Softwood pine, eucalypts and wattle are planted. 
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Fig 1 - Overview of Zululand (left) and Hodgsons (right). 
 

 

2.3 Data and service cost indications  

Sappi have indicated that their current cost of enumeration is R32/ha. This is based on: 

– 3% sample, 10 m radius circular plots, min 30 dbh/Ht pairs, all trees >5cm DBH 

– Sample adjusted based on compartment size 

– Focus pre-harvesting and mid rotation 

– Strive for an accuracy of >= 90% at 95% confidence interval 

– At any one time ~ 20 to 30% of planted area is measured 

 
Data collection for map updates for Sappi areas in KwaZulu Natal are done via GPS and equates to R32.50 
per ha.   
 
 
Sappi has been provided with indicative service costs as summarised below, based on the following assump-
tions:  

– Costs are based on whole "scene" utilisation and no account is taken of limited areas within a scene 
being utilised by a client. This can only be estimated for specific cases. 

– Where required, all sample plot data has to be provided, in correct format and structure, by client.  

– Validation is client responsibility and cost 

– All mapping products are for maps at a specific time. Assuming the date of acquisition and sensor is 
the same, different products can be produced from the same scene(s).  In such circumstances, as 
the same data is utilised for different mapping products, data /processing costs are not addi-
tional for product combinations.  Service costs will be additional for each different product.  

– Change monitoring would result in two classified images at different points in time, plus a map of 
changes between the dates of acquiring.  
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ALOS PALSAR-1 service cost indication cost per square km 

All products, including Timber Volume are produced from PALSAR-1 (15m resolution).  Resolution of 
higher than 15m would require a different sensor and be additional. This could not apply to TV as PALSAR-1 
data is obligatory.  

 

 

Table 1 - Indicative costs for services using ALOS PALSAR 

 

SPOT 4 AND SPOT 5 service cost indication cost per square km 

Optical data can be used for the generation of thematic products. Costs ranges are provided above for 
SPOT-4 and -5 on the same basis as above. 

 

 

Table 2 - Indicative costs for services using SPOT-4/-5. Data cost is according to South Africa market price. 
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3.  Service portfolio  

3.1 Product selection and data  

An overview of products demonstrated with Sappi is listed in the table below. Refer to SFM D1.3 for a de-
tailed description of the products. 

 

Area 

Product 
Zululand Hodgsons 

1.  Forest area yes   

2.  Forest  type   yes 

3.  Burnt areas, severity, re-growth   yes 

4.  Status of fire break yes   

5.  Clear cut, logging, re-growth  yes   

7.  Homogeneity including gap identification yes   

13. Land cover in non forest areas yes yes 

14. Biophysical parameters yes  

 

         Table 3 – Selected demonstration products  

 
In detail this includes: 

– Forest area – At compartment level. 
– Forest type – Identification plantation at genera level - eucalyptus, pine and wattle. 
– Burnt Areas – The extent of unplanned burnt areas within or outside the forest compartments.  
– Status of fire breaks – extent to which firebreaks have been cleared of fuel prior to the dry season 

when wild fires are a threat. 
– Clear cut and re-growth – The distribution of and area of clear-cut within prescribed time frames. 
– Compartment homogeneity – To estimate the variability of growth across compartments.  
– Status of young stands - particularly coppice and planted eucalyptus stands. 
– Land cover in non forest areas – To map the vegetation outside forest areas, based on Sappi 

classes: wetlands; grasslands; scrubland; bushveld; woodlands; thicket; indigenous forest. 
– Biophysical parameters – To provide timber volume for operational usage in forest management and 

planning. 
 

Note that: 

– Products are delivered by FTP; 
– Visualisation and further analysis of the products are performed using the FMT or in house GIS 

analysis. 
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Following data have been used: 

 

Zululand 

 

– ALOS PALSAR-1 

– 23 Aug 2007 FBD (HH/HV), 15 meter resolution 

– 25 Aug 2008 FBD (HH/HV), 15 meter resolution  

– 13 Jan 2010 FBS (HH), 8 meter resolution  

– 28 Feb 2010 FBS (HH), 8 meter resolution  

– 15 Apr 2010 FBS (HH), 8 meter resolution 

– Cosmo-SkyMed  

– 19 Nov 2010 StripMap HH, 3 meter resolution  

– 20 Nov 2010 StripMap HH, 3 meter resolution 

– SPOT-4 

– 30 May 2008, 20 meter resolution  

 

Hodgsons 

– ALOS PALSAR-1 

– 30 Jul 2007 FBD (HH/HV), 15 meter resolution 

– 30 Oct 2007 FBD (HH/HV), 15 meter resolution  

– 16 Sept 2008 FBD (HH/HV), 15 meter resolution  

– 17 Dec 2008 FBS (HH), 8 meter resolution  

– 01 Feb 2009 FBS (HH), 8 meter resolution  

– 04 Aug 2009 FBD (HH/HV), 15 meter resolution  

– 15 Apr 2010 FBS (HH), 8 meter resolution  

– SPOT-4 

– 06 Sept 2009, 20 meter resolution  

Concerning current cessation of services from Alos Palsar– please refer to Annex 3 

Sappi’s mapping data  

Sappi’s base maps were originally digitised from high quality aerial photographs.   Position accuracy of 
Sappi’s spatial data for point and vector data is probably less than 5m. On polygon data it is ~ 99% accu-
rate.  
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3.2 -Product 1  -  Forest area 

Description Geo-referenced information on location, extension, and distribution of forest area. 

Location Zululand 

Data sources -  ALOS PALSAR-1 FBD data (15m) acquired on 25th Aug 2008 

 - SPOT-4 data (20m) acquired on 30 May 2008 

 -  SRTM Digital Elevation Model version 4 

 - Forest compartments in shape format provided by Sappi 

Product -  Colour composites in GeoTif of ALOS PALSAR-1 FBD and SPOT-4 data 

 - Land cover at compartment level in GeoTif format 

 - Cartographic and geodetic system: UTM-36 South, WGS-84 

 

 

  

  

Fig 2 - ALOS PALSAR-1 FBD colour composite including compartments (left) and corresponding product 
(right). 
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Fig 3 - SPOT-4 colour composite including compartments (left) and corresponding product (right). 
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Validation 

Refer to the Annex 2 for the detailed quantitative assessment. 

The summary results from ALOS PALSAR-1 and SPOT-4 are very similar.  The table below summarises:  

Year Compartment planted Palsar match Spot match 

2006 or earlier 98% 100% 

2007 97% 91% 

2008 19% 15% 

TUP2 48% 51% 

Table 4 – comparative results for Palsar and SPOT identifying forest genus 

The results are broadly similar for the more established compartments where canopy closure has been 
achieved (planted 2006 and earlier and 2007). In younger compartments (planted 2008) for both SPOT and 
Palsar, either the harvesting residues or low vegetation prior to canopy closure can cause miss-classification.   

For both sensors, recently felled/replanted compartments are problematic and not sufficiently accurate for 
intensively managed industrial plantations.  

The certainty of the classification could be improved by combining the PALSAR-1 and SPOT-4 classification. 
Using this combination of sensors, an 89% accuracy of total planted area (all plantings) was achieved. 

 

Evaluation  

On a landscape level this information may prove useful to an external party concerned with sustainability as 
the focus should be on the transitional area.   

Evaluation Criteria3 Response and comments from TP 

Frequency 

• Palsar (5 repeat passes/annum) and SPOT (every 20 days if tasked) provide very adequate 

temporal coverage 

• Optical sensors have the limitation of cloud cover which restricts reliable acquisitions to dry 

winter months.  

• This frequency of potential data collection would be very acceptable 

Spatial Coverage • For Sappi – excellent coverage 

Data accuracy (spatial) 

• Both Palsar and SPOT work very well at a compartment level. 

• The certainty of the classification could be improved by using combined PALSAR-1  

• As will be seen with other demonstrated products, at a sub compartment level, or when 

trying to interface features (e.g. roads and firebreaks) with Sappi data can be a problem.   

Independence • The fact data is independent of all other sources means it has a value for operational pur-

                                                
2 TUP = Temporary Unplanted 
3 Refer to Annex 1 for detail explanation of the listed evaluation criteria 



Eyre Consulting –  UK 

Denis Alder Consulting – UK  

sarmap – Switzerland 

Metria – Sweden 

Forest Stewardship Council – Germany 

Sustainable Forest Management 

Support to Forest Stewardship Council 

 

SAPPI service delivery report  

Page  18 

 

 

This document is property of the consortium and cannot be distributed/duplicated without authorisation 
 

poses.  

Product Dependency 
• A combination of SPOT and Palsar data optimises product quality. This not seen as a prod-

uct limitation.   

Accessibility 

• Transformations and comparisons require a lot of technical knowledge to make it work 

well. So, while it might be useful, to move products across to third parties will require 

some education.    

• Over the longer term, Sappi have the resources to overcome and sort out these technical 

issues 

Timeliness 

• On limited areas, existing conventional mapping using airborne, the minimum turnaround 

time is 1 week from the date it is flown. For larger FMU level mapping it would be con-

siderably longer.  On the basis that EO product generation, at compartment or landscape 

level would take 2-4 days, this would be good 

 

 

Overall the performance of the Product 1 in terms of each value criteria 
 
 
Frequency of coverage            Poor    Fair    Good    Excellent 
 

Geographic coverage              Poor    Fair    Good    Excellent 
 

Product accuracy (spatial)       Poor    Fair    Good    Excellent 
 

Data independence third party    Poor    Fair    Good    Excellent 
 

Data dependency           Low     Medium   High 
 

Product accessibility            Poor    Fair    Good    Excellent 
 

Timeliness                       Poor    Fair    Good    Excellent 
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Product 2  -  Forest type 

Description Geo-referenced information on location, distribution and type of forest, in particular for for-
est species of interest for certification purposes. 

Location Hodgsons 

Data sources -  ALOS PALSAR-1 FBD data (15m) acquired on 16th Sept 2008 

 -  SRTM Digital Elevation Model version 4 

 - Forest compartments in shape format provided by Sappi 

Product -  Colour composite in GeoTif of ALOS PALSAR-1 FBD data 

 -  Forest types at compartment level in GeoTif format   

 - Cartographic and geodetic system: UTM-36 South, WGS-84 

 

 

  

Fig 4 - ALOS PALSAR-1 FBD colour composite including compartments (top) and corresponding product (bottom) 

 

Acacia 

Eucalyptus 

Pine 

Clear cut 
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The Sappi operational data base which is primarily derived from planting and management sources, is the 
current source of information to establish which compartments are pine, eucalyptus or acacia and also con-
tains additional information on clone lines and species etc.  

Based on Sappi experience, to some extent, aerial photographs can be used to discriminate Eucalyptus, 
Pine, and, though very difficult, Acacia. As this is carried out on visual interpretation, overall, this is an ex-
pensive process. Some attempts have been carried out using Quick Bird images, but Sappi has recognized 
that the results were poor.  

To date, the above product based on ALOS PALSAR-1 data, even if not accurate enough or adding suffi-
ciently to the Sappi operational data base for Sappi to operationalise, shows the best product. It has to be 
pointed out, that this trial has been performed in a difficult mountainous area using a 90 meter Digital Ele-
vation Model (DEM). Assuming the existence of a suitable DEM (for the radiometric calibration step) or per-
formed in a flat area, there is a clear indication that the products would be more accurate, though its value 
would depend on what attributes it added to the data in the Sappi management system.      

 

Validation 

Refer to the Annex 2 for the detailed quantitative assessment. 

Once adjustments were made for young material good results were obtained for Eucalyptus (94% confor-
mance) and Pinus (84% conformance).  Acacia is notoriously difficult to classify and only has a 28% con-
formance. ALOS PALSAR-1 overestimates the area of Eucalyptus and underestimates the area of both Pine 
and Wattle.  

 

Evaluation  

Sappi, as a very intensive tree farm, maintains data on planting and regeneration of the three principle gen-
era which is routinely collected on a monthly basis. It is so fundamental to the business that it has to be 
very accurate, which is why it is systematically recorded and updated. However, where this product has real 
value to Sappi is in monitoring neighbouring plantations at a landscape level, where currently Sappi has ac-
cess to very little information.   

 

Evaluation Criteria4 Response and comments from TP 

Acquisition Frequency • As for Product 1 

Spatial Coverage • Good for Sappi forests as well as neighbouring forest areas   

Product accuracy (spa-
tial and biophysical) 

• Adds nothing to existing management data base 

• At this resolution, ideal for landscape monitoring purposes.  

Product Dependency • As for Product 1 

                                                
4 Refer to Annex 1 for explanations. 
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Independence (3rd party 
data) 

• Existing forest management data provides systematically recorded information  

Product accessibility and 
transferability 

• It could be a useful independently generated confirmation of plantings by genera for  

CBs  

• The is no reason why other stakeholders could not utilise this type of data; effectively, 

it could become the professional equivalent of Google Earth,  

Product Timeliness • As for Product 1 

 

 

Overall the performance of the Product 2 in terms of each value criteria 
 
 
Frequency of coverage            Poor    Fair    Good    Excellent 
 

Geographic coverage              Poor    Fair    Good    Excellent 
 

Product accuracy (spatial)       Poor    Fair    Good    Excellent 
 

Data independence third party    Poor    Fair    Good    Excellent 
 

Data dependency           Low     Medium   High 
 

Product accessibility            Poor    Fair    Good    Excellent 
 

Timeliness                       Poor    Fair    Good    Excellent 
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Product 3  -  Burnt areas, severity, re-growth 

Description Geo-referenced information on location and extension of the burnt area, burnt severity, and 
re-growth. 

Location Hodgsons 

Data sources -  ALOS PALSAR-1 FBD data (15m) acquired on 16th Sept 2008 and 4th Aug 2009 

 -  SRTM Digital Elevation Model version 4 

Product -  Colour composites in GeoTif of pre- and post-event ALOS PALSAR-1 FBD data. 

 -  Burnt areas polygons in shape file and/or burnt areas in GeoTif format.  

 - Cartographic and geodetic system: UTM-36 South, WGS-84. 

 

 

  

 

Fig 5 - Colour composites of ALOS PALSAR-1 FBD scenes acquired on 16th Sept 2008 (left) and 4th August 
2009 (right). The yellow polygon (right) delineates the location and extent of the clear felled area. 
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Validation 

Forest fires in plantations are of two main types:  

1. crown fires – which are very severe and which we would expect to be able to detect. In 
fact, using SPOT NDVI index, it is possible to detect both crown fire damage as well as 
drought stress.  

2. under canopy fires -  which are a much less damaging event, and which it would be very 
unlikely either SPOT or Palsar could detect.  

 

Unfortunately, this demonstration was inconclusive.  Based on the physics of the sensors, identification and 
mapping of crown fires should result in a stronger SAR backscatter signal if only the foliage had been re-
moved. Conversely in Optical, the change from green to brown would be evident.   Both Sappi and sarmap 
agree that, had a suitable site been located, the probably is high that this trial would have resulting in a very 
acceptable product. 

 

Evaluation  

The image is of a planted area that was felled and not a burnt area. Unfortunately there were no other ex-
amples of crown fires within the study area. This trial therefore is inconclusive and more work would need 
to be done in areas with known severe fire damage.   
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Product 4  -  Status of fire breaks 

Description Geo-referenced information on the status of the fire breaks. 

Location Zululand 

Data sources -  Cosmo-SkyMed StripMap InSAR data (3m) acquired on 19th and 20th Nov 2010 

 -  SRTM Digital Elevation Model version 4 

 - Fire breaks in shape format provided by Sappi 

Product -  Colour composites in GeoTif of ALOS PALSAR-1 FBD, SPOT-4, Cosmo-SkyMed data 

 - Land cover of the fire breaks in GeoTif format 

 - Cartographic and geodetic system: UTM-36 South, WGS-84 

 

 

  

 

Fig 6 - Cosmo-SkyMed colour composite (left) including compartments (yellow)                                                
and fire breaks in 2010 (pink) and corresponding product (right). 
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Validation 

The firebreaks in Zululand have a typical width of 10 meter and therefore the use of very high resolution 
sensors, as in this case, is necessary. In general, the pattern of the fire breaks is well recognized. However, 
the main problems are: 

–  Often the detected fire breaks appear to have shifted. This is due to the low resolution DEM (STRM 
DEM 90m) used and that in this case a very high resolution digital surface model should be used.  

–  In some cases fire breaks are not detected (classified as vegetation). This is primarily due to the 
sideways looking direction of the SAR system and its orbit (North-South).  

 

 

Fig 7 – Detail of firebreak shape file overlaid with CSM mapped bare earth or low vegetation areas (pink).     

Evaluation  

Evaluation Criteria5 Response and comments from TP 

Acquisition Frequency 
• Only one annual acquisition would be required in May at the time fire breaks have to be 

cleared of all fuel.  

Spatial Coverage 
• CSM would be required as 4m is the maximum that will deliver this product.  This sensor 

gives good spatial coverage 

Product accuracy (spa-
tial and biophysical) 

• To locate firebreaks (10 – 50 m wide) required very high resolution sensor.  With CSM, it is 

easy to locate areas of bare soil and link this to associated firebreaks 

                                                
5 Refer to Annex 1 for explanations 
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• But there is geo-displacement between firebreak shape derived from CSM and in situ data.  

• However, even being able to confirm the existence of an area of low/no vegetation and its 

location relative to the known firebreak would be of value.  

Product Dependency 
• Very high resolution CSM data requires a very high resolution DSM to avoid the shown 

shift in geo-location.    

Independence (3rd party 
data) 

• As for Product 1 

Product accessibility and 
transferability 

• Firebreaks are an important forest management issue and being able to generate maps is 

of value to a company  

Product Timeliness 
• Could be used for both as a retrospective check on what the firebreak condition was after 

a major fire as well as monitoring state of firebreaks before the fire season.  

 

 

Overall the performance of the Product 4 in terms of evaluation criteria is the same as for Product 1, except 
for: 
 
Product accuracy (spatial)                  Fair (geolocated)   Good (area only)   
Data dependency               Low     Medium    High 
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Product 5  -  Clear-cut and re-growth 

Description Geo-referenced information on location and extension of the clear cuts and re-growth. 

Location Zululand 

Data sources -  ALOS PALSAR-1 FBD InSAR data (15m) acquired on 23th Aug 2007 and 25th Aug 2008  

 -  SRTM Digital Elevation Model version 4 

 - Forest compartments in shape format provided by Sappi 

Product -  Colour composite in GeoTif of ALOS PALSAR-1 FBD InSAR data 

 - Clear-cut and re-grow at compartment level in GeoTif format 

 - Cartographic and geodetic system: UTM-36 South, WGS-84 

 

  

  

Fig 8 - ALOS PALSAR-1 FBD InSAR colour composite (left) and corresponding product (right). 
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Validation 

See Annex 2 for detailed validation statement 

There is a possibility the reflectance from the in field harvesting residues may have resulted in miss classifi-
cation.  Overall the “error”, assuming Sappi’s data is correct, is still very low at about 2%. 

The PALSAR data can be used as a tool to classify a plantation into broad classes that are useful for exten-
sive plantation management.  The “miss classification” found when comparing against Sappi compartment 
data is viewed as acceptable. 

 

Evaluation  

In very fast growing plantations such as those in Zululand where rotation periods are 9 years, 10% - 20% of 
all compartments are either just harvested or recently replanted and therefore effectively bare soil (up to 2 
years after clear cut).  In tracking the transition from felled to bare soil and then re-establishment, it is diffi-
cult to differentiate between the brushwood and crowns created in the felling process and which can remain 
in the compartments fro some time, and the emerging new growth.  Using Palsar alone, it is therefore diffi-
cult to differentiate between recently felled compartments with brushwood and crowns in the field and 
emerging new plantings or coppice growth. Both could be classified as “low vegetation”.  But it should be 
possible to differentiate post harvest residues using a combination of SAR and Optical.   

It should also be noted that in longer rotation pine (20 years), this only represents about 5% area, while on 
Eucalyptus, being a much shorter rotation (9 years), it could represent 30% of the total areas at any one 
time.  

However, Sappi find that at the landscape level, knowing the status of forestry in the surrounding area is 
valuable for production and strategic planning as well as fire management.    

Evaluation Criteria6 Response and comments from TP 

Acquisition Frequency 

• Annual mapping would be sufficient. 

• Timing would be determined by main objective – compartment or landscape level monitor-

ing 

Spatial Coverage • As for products above 

Product accuracy (spatial 
and biophysical) 

• Adequate identification and assessments at the compartment level 

• Good for landscape level monitoring 

Product Dependency 

• Possible that disaggregation of post felling and early regrowth sages could be improved by 

a combination of SAR and Optical to identify dead brush wood and early regrowth.  

• This does not present any technical hurdle 

Independence (3rd party 
data) 

• As for products above 

Product accessibility and 
transferability 

• As for products above 

Product Timeliness • As for products above 

                                                
6 Refer to Annex 1 for explanations 
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Overall the performance of the Product 5 in terms of each value criteria as before except: 
 
 

Product accuracy (spatial)           Fair (Compartment level)    Good (Landscape level) 
Data dependency           Low    Medium   High 
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Product 7  -  Homogeneity including gap identification 

Description Geo-referenced information on homogeneity at compartment level. 

Location Zululand 

Data sources -  SPOT-4 data (20m) acquired on 30 May 2008 

 -  SRTM Digital Elevation Model version 4 

 - Forest compartments  

Product -  Colour composites of SPOT-4 data in GeoTif 

 - Homogeneity index at compartment level in GeoTif format 

 - Cartographic and geodetic system: UTM-36 South, WGS-84 

 

 

 

  

 

  low          medium          high 

  

Fig 9 - SPOT-4 colour composite (left) including compartments (yellow) and corresponding product (right). 
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Validation 

Refer to the Annex 2 for the detailed quantitative assessment. 

89% of the total planted area of 19,308 ha is correctly classified. The high accuracy of this product in Zulu-
land was not unexpected, as the area has very uniform growth and is flat. It would be worth testing in 
Hodgson, where the more hilly terrain results in greater variability in growth rates.  

 

Evaluation  

In order to demonstrate the broad application of this product, one needs compartments with high variability 
in growth and/or gaps within compartment boundaries as well as temporally correct ground data that allows 
this to be confirmed.  This trial was undertaken in Zululand, where growth variation within compartments is 
very low, and compartments are usually without gaps due to the flat terrain and consistent soil conditions.  
Hodgsons would probably have been the better area to have tested this product. 

Interestingly, one block identified as “low homogeneity”, had in fact been partly felled, a change that the 
product was able to identify.   

 

Evaluation Criteria7 Response and comments from TP 

Acquisition Frequency • annually 

Spatial Coverage • as for products above 

Product accuracy (spa-
tial and biophysical) 

• inconclusive – due to lack of appropriate field conditions and data 

Product Dependency 

• Although this trial is inconclusive, being able to differentiate between low homogeneity 

caused by “holes in compartment growth” and “inconsistent tree growth” across all con-

ditions may require very high resolution optical and SAR imagery or very accurate ground 

measurements of gaps in the compartment 

Independence (3rd party 
data) 

• as for above products 

Product accessibility and 
transferability 

• as for above products 

Product Timeliness 
• important to be able to collect this type of data once a year or even less frequently would 

be acceptable..  Cloud cover would restrict use of optical in al but dry winter months 

 
Overall the performance of the Product 7 in terms of each value criteria 
 
 

On the basis of this trial, it is not possible to rate the product performance on the more challenging Hodg-
sons area.  
 
 

 

                                                
7 Refer to Annex 1 for explanations 
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Product 13  -  Land cover in non forest areas 

Description Thematic map of the land coverage in the surrounding forest area. In general, following ma-
jor land cover classes (which depend on the sensor) are considered: bare soil, settlements, 
cropped areas, water bodies, low vegetation (grassland), average vegetation, rangeland, 
rocks. On request and whenever appropriate, specific classes are included. 

Location Zululand and Hodgsons 

Data sources -  Zululand: SPOT-4 data (20m) acquired on 30 May 2008 

 -  Hodgsons: SPOT-4 data (20m) acquired on 06 September 2009 

 -  Zululand: ALOS PALSAR-1 FBD data (15m) acquired on 25th Aug 2008 

 -  SRTM Digital Elevation Model version 4 

 - Forest compartments in shape format provided by Sappi 

Product -  Colour composites of SPOT-4 in GeoTif format 

 - Land cover at compartment level in GeoTif and/or shape format 

 - Cartographic and geodetic system: UTM-36 South, WGS-84 

 

   

  

Fig 10 - Zululand - SPOT-4 colour composite (left) including compartments (red)                                           
and corresponding product (right).  

Refer to the next figure for the legend  
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Fig 11 - Hodgsons - SPOT-4 colour composite (top) including compartments (red) and corresponding                 
product (middle). Detail of natural areas (white) in the bottom. 
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Fig 12 - Zululand - ALOS PALSAR-1 FBD colour composite (left) including compartments (yellow)                                                

and corresponding product (right). 
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Validation 

See Annex 2 for details of validation  

In general both Palsar and SPOT are able to recognize and classify “tall” vegetation with a % match of close 
to 90% in both Zululand and Hodgsons. The classification of “low” vegetation was more problematic and a 
significantly a lower % match.  A detailed examination using Google earth images of some specific natural 
compartments classified as “low” vegetation showed that the Sappi classification is not all that accurate and 
contains portions of “tall” vegetation correctly classified by both Pulsar and SPOT. 

Based on these results Sappi recommended that they should reclassify their natural areas.  The Google 
earth images could be used for classification as there is significant interpretation required for each natural 
compartment. 

 

Evaluation  

Evaluation Criteria8 Response and comments from TP 

Acquisition Frequency • Annual would be acceptable and the areas are not that dynamic 

Spatial Coverage • As for other products 

Product accuracy (spatial 
and biophysical) 

• Spatial accuracy acceptable 

• Biophysical – the number of classes needed from a management perspective are high – 

while ability to get these classes mapped presents an ongoing problem (e.g. distinguish-

ing between grassland and wetland and seasonal changes) no matter which data source, 

system or sensor is used.   

Product Dependency 

• Will reflect number of classes 

• Will be high for calibration step 

Independence (3rd party 
data) 

• Independent verification of low to zero impact on indigenous forest and high vegetation  is 

important for management and for certification  

• Value rises, the greater the range of classes delivered. 

Product accessibility and 
transferability 

• As for other products 

Product Timeliness • Good and of value 

 

Overall the performance of the Product 13 in terms of each value criteria 
 
 
Frequency of coverage            Poor    Fair    Good    Excellent 
 

Geographic coverage              Poor    Fair    Good    Excellent 
 

Product accuracy (spatial)       Poor    Fair    Good    Excellent 
Product accuracy (biophysical)   Fair-Low vegetation;   Good-high vegetation 
                                                
8 Refer to Annex 1 for explanations 
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Data independence third party    Poor    Fair    Good    Excellent 
 

Product dependency           Low     Medium   High for calibration 
 

Product accessibility            Poor    Fair    Good    Excellent 
 

Timeliness                       Poor    Fair    Good    Excellent 
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Product 14 - Biophysical parameters 

Description Estimation of biophysical parameter such as tree height, diameter at breast height, basal 
area, tree per hectare, and timber volume. 

Location Zululand and Hodgsons 

Data sources -  ALOS PALSAR-1 FBD data (15m) acquired on 25th Aug 2008 (Zululand) and 07th Aug 2010 
(Hodgsons). 

 -  SRTM Digital Elevation Model version 4 

 - Forest compartments in shape format provided by Sappi 

Product - Timber volume at compartment level in GeoTif format  

 - Cartographic and geodetic system: UTM-36 South, WGS-84 

 

  

 

Fig 13 - Zululand - ALOS PALSAR-1 FBD colour composite (left) and corresponding product (right). 
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Validation 

See Annex 2 for details of Sappi Validation in Zululand and Annex 4 on clarification of on the sensitivity of 
the L Band data to saturation when estimating the timber volume above certain values 

A general problem in designing and validating this trial has been the availability of geo-referenced point 
source field data including DBH, TH and TV.  Sappi have tried to establish the accurate geo-location of sam-
ple plots using GPS equipment but the accuracy of this equipment under the canopy is poor with errors of 
up to 20 m from actual location even with post processing. All forestry companies have this problem not 
only Sappi. Sappi therefore summarise plot data at the compartment level. It has therefore been very diffi-
cult to identify where in the compartment the plot was located. sarmap has therefore had to work on com-
partment level data for EO data calibration purposes.     

Zululand  

Sarmap validation: The inference of forest biophysical parameters is performed by estimating a relationship 
(exponential function) between the radar backscattering coefficient and measured geo-referenced field data. 
Improvements in the estimation can be achieved by combining different polarisations and/or by ratioing sev-
eral frequencies or by considering optical sensors whenever available. It is worth mentioning that it was 
previously been demonstrated on Pine in South Africa9, that this semi-empirical approach provides accurate 
estimation of DBH, tree height, basal area and timber volume per compartment.  

The same procedure was carried out by sarmap in Zululand on Eucalyptus, with the following results:  

 
 Fig 14   Relationship between PALSAR HV backscatter and 

Sappi model based timber volume, derived from compart-
ment level enumeration data 

 

Sappi validation:  Sappi assessed this correlation (see Annex 2) by combining the PALSAR HV backscatter 
with SPOT-4 Short Wave InfraRed (SWIR) Spot satellite data with field measured plantation inventory data 
in clonal eucalypt plantations in Zululand.  From the analysis of the SAR HV and SWIR data, the estimation 
of total utilizable volume per hectare of planted or coppiced 3 -14 year old stands of Eucalyptus clones in 
Zululand is possible with reasonable accuracy at the landscape level giving correlation coefficients (R2) in 
excess of 0.8 for planted and coppiced stands respectively.   

 

Hodgson 

It was not possible to repeat the work analysis done in Zululand (see Appendix 2 for validation report) due 
to there being insufficient in situ data across all genera and age classes for EO data calibration.  

                                                
9 RD–4  ESA DUE Innovators II – Timber Volume Estimation in Forestry Plantations: Forest Modelling from Earth Observation Data – 

sarmap and Eyre Consulting 2009 
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Evaluation  

1) Sappi - Zululand 

The interest in accurately measuring timber volume at the compartment level is driven by the cost of current 
method of data collection and the potential for landscape level assessments of the whole growing stock vol-
ume at a single point in time. Sappi sample compartments at mid rotation for eucalyptus (age 5-7) and age 
10 to 12 for softwood and then 1 to 2 years before felling. Sappi’s current data collection method is based 
on a physical field enumeration using either circular plots with a 10m radius or rectangular plots of 7 x 7 
planting stations.  Typically this equates to one plot per ha or a 3% sample with variability reflecting com-
partment size in which measures of a minimum of 300 diameters and 30 DBH/height pairs are made per 
compartment.  The objective is a sampling error of less than 10%, 95% of the time. 

At current sampling intensity, costs of enumeration data cost about R32 per ha depending on the travelling 
distance.  At any one time between 25 to 30% of the total planted area in the database has been physically 
measured.   

A possible application of the models to the non-enumerated portion (78% by area) of the growing stock in 
the Zululand region was successfully demonstrated.  In FMS the volumes of these un-enumerated stands 
are estimated by SI-driven empirical prediction models, the SI which is estimated from historic enumera-
tions, often dating back to previous rotations can lead to systematic inaccuracies if there are significant 
changes between rotations (e.g. weather).  Interestingly, comparing the standing volume estimates from 
FMS and the SAR/optical models for 12,000 hectares indicated an average timber volume over-estimation of 
13.5%.  This has been mainly ascribed to the drought conditions during the five years prior to 2008.   

Due to the nature of the spectral data, calibration would be necessary for each new data set.  The trial also 
confirmed that separate models should be fitted for planted and coppiced compartments.  This was done 
and confirmed. It further indicated that separate models by species (E. gxc, E. gxu, E. grandis) and clone 
would probably be appropriate, but with insufficient measurement data further sub-division was not possible 
and combined models were fitted for all eucalypts by establishment type.  A good fit was obtained for both 
models.  

Based on the results of the SAR/Optical model, Sappi could use a combination of this Product and other EO 
data sources to provide a reliable and independent measure of the non enumerated portion of the growing 
stock. It could also be used to correct for anomalies not identified in the enumeration based model, and 
provide Sappi with a tool to support landscape level adjustments which would be of value in IAS 41.  It 
should also be of value to the certification process, providing auditors with a high level estimate of total 
stocks and total stock changes.  

It also holds real potential for Sappi in monitoring forest growing stock outside its own forestry resource.  

Evaluation Criteria10 Response and comments from TP 

Acquisition Frequency • Once a year would be basis of a programme 

Spatial Coverage • All sensors required (Palsar, CSM and SPOT) have the required spatial coverage 

Product accuracy (spatial 
and biophysical) 

• As discussed above, the estimation of TV is good 

Product Dependency 
• Critical to successful backscatter calibration is the availability of adequate georeferenced 

sample plot data across each genera and age class.    

                                                
10 Refer to Annex 1 for explanations 
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Independence (3rd party 
data) 

• Having an independent source of reliable data would be very valuable 

Product accessibility and 
transferability 

• Once systems have been set up, both calibrating the backscatter signal as well as dissemi-

nating and sharing the data to relevant internal financial audit and third party certifica-

tion, would be relatively easy 

• However, how many companies have the technical capacity to undertake complex statisti-

cal analysis.  

Product Timeliness 
• An attraction of this system is the speed with which it can be generated at a land-

scape/FMU  level 

 

Overall the performance of the Product 14 (Zululand) in terms of each value criteria 
 
 
Frequency of coverage            Poor    Fair    Good   Excellent 
 

Geographic coverage              Poor    Fair    Good   Excellent 
 

Product accuracy (spatial)       Poor    Fair    Good   Excellent 
 

Product accuracy (biophysical)   Poor    Fair    Good   Excellent 
 

Data dependency*                 Low        Medium        High 
 
Product accessibility            Poor    Fair    Good   Excellent 
 

Timeliness                       Poor    Fair    Good   Excellent 

 

* Subject to confirmatory trails, this high dependency might only apply to obtaining the initial calibration 
data set. If it can be established that the calibrated signal can be used in different years within the same 
forest area, this would reduce data dependency to “Low”. 
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4.  Service Portfolio Evaluation  

 

4.1 EO Technology Utility 

The evaluation of demonstrated products was based technology and product issues are as follows:  

CRITERIA Sappi Comments/Issues 

Technical barriers 

• Data calibration is the most complex and technical barrier 

• Not many companies have the required skill set and technological expertise in  EO, GIS and 

mensuration to successfully implement and use the data provided. 

• For optical data – processing chain is known and understood. For SAR, processing support would 

be required.  

System Continuity 
 

(see Annex 3 concern-
ing Palsar failure) 

• Sappi is satisfied that EO sensor services will continue to be available 

• This project has demonstrated how optical and SAR data can be integrated.   

Data transferability 
• Experience in this project shows how easy it is to have misunderstandings on very technical 

issues.   But provided the process is carefully managed data transferability is possible. 

Table 4 – Technology Utility assessment 

 

The overall ranking of EO products in terms of the key product utility criteria 

 
Technical barriers           High      Medium     Low 
 

System continuity            Poor      Fair       Good      Excellent 
 

Data transferability         Poor      Fair       Good      Excellent 

 

4.2 Overall Technology Integration  

Each of following statements was selected to reflect the potential utility of all products tested. 

  This technology could replace existing conventional data source without 
further development or delay for Products - None 

  This technology could be used to reinforce existing conventional data 
source because it adds to the quality of data for Products 1, 14 (Zulu-
land) 

  This technology could replace or reinforce existing sources, but will not 
be for other company specific reasons (e.g. investments made, data ac-
quired, contractual commitments etc) for Product 2.  

  This technology could not replace existing practice but could subject to 
improvements (please specify below) for Products 3, 4, 5, 7, 13, 14 
(Hodgson).  

  This technology could not be considered as a replacement or to reinforce 
existing data sources (explain below) for Product - none.  

  This technology could provide a completely new data source option for Prod-
ucts - None 

 

Comments:  
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See product evaluations for required improvements and developments required to satisfy Sappi of opera-
tional usefulness. 

 

4.3 Potential for cost saving in generating in situ or conventional data 
 

Issues for consideration Sappi Comments 

What impact could EO have on current 

conventional data collection and enu-

meration costs? 

• Yes – in principle especially with better resolution and improved 

sensors, EO would contribute to reduction in operational costs 

• Conventional systems would need to be adapted to reflect better 

quality EO data and processing 

What impact could it have on operational 

efficiency at the FMU level? 

• EO on its own, probably not at a FMU level, due to the very inten-

sive forestry management environment that exists at Sappi.   

• It could potentially permit operational modifications with associated 

cost savings or operational improvements (e.g. enumeration inten-

sity or timing or resource management) 

• At a strategic planning level and for monitoring non Sappi assets it 

would add to the knowledge base and potentially have an impact on 

operational costs 

Could EO reduce the cost of the certifica-

tion process if the demonstrated prod-

ucts were used within the audit?  

Do you think it could it reduce audit 

manpower and site visit costs? 

• Allows 3rd parties to verify conformance  

• Timber resource sustainability is a small part of the certification 

process. For most other issues, EO data is not relevant e.g. waste 

management and systems and processes 

• Independent monitoring of the impact of clear fells on non forest 

areas – especially indigenous forests 

Could the portfolio of services improve 

the quality or reduce costs of the meas-

urement and valuation of growing assets 

as required under accounting standard 

IAS 41? 

• Product 14 (Zululand) does provide Sappi an alternative source of 

audit data which Sappi would consider using, if it is shown to work 

on all areas.  

If you do not consider EO data cost ef-

fective. please indicate what the barrier 

to adoption might be:  

• cost of imagery;  

• cost of EO processing software;  

• capacity building; 

• GIS software cost; 

• Image data – very reasonable 

• Cost of SAR - based on €1.6/km2,   

• Capacity building for SAR is quite daunting and would be re-

quired. Optical sensors are well understood 

• GIS costs are seen as a sunk cost and cost of business. So not an 

issue 

Table 5 – Potential for operational cost savings using EO 

 

4.4 Overall Value for money 
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Based on their analysis, Sappi was asked to rate the overall cost effectiveness of the Trial Product Portfolio. 
Cost effectiveness assessment and grading is based on the indicated service cost (refer to Section) and es-
timated operational cost savings and summarised on the following scale: 

• Excellent value for money -  4 

• Very good value for money - 3 

• Good value for money -  2 

• Poor value for money -   1 

 

Selection: 

Sappi has learnt a great deal from the experience to work with the consortium. Generally, 

Sappi would say that, subject to overcoming some of the identified problems and challenges, 
the demonstrated Service Portfolio could be very good value for money (3). If Hodgson TV is 
validated to the same level of accuracy as achieved in Zululand, Sappi would raise this to Excel-

lent Value for Money (4).  

 

4.5 Technology Risk and Reward  

The technology risk/reward of the overall service package has been assessed by the trial partner as High, 

Medium or Low where:  

 Reward Risk 

High  Certain long term operational benefits  Likely operational risks or high uncertainty of benefit 

Medium Possible long term operational benefits Possible operational risks or some uncertainty of benefit 

Low Few probable long term benefits No discernable operational risks or uncertainty of benefit 

 

Using the following grid, we also asked all stakeholders’ to provide an overall indication of what they consid-

ered the potential risk-reward of technology adoption might be.  In the table below, we have provided a 

summary of each stakeholder’s selection.  

Stakeholder selection Reward 

  Low Medium High 

Low     

Medium    Risk 

High  ▲Sappi  

Table 6 - Risk Reward selection 
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4.6 Lessons learnt  

 

The notes below are added by sarmap, as an additional comment on the trials: 

1. High resolution remote sensing data is suitable for generating maps and extracting forest management 

information at a landscape level but may not be sufficient for use in very intensive tree farming or plantation 

forestry, where very high resolution data (aerial photography) are required.  

2. If the full benefits of remote sensing are to be extracted, then geo-referenced point source sample data 

(and not enumeration data at compartment level, as today's practice) is required in particular for calibration 

purposes (and not only limited to the retrieval of bio-physical parameters). 

3. In the case of these trials, the validation process took longer than expected.  While Sappi’s forest man-

agement information is of a very high standard, it was impossible to recreate historic geospatial field data 

required for validation as it self evidently is not now available.  We would therefore conclude that high reso-

lution remote sensing data could supplement current data sources with valuable information which, when 

integrated in existing database, could reduce time consuming work. 
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Annex 1 – Product Evaluation Criteria – Issues to be considered 

 

Evaluation Criteria Issues for consideration 

Acquisition Frequency 

• Is the data sufficiently current?   

• Can the date of acquisition be sufficiently accurately specified to a required point in time?   

• Is the repeat pass interval acceptable for monitoring changes?   

• Are there other factors that limit data availability; are you satisfied that alternative sensors can be used 

to increase frequency; is cloud cover an issue in your area? 

Spatial Coverage 
• Does sensor cover geographic areas of interest? 

• Are there topographical issues (e.g. slope) that limit performance? 

Product accuracy (spa-
tial and biophysical) 

• How does the accuracy of conventional sources of information compare to the supplied product? 

• Does mapping resolution match your spatial and mapping accuracy requirements? 

• Is classification sufficiently detailed for task? 

• Is classification sufficiently consistent across sensors? 

• Is classification consistent across satellite sensor and software? 

• Have you identified any unexplained differences between EO derived information and your conventionally 

derived maps?  

• Is there an acceptable level of correlation between conventional data and EO data?  If not, is there an 

explanation to delta? 

• Is the extractable data of value in reducing forest management costs or operations? 

• Is the extractable data of value in forest accounting (IAS-41) (Biophysical product only) 

Product Dependency 
• Does this product rely on another source of EO or ground data for generation which is problematic 

• Is the utility of this product linked to another product or service which is problematic 

Independence (3rd 
party data) 

• Is data independence important? 

• Is data transparency important? 

• Is data repeatability important? 

• Are conventional sources of this data subject to potential bias which might be overcome with this prod-

uct? 

Product accessibility 
and transferability 

• Can you foresee operational barriers that could restrict data access or product utility? 

• Is data easily transferrable to other FSC stakeholders – especially CBs? 

• Can you foresee restrictions on data or technology transfer which neutralise this value? 

Product Timeliness 

• Can the product be delivered sufficiently quickly to meet your needs for forest management and certifi-

cation? 

• Is the speed of EO data processing and delivery of classified images critical? 
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Annex 2 – Sappi Validation Reports11 

   

Product 1 – Forest Area and Product 7 Compartment Homogeneity and Gap Identification 

This is validated as Products 1 and 7   Z_P1palsar, Z_P1spot, Z_P7RGB   

 

The Palsar data acquired on 25 August 2008, the SPOT-4 data 30 May 2008 was combined with Sappi com-
partment attribute information extracted on 26 August 2008.  The 3 products all use the same Sappi data 
and criteria e.g. plant date, age and number of compartments. The criteria extracted from the different re-
motely sensed data are also very similar.  

 

The basis of analysis for Sappi is as follows 

Associate majority pixel values for a compartment with a grid value to describe the compartment condition. 
An attempt will be made to explain cells in the matrix that deviate from the Sappi compartment attribute 
data. 

 

PALSAR 

Table 1 Palsar pixel based classification vs. Sappi classification. 

PALSAR classifcation
Data Plant Year Bare Soil Man made 

structures or 
rocks

Forest (Medium 
and High 
Vegetation)

Grand Total % Match

Area 2006 and ealier 290 1 18 4
14781 15088 98%

2007 65 0 2325 2390 97%
2008 1489 2 0 340 1829 19%
TUP 438 0 481 3 919 48%

weighted Age 2006 and ealier 6.06 4.30 5.15 5.17
2007 1.30 1.30 1.30
2008 0.30 0.30 0.30
TUP
2006 and ealier 19 1 869 889
2007 7 147 154
2008 81 21 102
TUP 22 30 52

Area 2282 18 17927 20227
weighted Age 1.24 4.30 4.54
Total Number of compartments 129 1 1067 1197

S
ap

pi
 c

la
ss

ifc
at

io
n

Number of 
compartments

 

 

1 Only 8.1 ha classified as “bare soil” using SPOT balance “dark vegetation” therefore “miss classification”. 

2 Mostly recently planted compartments about 0.3 years old 

3 Large proportion of compartments felled May to July 2008, harvesting residue may cause “miss classifica-
tion”  

4 “Miss classification” no man made structure or rocks in image, SPOT classifies it as “Vegetation”. 

 

                                                
11  All reports prepared by Nico Hattingh and approved by Sappi Management 
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Majority of area classified correctly. 

 

SPOT 

Table 2 Spot classification vs. Sappi classification 

SPOT

Data
Plant Year No 

classified
Bare soil Shrub herbaceous 

wetland
Vegetation Grand Total % Match

Area 2006 and ealier 54 18 2 3 15013 15088 100%
2007 0 1 225 2165 2390 91%
2008 0 1301 1 252 277 1829 15%
TUP 0 176 273 470 919 51%

Weighted age 2006 and ealier 4.71 8.98 9.21 5.16 5.17
2007 1.30 1.30 1.30 1.30
2008 0.30 0.30 0.30 0.30
TUP
2006 and ealier 3 5 2 879 889
2007 1 18 135 154
2008 65 21 16 102
TUP 8 14 30 52

Area 54 1496 753 17924 20227
weighted Age 4.71 0.42 0.83 4.61
Total Number of compartments 3 79 55 1060 1197

S
ap

pi
 c

la
ss

ifc
at

io
n

Number of 
compartments

 
1 Recently established compartments average age 0.3 years. 

2 This is a different area to the 18 ha identified via PALSAR, 10 ha of a 20 ha compartment was felled in 
April 2008 the balance in October 2010 

 

Majority of area classified correctly. 

 

SPOT RGB Homogeneity 

From an operational perspective low homogeneity is considered problematic as it would indicate variability in 
growth or compartments with open non planted areas. 

In Zululand growth is very uniform; the results presented in Table 3 are thus not unexpected.  Low homo-
geneity is expected prior to canopy closure which should be within 6 months after planting. 

 

Table 3 Spot RGB Homogeneity based classification vs. Sappi classification 
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SPOT Homogeneity
Data Plant Year high medium low Grand Total
Area 2006 and ealier 14997 88 4 15088

2007 2185 203 2 2390
2008 885 749 196 1829
TUP 789 122 8 919

Weighted age 2006 and ealier 5.17 5.15 6.90 5.17
2007 1.30 1.30 1.30 1.30
2008 0.30 0.30 0.30 0.30
TUP
2006 and ealier 863 22 4 889
2007 131 18 5 154
2008 46 46 10 102
TUP 40 10 2 52

Area 18856 1161 210 20227
weighted Age 4.46 0.91 0.43
Total Number of compartments 1080 96 21 1197

S
ap

pi
 c

la
ss

ifc
at

io
n

Number of 
compartments

 

 

Majority of area classified correctly. 

 

PALSAR COMPARED TO SPOT-4 

The certainty of the classification could be improved by using combined PALSAR SPOT classification 17368 
ha (17147 + 221) is classified as Forest/Vegetation/Shrub etc.  This implies 89% of the total planted area of 
19308 ha is correctly classified.  

 

Table 4 

PALSAR classifcation

Data SPOT
Bare Soil Man made 

structures or 
rocks

Forest (Medium 
and High 
Vegetation)

Grand Total % Match

Planted area Bare soil 1296 24 1320 98%
No classified 54 54
Shrub/herbaceous/wetland259 221 480 46%
Vegetation 289 1 18 17147 17454 98%
Bare soil 149 28 176
No classified 0 0
Shrub/herbaceous/wetland127 147 273
Vegetation 163 0 306 2 470

Weighted age Bare soil 0.35 4.05 0.42
No classified 4.71 4.71
Shrub/herbaceous/wetland0.52 1.19 0.83
Vegetation 5.86 4.30 4.59 4.61
Bare soil 75 4 79
No classified 3 3
Shrub/herbaceous/wetland 27 28 55
Vegetation 27 1 1032 1060

Total Sum of Ha 1844 18 17446 19308
Total Sum of TU Area 438 0 481 919
Total Sum of wgt Age 1.24 4.30 4.54 4.23
Total Number of compartments 129 1 1067 1197

S
P

O
T

 c
la

ss
ifc

at
io

n Tempory 
unplanted area

Number of 
compartments
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Conclusion 

The results from PALSAR and SPOT are very similar however the SPOT estimation of unplanted area was 
better than that of PALSAR.  Sappi unplanted area = 919 ha, SPOT = 1496 ha PALSAR = 2282 ha.  Classifi-
cation in recently felled/replanted compartments is problematic and not sufficiently accurate for intensively 
managed industrial plantations.  On a landscape level this information may prove useful to an external party 
concerned with sustainability as the focus should be on the transitional area.  

 

 

N.L.Hattingh   7 April 2011 (updated 21 April 2011) 
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Product 2 – Forest Type - Hodgsons 

 

Forest type Genus Product 2   H_P2_type  

 

The Palsar data acquired on 16 September 2008 was combined with Sappi compartment attribute informa-
tion extracted on 26 September 2008. 

 

The basis of analysis for Sappi is as follows 

Extract the Palsar pixel values and use the majority in terms of area classification to describe a genus for a 
compartment.  The table 1 below shows the Palsar pixel based classification of the 7736 ha at Hodgsons 
using the compartment polygons to extract the data, and attribute data obtained from Sappi, 205 ha do not 
link to the PALSAR data.   

 

Table 1 Palsar classification 

Palsar genus all Ha Planted ha Unplanted Area

Not classified 2 2 0

Amea 766 760 6

Eucalyptus 3306 3172 134

Pine 2628 2618 10

bare soil 830 693 137

no link 205 181 24

Grand Total 7736 7425 311  

 

In table 2 an association was done between Palsar data and rounded age from the compartment attribute 
data.  As expected unplanted and young planted compartments where there is little biomass is shown as 
bare soil.  Based on these observation compartments 0-2 years will be exclude from the classification. 

 

Table 2 Compartment age linked to Palsar classification excluding unclassified and no link 
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all Ha Palsar genus

rounded age Amea Eucalyptus Pine bare soil Grand Total

0 6 138 10 255 409

1 0 34 0 372 405

2 0 144 10 163 317

3 91 208 11 20 330

4 240 445 93 1 779

5 72 197 203 0 471

6 50 148 211 0 408

7 73 250 130 0 454

8 23 132 249 0 405

9 4 189 315 0 509

10 16 282 127 0 424

11 0 169 158 7 334

12 86 409 219 0 713

13 8 400 41 9 458

14 37 11 26 0 73

15 23 116 229 3 370

16 5 2 131 0 138

17 0 3 111 0 114

18 19 0 81 0 100

19 0 4 128 0 131

20+ 14 25 147 0 186

Grand Total 766 3306 2628 830 7529  

The conformance of the Palsar classification will be determined using the Sappi information as the base. The 
“not classified, bare soil, no link sections” are excluded, as well as compartments 0 to 2 years. The results 
are shown in Table 3 

Table 3 % conformance of Palsar genus class vs. Genus class from compartment attribute information 
(Sappi genus on left) 

Palsar genus % of 

Data Genus Amea Eucalyptus Pine Grand Total conformance

all Ha Acacia 507 1108 166 1780 28%

Eucalyptus 101 1580 3 1684 94%

Pinus 153 303 2439 2894 84%

Acacia 45 99 17 161 28%

Eucalyptus 7 162 2 171 95%

Pinus 30 47 307 384 80%

Total all Ha 760 2990 2608 6358

Total Number of compartments 82 308 326 716

no of 

compartments

S
a

p
p

i 
cl

a
ss

if
ic

a
ti

o
n

 

 

Conclusion 

Once adjustments were made for young material good results were obtained for Eucalyptus (94% confor-
mance) and Pinus (84% conformance).  Acacia is notoriously difficult to classify and only has a 28% con-
formance.  This will be a problem on land where the genera classification is not known.  Palsar overesti-
mates the area of Eucalyptus and underestimates the area of both Pine and Wattle.   

N.L.Hattingh   7 April 2011 (revised 21 April 2011) 
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Product 5 – Clear cuts and re-growth (Zululand) 

Product 5   Z_P5 Clear-cut and re-growth 

 

Duplicate or similar classes from PALSAR were grouped together to simplify analysis.  The PALSAR results 
were compared against Sappi compartment information extracted on 26th August 2008.  302 ha could not 
be linked to the Sappi compartment data.  Only 9 ha were classified as unknown.  Results are presented in 
Table 1 

 

Table 1 PALSAR results vs. Sappi compartment information 

Palsar data description
Planted 
Area

Temporary 
Unplanted  Area

Number of 
records

Average Age of 
planted material

Stable high forest with possible wetness change 270 0 11 6.1
Mature forest - growth rate lower 1192 0 63 5.6
Growing forest 14245 343 878 4.8
no link 302 283 45 4.5
unknown 9 0 2 2.3
Harvested well before 2008 with significant reestablishment 1806 0 116 1.6
Harvested before end August 2008 1787 576 127 0.7
Grand Total 19610 1202 1242 4.2

Data from Sappi end August 2008

 

 

The Sappi data is split into planted and temporary unplanted area, a field showing the average age of the 
planted material is included.  There is a logical relationship between age and the PALSAR description, the 
highest average age is associated with “Stable high forest with possible wetness change” (6.1 years)  fol-
lowed by “Mature forest” (5.6 years) “Growing forest” (4.8 years).  The class “Harvested well before 2008 
with significant re-establishment has an average age of 1.6 years.  Some planting has taken place in the 
class “Harvested before end August 2008” resulting in a very low average age of 0.7 years.  This class also 
contains the largest proportion of temporary unplanted area. 

 

The 343 ha shown as temporary unplanted in the “Growing forest” class was examined closer, over a 100 
ha was felled from May to July 2008.  There is a possibility the reflectance from the harvesting residue may 
have resulted in miss classification.  Overall the “error” assuming Sappi’s data is correct is still very low at 
about 2%. 

 

Of more concern is the 1787 ha classified as “Harvested before end August 2008” which one would expect 
should be classified as “Temporary unplanted”.   This class was examined closer in Table 2. 

 

Table 2 Harvested before end August 2008 vs. plant year 
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plant Year
Planted 
Area

Temporary 
Unplanted  Area

Number of 
records

Average Age of 
planted material

TUP 0 576 30 0.0
1999 16 0 2 9.1
2000 6 0 2 8.5
2005 18 0 2 3.2
2006 247 0 12 2.2
2007 1 0 2 1.3
2008 1498 0 77 0.2

Grand Total 1787 576 127 0.7

Data from Sappi end August 2008

   

 

1498 ha replanted in 2008 (average age 0.2 years) was replanted after felling; only 288 ha planted from 
2006 to 1999 were incorrectly classified when compared to Sappi data.  No images could be found on 
Google earth which could conclusively prove if the compartment was planted or not. 

 

Conclusion 

The PALSAR data can be used as a tool to classify a plantation into broad classes that are useful for exten-
sive plantation management.  The “miss classification” found when comparing against Sappi compartment 
data is viewed as acceptable. 

   

N.L.Hattingh 

7 April 2011 (updated 21 April 2011) 
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Product 13 – Land covers in Non Forest Areas 

 

Land cover in non forest areas Report Product 13 

 

Introduction 

This report covers both Zululand and Hodgson, both SPOT and Pulsar data was available for Zululand while 
only SPOT data was used for Hodgsons.  

 

Background 

The Sappi classification was initially done in 1998 to 2000 using aerial photographs, with the intention to 
describe different vegetation types and associated management objectives, over time this has changed. The 
classification was probably over ambitious as it tried to distinguish between different vegetation classes and 
at the same time create manageable portions of land.  Only infrequently does a management unit (natural 
area compartment) consist of only one vegetation class. It is acknowledged that the Sappi classification 
could be improved on.  

 

The following process was followed. 

Extract the Palsar and Spot pixel values and use the majority in terms of area classification to describe a 
land cover class in a natural compartment.  This information was compared to the Sappi natural area classi-
fication.  Due to the factors mentioned above the Sappi vegetation classes were grouped into “tall” and 
‘short” vegetation to reduce variation and to attempt to represent the classes classified by SPOT and PUL-
SAR. 

 

Results for the different sensors and plantations are presented below in table 1, 2 and 3.  Note that the fig-
ures in the grey fields divided by the Grand Total was used to calculate the % Match. 

 

Table 1 Pulsar land cover classification Zululand 

Hectare PULSAR classification Zululand

Grouping Sappi classification
No classified Bare Soil Short vegetation/ 

very rough soil
Man made structures 
or rocks

Forest Grand Total % match

tall vegetation Indigenous Forest 3 2 355 360 99%
Woodland 2 15 0 290 308 94%
Bushland 1 7 57 64 88%
Shrubland 2 32 166 200 83%
Thicket 2 18 83 103 81%

tall vegetation Total 9 74 0 951 1035 92%
low vegetation Transitional weed 1 8 61 70 12%

Wetland 0 42 1 0 144 188 23%
Grassland 2 167 0 1 319 489 34%
Maintained areas 2 48 1 110 161 30%

low vegetation Total 5 266 1 2 634 907 29%
Grand Total 14 340 1 2 1585 1942

S
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Table 2 SPOT land cover classification Zululand 
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Hectare
Grouping Sappi classification Bare soil No classified Shrub/herbaceous/wetland Vegetation Grand Total % Match
tall vegetation Indigenous Forest 2 12 7 313 334 94%

Woodland 18 260 278 93%
Bushland 6 53 59 90%
Shrubland 29 153 182 84%
Thicket 1 5 75 81 93%

tall vegetation Total 3 12 65 854 934 91%
low vegetation Transitional weed 17 50 67 25%

Wetland 1 50 139 189 27%
Grassland 2 37 153 227 419 37%
Maintained areas 69 77 146 47%

low vegetation Total 2 37 288 493 821 35%
Grand Total 5 49 353 1348 1755

SPOT classification Zululand
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Table 3 SPOT land cover classification Hodgsons 

Hectare
Grouping Sappi classification Bare soil Shrub/herbaceous/wetland Various covers Vegetation Grand Total % Match
tall vegetation Indigenous Forest 21 8 425 454 94%

Shrubland 27 27 0%
Thicket 4 10 14 70%

tall vegetation Total 21 38 435 494 88%
low vegetation Wetland 32 2 1 2 37 93%

Grassland 355 88 7 126 577 77%
Maintained areas 111 34 0 178 323 45%

low vegetation Total 499 125 8 306 937 66%
Grand Total 520 163 8 741 1432

S
ap

pi
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la
ss

ifc
at
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n

SPOT classification Hodgsons

 

 

Discussion 

In general both sensors are able to recognize and classify “tall” vegetation with a % match of close to 90%. 
The classification of “low” vegetation was more problematic and a significantly lower % Match.  An examina-
tion of some specific natural compartments classified as “low” vegetation, using Google earth images 
showed that the Sappi classification is not all that accurate and contains portions of “tall” vegetation cor-
rectly classified by both Pulsar and SPOT. 

 

Based on these results it is recommended that Sappi should reclassify their natural areas.  The Google earth 
images could be used for classification as there is significant interpretation required for each natural com-
partment. 

 

 

N.L.Hattingh   26 April 2011 
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Product 14 - Timber Volume - Zululand 

Good correlations were obtained when comparing system corrected space borne Synthetic Aperture Radar 
(SAR HV polarization) and Short Wave Infrared (SWIR) Spot satellite data with field measured plantation 
inventory data in clonal eucalypt plantations in Zululand.  Data from planted and coppiced eucalypt stands 
(mainly hybrid clones) older than three years and enumerated in 2008 were used in the study.  A total of 
188 corresponding compartment data records were available for the analysis and good correlations were 
obtained between standing utilizable volume and the corrected SAR HV and SWIR data and stand age, for 
two separately fitted models for planted and coppiced stands respectively.  Application of the developed 
prediction models to the non-enumerated stands indicate an average 14% over-prediction of current utiliz-
able standing volume in these stands, which is mainly ascribed to drought conditions in Zululand for the five 
years prior to 2008. 

 

Methods and materials 

Data 

Terrain corrected and calibrated PALSAR-1 SAR (HV polarization) data was provided.  Standard summarized 
compartment inventory data, measured during 2008 by Sappi, formed the basis of the data analysed. The 
SAR (HV) and SWIR data comprised average pixel values, sampled on a 100m grid basis for each of the 
enumerated stands.  A total of 127 and 55 data records were available for the planted and coppiced stands 
respectively, ranging in age from 3 to 14 years.  A preliminary analysis of variance (ANOVA) on the data, 
using the General Linear Models (GLM) in SAS®, showed that separate models should be fitted for planted 
and coppiced stand data.  Similarly, a further analysis showed that species and clonal differences were 
found to be significant but, due to insufficient data, a single model across species/clones was fitted.  A mul-
tiple regression approach was found to give better results than non-linear regression. 

 

Multiple regression analysis 

Utilizable stem volume per hectare (Uvol) from the summarized inventory data was used as the dependent 
variable and the logarithmic converted decibel variable (dB) from the SAR HV data, the reflectance value of 
the short wave infrared SPOT satellite (SWIR) data, as well as stand age were used as independent vari-
ables.  The predictor variables were selected from a slightly larger base of possible variables using GLM in 
SAS to test for variable interaction and auto correlation.  Most of the SPOT reflectance variables were found 
to be highly correlated resulting in the selection the SWIR variable only. 

 

Model for planted compartments 

The summary statistics and analysis of variance for the model fitted on the data of compartments estab-
lished by planting are presented in the table below and from this table the model is given as: 

 

Uvol = 892.80713 + 28.43322(dB) + 1.73784(Age2) – 0.10065(SWIR) 

 
where: Uvol  = utilizable stem volume per hectare (m3) 

dB  = log-transformed SAR HV data value 
Age  = stand age in years 
SWIR = SPOT-4 short wave infrared data value 
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Coefficients and fit statistics for the final model of planted stands 

 

 

 

The analysis of variance indicates that the model explains a significant amount of variation in the data. The 
adjusted R-square value of this model is 0.845, indicating that 84% of the total variation in Uvol is explained 
by the fit. This model was examined for the presence of multi-collinearity. The VIF’s were small, indicating 
that multi-collinearity was not a problem. 

 
The residual plots were used to check if the model assumption (multiple regression) were not violated. Vis-
ual inspection showed that the model assumptions were not violated (See Figures 1 and 2). Moreover, it can 
be observed from Figure 3 that the model has a good overall fit. 

 

 

 

 

Figure 1 - Residuals over predicted values of Uvol 
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Figure 2 - Studendised residuals over the observation range 

 

 

 

Figure 3 - Actual Uvol over predicted Uvol (*) with the one-to-one relationship indicated by the zero (o) val-
ues 

 

 

 

A paired t-test of actual vs predicted Uvol values on the fitting dataset showed a total mean bias of virtually 
zero and an absolute average deviation of 29.8 m3 per ha for the sample. There is only a one in 20 chance 
that the total mean bias of the sample will fall outside -5.2 and +5.2 m3/ha. 
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Model for coppiced compartments 

The resulting coefficients and fit statistics for the coppiced stand model are shown in the table below. 

 

Coefficients and fit statistics for the final model of coppiced stands 

 

 

A good fit was obtained with the model showing low variance inflation, acceptable collinearity diagnostics 
and an adjusted correlation coefficient (Rsq) of 0.80 (see Equation 2). 

 

Uvol = 631.62592 + 16.26261(dB) + 3.08632(Age2) – 0.12684(SWIR) 

 

where the symbols are the same as in the previous equation. 

 

Visual inspection showed that the model assumptions were not violated (see Figures 4 and 5). Moreover, it 
can be observed from Figure 6 that the model has a good overall fit. 

 

 

Figure 4 - Residuals over predicted values of Uvol 
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Figure 5 - Studendised residuals over the observation range 

 

 

Figure 6 - Actual Uvol over predicted Uvol (*) with the one-to-one relationship indicated by the zero (o) val-
ues 

 

A paired t-test of actual vs predicted Uvol values on the fitting dataset showed a total mean bias of virtually 
zero and an absolute average deviation of 28.3 m3 per ha for the sample. There is only a one in 20 chance 
that the total mean bias of the sample will fall outside -7.6 and +7.6 m3/ha. 

 

Example of model application 

At any point in time only 20%-40% of all stands (compartments) have been enumerated for a given forest 
district or plantation in Sappi.  This means that the current and future volume estimation of 60% to 80% of 
the stands is based on SI-driven growth model estimates.  In periods of lengthy drought or periods of ex-
ceptionally high rainfall the historically measured average SI may change significantly (especially in fast-
growing eucalypts), thus also influencing the SI-driven growth model estimates, based on historic averages 
of measured stands.  Cycles of over- and under-estimation with a certain lag-effect therefore occur.  This 
has been the case in Sappi’s Zululand plantations where, coming from a period of excessive rainfall during 
2000 to 2002, the last 6 years (2003-2008) have been exceptionally dry on average.  Due to the lag effect 
current SI-driven growth model estimates are still over-estimating, actual volume growth. 
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As it is not practically nor financially possible to enumerate each stand annually, one could use the above 
developed empirical models (based on very recently measured compartments) to calculate a more current 
and up-to-date utilizable volume estimate (including recent climatic effects) for the non-enumerated com-
partments.  This exercise was done for the 2008 calendar year using compartment and enumeration data 
based on the standing tons data for that specific period. 

 

SAR HV (dB) and SWIR data for all unmeasured compartments (age 3 years and older) were derived and 
processed in the same way as described for the enumerated compartment data, used to develop the above 
models.  The dB, SWIR and age data values for the relevant compartments were then used to model their 
utilizable standing volume (Uvol) per hectare (m3) with Equations [1] and [2], which was then converted to 
total utilizable compartment volume.  These compartment volumes were then compared with the enumer-
ated and SI-based compartment volumes from FMS (Forest Management System).  Table below and Figures 
7 to 9 illustrate the comparisons. 

 

Comparison of FMS vs. modelled volumes for Zululand compartments by data source 

 

Data Source Area Ratio 

(compts) (ha) FMS/Opt 

Enum. 2008* 2 711.4 1.000 

Enum < 2008 1 215.5 1.075 

SI-based 8 173.5 1.194 

TOTAL 12 100.4 1.135 

 * Optical model based on this data source 

 

 

Figure 7 - Compartment volumes: Enumerated 2008 vs. Optical model. Dashed red line indicates 1:1 rela-
tionship. Average bias = 0%. 
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Figure 8 -  Compartment volumes: Enumerated pre 2008 vs. Optical model. Dashed red line indicates 1:1 
relationship. Average bias = + 7.5%. 

 

 

Figure 9 -  Compartment volumes: SI-based vs. Optical model. Dashed red line indicates 1:1 relationship. 
Average bias = + 19.4%. 

 

The table above and Figures 7 to 9 show a clear difference in bias between the volumes estimated for the 
enumerated and non-enumerated compartments for FMS and the optical model.  The optical model was 
based/fitted on the 2008 enumeration data which constitute 2711 ha or 22% of the total area shown in Ta-
ble 3.  On average there should be no bias between the model estimates and the data it was fitted on, 
which is also the case (see Table).  Estimates for compartments enumerated prior to 2008 and those based 
on SI-predicted volumes, however, show a positive bias of 7.5% and 19.4% bias respectively for the FMS 
volumes when compared to the optical model estimates.  For the total area of 12 100 ha incorporated in the 
exercise the estimated average bias (enumerated and non-enumerated compartments) amounts to 13.5% 
(see Table).  This confirms already suspected over-estimations due to exceptional drought conditions in Zu-
luland over the past 6 years, prior to 2008. 

 

The above optical models are dependent on the specific satellite images/ scenes from which they were de-
veloped.  For each exercise over time of this nature separate models would have to be developed. 
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Conclusion and recommendations 

From the analysis of the SAR HV and SWIR data, the estimation of total utilizable volume of planted or cop-
piced 3 -14 year old stands of Eucalyptus clones in Zululand is possible with reasonable accuracy at the 
landscape level.  However, variation at individual compartment level is still fairly high. The addition of stand 
age as an independent variable considerably improved accuracy and fit statistics of the multiple regression 
models.  An ANOVA clearly indicated that separate models should be fitted for planted and coppiced com-
partments. This was done.  It further indicated that separate models by species (E. gxc, E. gxu, E. grandis) 
and clone would probably be appropriate, but with insufficient measurement data further sub-division was 
not possible and combined models were fitted for all eucalypts by establishment type. A good fit was ob-
tained for both models. 

 

A possible application of the models to the non-enumerated portion (78% by area) of the growing stock in 
the Zululand region was demonstrated.  In FMS the volumes of this portion of the stands is estimated by SI-
driven empirical prediction models, the SI for which is estimated from past historic enumerations, often dat-
ing back to previous rotations.  Comparing the standing volume estimates from FMS and the optical models 
for 12 000 hectares indicated an average over-estimation of 13.5%. This is mainly ascribed to the drought 
conditions during the five years prior to 2008. The developed models are not generic and, due to the nature 
of the spectral data, new models would have to be developed for each new exercise. 
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Annex 3 - ALOS PALSAR-1 failure 

An important development since the inception of the project, and completion of the demonstration trials in 
the three trial areas, has been the announcement that the ALOS sensor was terminated on April 23 due to a 
malfunction in the solar power generation system.  In the event power cannot be restored, Sarmap has pre-
pared the following overview to establish the potential for other sources of radar data to be used as alterna-
tives for all mapping and monitoring services, except for Timber Volume estimation which requires an L 
band radar sensor for which there is no current replacement though replacement sensors are scheduled 
over the next few years12.   

ENVISAT ASAR AP data acquisitions have been requested for May 2011 and subsequent months over Komi 
project area in order to understand the potential contribution of ASAR AP data for the demonstrated prod-
ucts. In the meantime, some ENVISAT ASAR AP data is available to Sarmap over an earlier ESA funded pro-
ject (see RD-4) the following overview serves as an interim demonstration of data substitution and mapping 
compatibility in South African plantation conditions.  

In addition, Cosmo-SkyMed data was acquired over both the Sappi and MondiSYK project areas, and the 
data consistency and comparability demonstrated in both these areas, particularly for precise mapping of 
clearfell areas.  

The following compares the above data sources with Also Palsar data, and confirms their functional com-
patibility.  

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                
12 Three additional L Band sensors will be launched in the next 2 years - ALOS-2 (3m resolution) will be launched in 
2012 and SAOCOM-1/2  (10m resolution) will be launched 2013/2014  
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Figure 1 illustrates, for comparison purposes, ALOS PALSAR-1 FBD (L-band, HH/HV polarization), ENVISAT 
ASAR AP (C-band, HH/HV polarization), and Cosmo-SkyMed (X-band) at HH/HV polarization and acquired in 
an interferometric way at HH polarization. A detail, including a forest map based on L- and X-band data, is 
shown in Figure 2. Note that all data, by considering the different sensor's characteristics and acquisition 
modes,  have been processed in the same way. Figure 3, finally, shows the regressions for various biophysi-
cal parameters used for the generation of (validated) biophysical maps for Jessivale, South Africa (ESA, DUE 
II, 2010).  

    

    

Figure 1    –  South Africa, Jessivale  –  ALOS PALSAR-1 FBD 15m, August 2008 (top left); ENVISAT ASAR 
AP 15m, February 2010 (top right);  Cosmo-SkyMed (HH & HV) 3m, Jan 2010 (bottom left); 
Cosmo-SkyMed 3m InSAR HH, December 2009 (bottom right). 
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Figure 2    –  South Africa, Jessivale  –  ALOS PALSAR FBD data acquired on August 2008 and correspond-
ing forest map (left) and interferometric Cosmo-SkyMed HH data acquired on December 2009 
and corresponding forest map (right). 
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Figure 3   –  South Africa, Jessivale.     

 Top  -  Relationship between selected biophysical parameters and ALOS PALSAR HV data  ac-
quired on August 2009. 

 Bottom  -  Relationship between selected biophysical parameters and ENVISAT ASAR HV data  
acquired on February 2010. 
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Based on these key examples and on the experiences done within this project and in the previous DUE II 
one, following conclusions can be made: 

–  Clear evidence of usefulness of PALSAR FBD thematic products for thematic purposes. In overall, 
the level of detail (in terms of information) is slightly increased in non-forest areas, if HH coherence 
is additionally considered. In general, ALOS PALSAR FBD data provide a similar information com-
pared to SPOT-4 data.  

–  Due to the higher spatial resolution of Cosmo-SkyMed (3 meter) and complementary X-band fre-
quency, the information content is significantly increased particularly in non forest area, when 1-
day interferometric Cosmo-SkyMed HH data are used. Clear-felling, as shown in the Komi trial, is 
accurately detected.  

–  The use of ENVISAT ASAR AP (HH/HV polarization) data, in particular based on time-series, is 
doubtless valuable in particular for forest area changes and for non forest areas.  

–  In South Africa, a clear relationships were established between L-band HV data and field based, 
geo-referenced plot level standing volume, average tree height, average DBH and basal area. This 
is not possible for C- and X-band data.  
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Annex 4 - Clarification on the sensitivity of the L Band data to saturation when estimating the 

timber volume above certain values. 

Figure 1 illustrates the relationship between Timber Volume (m3/ha) vs. L-band HV radar backscatter for 
Zululand (top) and Komi (bottom), while Figure 2 the results obtained by Peregon in boreal forest. 

Based on these three independent trials, the following conclusions can be made: 

− In boreal forest conditions such as those in Komi, the L band Palsar saturation level is around 150 
(m3/ha). There are three major factors limiting the use of L-band data at these geographic latitudes:  

o The complex structure and highly varied nature of the forest (confirmed by the field data); 

o The conditions of the understory biomass (younger lower story trees, dense bushes (e.g. 
blueberries) and fallen branches and dead trees; 

o This area has cloud cover for some 60% of the year and the damp soil conditions are a near 
permanent feature of large areas of these forests.  As summarised in Annex 3 of the Mondi-
SYK Komi report, the complex biodiversity of the these forests require these wet conditions. 

These factors significantly contribute to a limited dynamic range of the radar backscatter. 

− In dry conditions and single species and single age class forest compartments as in South Africa (re-
fer also to the ESA DUE II project), the saturation level is around 400 (m3/ha).  The dry conditions, 
the forest homogeneity and the hard dry soil significantly contribute to a large dynamic range of the 
radar backscatter. 

 

 

Figure 1 - Timber Volume (m3/ha) vs. L-band HV radar backscatter for Zululand (top) and Komi (bottom). 
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Figure 2 -  Timber Volume (tons/ha) vs. L-band radar backscatter for boreal forest (Anna Peregon, JAXA 
K&C meeting 15, Tokyo, 2011). 

 


