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BACKGROUND 

FOREST-PLUS COMPONENT 1 TASK 1 ACTIVITY 1.2.1 

This Forest-PLUS activity specifies:  

“Improve methodologies to estimate the carbon content of different forest types in India, 

particularly forest types found in Forest-PLUS’ four landscapes, by developing forest 

carbon estimation models and protocols based on remote sensed data: 

a)       Design or adapt software models that convert remote sensed data into carbon 

estimates. 

b)       Integrate remote sensed data with ground-level inventory data, to improve the 

accuracy of carbon estimates.” 

 

MSU has a lead role implementing this activity and is supported by IORA.  MSU has developed a series 

of software models in ERDAS Imagine Spatial Modeler Language (.gmd) to convert optical remote 

sensing satellite data to forest carbon maps at the landscape scale integrated with ground-level inventory 

data. 

REMOTE SESNING SOFTWARE MODELS 

The MSU team, in coordination with IORA, has completed the development of four software models.  

The models are written in ERDAS Imagine spatial modeler language.  A suite of preliminary models pre-

processes data to a fractional cover (fC) data product. The first preliminary model converts level 1G 

Landsat optical data from digital numbers to at-sensor top-of-atmosphere (ToA) reflectance values.  This 

process normalizes data for improved inter-comparison and for large-area analyses that include more than 

one satellite scene.  The ToA model can be modified for use with AWiFS and LISS-III data.  The next 

model converts ToA data sets to a vegetation index using the 
1
Modified Soil Area Vegetation 2 

(MSAVI2) algorithm.  A linear un-mixing model then converts the MSAVI2 data sets to vegetation 

continuous-fields (VCF) or fraction cover (fC) data set using two pure-pixel end-members of soil and 

closed canopy vegetation.   End-members are user-defined through an area-of-interest (AOI) method 

using the MSAVI data sets.  We have also developed an soil and forest end-member library for Landsat 

data for the four landscapes which can be used as inputs to the fC model. 

 

Two primary models convert fC data to map carbon values at the pixel level.  The first model up- and 

down-scales a Tier 2 mean value of carbon by the fC value within any particular forest strata.  The second 

model uses plot level carbon and the location of plots to develop an equation based on the relationship 

between carbon estimates from plot data and the fC value at the same location.  The two models map and 

compute landscape level forest carbon at the pixel-scale (Tier 2 and Tier 3).  These two models provide 

relevant emission factor data as input to REDD+ projects. 

 

                                                      

1
 We are testing a number vegetation indices (NDVA, MSAVI2, EVI, Simple 4/3 band ratio) to determine the optimal VI data set that 

most accurately quantifies forest canopy and/or biomass/carbon for each of the four Forest-PLUS landscapes.  The final set of 
models may therefore, be landscape specific as well.  In other words we may deliver four distinct “pre-processing” models, one 
for each landscape type. 



 

Optical Remote Sensing of Forest Carbon Training | 2 

 
 

A third model processes multi-temporal fC (or carbon) data sets to compute deforestation and degradation 

(or carbon fluxes).  The primary focus for this model is improved capability for assessing degradation 

using a finer classification for forest cover than currently used in India (4 classes of forest canopy cover: 

< 10 %, 10 < 40 %, 40 < 70 %, and >70 %) This model is a measure of activity data.  This model 

provides relevant activity data as input to REDD+ projects. 

 

A fourth model includes a series of computational tools to address common issues particular to use of 

optical remote sensing data.  These include automated cloud-masking, gap-filling, and data mosaic 

models as well as correction processes for data with high topographic relief and hill-shade/shadow 

effects. 

 
Table 1: MSU Deliverable 1.2.1 - Four Optical RS Software Models 

Model Name REDD+ Input Process 

Pre-processing Data normalization (ToA); 

Vegetation Index (MSAVI2); 

Fractional Cover (fC) 

-- DN  ToA 

ToA  MASVI2 

MSAVI2  fC (linear 

unmixing; 2 end-members) 

Model 1 Tier 2 Carbon Mapping Emissions factor Mean C = Mean fC per stratum; 

up- and down-scale carbon by fC 

deviation from the mean fC 

Model 2 Tier 3 Carbon Mapping Emissions factor Plot C and fC relationship (OLS 

regression) 

Model 3 Deforestation and Degradation Activity data and 

Emission Baselines 

Multi-temporal fC (or Carbon) 

analyses 

Model 4 Tools for improved optical RS 

analyses 

-- Cloud masking; gap-filling; 

mosaic processing, hill-

shade/shadow correction 

 

 

 

 

TRAINING DETAILS 

VENUE AND AGENDA 

A seven-day, comprehensive, hands-on, follow-up training to the two-day June 2014 workshop at FSI 

was given to remote sensing and GIS technicians from the state forestry departments of Karnataka, 

Madhya Pradesh and Himachal Pradesh.  The technicians from Sikkim were unable to attend.  The focus 

of the training was on running a suite of ERDAS models for optical remote sensing data (Landsat, 

AWiFS, and LISS-III) to map forest carbon at the pixel (or landscape) level.  The training was held at 

Amity University in Noida, Uttar Pradesh from December 5 – 11, 2014, and incorporated two field days 

as well.   
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The training included participation from Dr. Sunil Chandra and Dr. Abhay Saxena from FSI as co-trainers 

along with Jay Samek (MSU) and Atri Shaw (IORA).  Mr. Santanu Basu and Mr. Ankit Rawat from 

IORA also assisted.  

 
Table 2: Seven day agenda 

Day Date General Overview 

1 5-Dec-2014 Introduction   

 Scientific and theoretical background 

 Data sets and data requirements 

 ERDAS Spatial Modeling Language (.gmd) 

2 6-Dec-2014 Field Practicum 

 Land use and land cover field data collection 

3 7-Dec-2014 Pre-processing models 

 DN  Radiance  Top of Atmosphere Reflectance 

(ToA) 

 Vegetation Indices (VI) 

 Fraction Cover (fC) 

4 8-Dec-2014 Field Practicum 

 Plot inventory: biomass data collection 

5 9-Dec-2014 Tier 2 Carbon Mapping 

 Calculating mean values 

 Stratification 

 Tier 2 Landscape level carbon map 

6 10-Dec-2014 Tier 3 Carbon Mapping 

 Calculating plot level carbon 

 OLS regression of plot carbon and fC 

 Stratification 

 Tier 3 Landscape level carbon map 

7 11-Dec-2014 Validation and calibration; Wrap-up 

 Calibrating fC 

 Validation – error analysis/confusion matrix (plots and 

hi-res data) 

 Forest-PLUS models 3 and 4 – deforestation/degradation 

& “data improvement” tools 
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PARTICIPANTS 

A total of nine (9) participants were trained over the seven day period; three each from HPFD and KFD, 

two from MSPFD and one staff member from Amity University. 

 
Table 3: Participants 

No Participant Name Institution 

1 Mr. Rajneesh Kumar HP Forest Department 

2 Mr. Prashant Gautam HP Forest Department 

3 Mr. Amit Rana HP Forest Department 

4 Ms. Aparna Dwivedi MP Forest Department 

5 Mrs. Veena Malviya MP Forest Department 

6 Mr. Mahadevaswamy. B. Karnataka Forest Department 

7 Mr. Palakshaiah. K.S. Karnataka Forest Department 

8 Mr. Boraiah K.T. Karnataka Forest Department 

9 Mr. Abhishek Banerjee Amity University 

 

OUTPUTS 

PRE- AND POST-TRAINING SURVEYS 

Short pre- and post-training surveys were administered on day 1 and day 7 respectively with the 

participants.  The complete surveys are included in the appendix.  Below are summary results from 

selected questions. 

 

Pre-training survey (n=9): 

 

Q1.  Participant experience and knowledge (self assessment) of the following: 

1 
Satellite Remote Sensing Analysis using Medium-Resolution, 
Multi-Band Optical Data 

 
None Some Average Above Ave Expert 

 
0 0 3 4 2 

2  Geographic Information Systems (GIS) Analyses   

 
None Some Average Above Ave Expert 

 
0 1 2 4 2 

3 Field Forestry – Plot Inventory Methods   

 
None Some Average Above Ave Expert 

 
2 1 5 1 0 

4 Methods for Measuring Forest Biomass and Carbon 

 
None Some Average Above Ave Expert 

 
3 3 3 0 0 
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Q2.  Level of experience using: 

1 ERDAS Imagine     

 
None Some Average Extensive 

 
0 0 5 4 

2 ArcMAP       

 
None Some Average Extensive 

 
0 1 2 6 

 

 

 

Q3.  Knowledge of the following terms: 

1 REDD+       

 
None  Somewhat Know very well   

 
1 6 2 

 2 MRV       

 
None  Somewhat Know very well NA 

 
5 2 1 1 

3 REL       

 
None  Somewhat Know very well NA 

 
6 2 0 1 

4 Five Carbon Pools     

 
None  Somewhat Know very well NA 

 
3 3 2 1 
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Post-training survey (n=8): 

 

Q1.  Level of knowledge and skill as a result of the training: 

1 
Satellite Remote Sensing Analysis using Medium-Resolution, 
Multi-Band Optical Data 

 

Stayed the 
same 

Increased 
Somewhat Increased Significantly 

 
0 4 4 

2 Geographic Information Systems (GIS) Analyses 

 

Stayed the 
same 

Increased 
Somewhat Increased Significantly 

 
0 5 3 

3 Field Forestry – Plot Inventory Methods 

 

Stayed the 
same 

Increased 
Somewhat Increased Significantly 

 
1 4 3 

4 Methods for Measuring Forest Biomass and Carbon 

 

Stayed the 
same 

Increased 
Somewhat Increased Significantly 

 
0 4 4 

 

 

 

Q3.  Expectations for Training 

      Lower Met Exceeded 

1 Overall knowledge sharing and transfer 0 6 2 

2 Remote Sensing Tool 0 5 3 

3 Methods for Mapping Forest Carbon 0 7 1 

4 
Carbon Accounting Principles and 
Methods 0 6 2 

5 Training Format, Modality 0 6 2 
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Q5.  Knowledge change as a result of training: 

1 REDD+     

 
Same Increase Some Increase a lot 

 
2 4 2 

2 MRV     

 
Same Increase Some Increase a lot 

 
5 2 1 

3 REL     

 
Same Increase Some Increase a lot 

 
6 2 0 

4 Five Carbon Pools   

 
Same Increase Some Increase a lot 

 
1 4 3 

 

 

TRAINING HOURS 

A total 360 person hours of training were completed with SFD staff under this training (see Table 4) 

 
Table 4: Training hours total and by gender 

Participants Number Lab Days Field Days Lab Hours Field Hours Total Hours 

Male 6 (*1) 5 (2) 2 192 84 276 

Female 2 5 2 60 24 84 

TOTAL 9 5 2 252 108 360 

  

* One participant from Himachal Pradesh became ill during the training and returned home after the 4
th
 

day. 

 

 

TRAINING MANUAL AND DATA SETS 

Participants were given a training manual as well as data sets from each of the four Forest-PLUS case 

study sites.  A copy of the training manual is included with this document.  The training manual includes 

a description of the sample data sets on the USB flash drives that each participant was given. 
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APPENDICES 

1. Agenda 

2. Sign in sheet 

3. Pre-Training surveys 

4. Post-Training surveys 

5. Pictures 

6. Forest Type Mapping (FSI) Presentation 

7. Participant: June (FSI) & December (Amity U) Trainings 
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