Annex 12.1. Estimation of Uncertainty of Activity Data

Mapped areas of land cover (or change in land cover) produced from the satellite interpretation
can yield biased estimates of change because of image classification errors. Therefore, we need
to estimate the level of accuracy of the land cover change map by comparing the map to a sample
of reference observations, incorporating the reference observations into a sample-based
estimation (SBE) of Activity Data. Area estimates and accuracy are inferred by analyzing the
sample. In this analysis, we assess the accuracy of land cover change from 2006 to 2016 for three
broad land cover classes, namely primary forest (Pl), degraded primary forest (DP) and non-forest
(NF). We then use those Reference Data and compare to the original forest cover maps of cover
change, to assess accuracy. The assessment of the accuracy of the land cover map and the
resulting sample-based estimation of area was based on Olofsson et al. (2014), substituting a
modified variance estimator to account for the use of post stratification rather than pre
stratification (Olofsson 2019, pers. com.).

Method for the Assessment of Uncertainty of Area Changes

The assessment of land cover changes uncertainty uses reference data that was generated by a
collaboration project between Indonesia’s Ministry of Environment and Forestry (KLHK) and its
National Institute of Aeronautics and Space (LAPAN) together with researchers from the
University of Maryland’s Global Land Analysis and Discovery Group (GLAD) and the World
Resources Institute (WRI) Indonesia. A set of 10,000 30x30m blocks corresponding to time series
of Landsat satellite image pixels was selected from throughout the country using a simple random
sampling technique. The goal of the project was to support efforts to sustainably manage
Indonesia’s forest resources by providing nation-wide estimates of primary forest loss in
Indonesia over a 26-year period (1991-2016), together with data on land use trajectories following
primary forest clearing.

The reference data used for visual interpretation includes annual cloud-free Landsat data
composites from 1985-2016. The University of Maryland GLAD group and LAPAN provided
composites for the years 1985-2016. LAPAN provided composites for 2015 and 2016 as well as
very high resolution true color composites for each pixel based on data collected by the SPOT 6
and 7 satellites from 2013-2016. Graphs of minimum and maximum NDVI values based on cloud-
screened Landsat observations were also provided for the years 1985-2014. Very high resolution
Google Earth imagery was used where available, primarily to confirm interpretations towards the
close of the study period together with SPOT data (Figure 1).
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Figure 1 Data Reference

Each sample pixel was reviewed by at least two independent analysts. The first analyst assigned
a 1990 land cover class — primary intact, primary degraded or non-primary forest — to each pixel.
For primary forest pixels, analysts also evaluated pixels to determine whether any forest
disturbance or land cover change events took place, recording the year and type of each change
event and their confidence in their interpretations for all recorded changes. Pixels experiencing
additional change events were assigned to a “more than three changes” category. A second
analyst later reviewed these interpretations, revising the dataset as needed. This was done to
control for biases among analysts and reduce the incidence of interpretation errors. The resulting
dataset was again compared to existing map products, including KLHK forest/non-forest maps
(1990, 2000, and 2012); primary forest maps created by the University of Maryland (2000 and
2001); tree cover maps created by LAPAN as part of the INCAS project (2000 and 2012); and the
University of Maryland percent tree cover (2000) and tree cover loss (2001-2016) products. Pixels
found to be inconsistent with the above map products, pixels marked as low confidence in one or
more confidence category, and all pixels experiencing primary forest clearing during the study
period, were reviewed again by the UMD analyst (Figure 2).
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Figure 2 Flowchart of Sample Land Cover Change Interpretation

East Kalimantan has 639 sample units that clipped from 10,000 units of national data, covering
three groups of land cover categories, i.e. primary forest (Pl), degraded primary forest (DP) and
non-forest (NF). Error matrix of the samples was developed in which rows represents map
category and column represents reference as illustrated in Table 1.

Table 1 Error matrix of sample counts, nij

Reference (sample)
Pl PD NF Grand Total
Pl N1 N1 Ni3 Ns
PD N1 N, Nzs3 n;
Map
NH N3z ns3; [4EE] ns
Grand Total N n.; ns n.

Suppose the objective is to assess the accuracy of a map with q categories and to estimate the
area of a particular map category. A sample of assessment units (e.g., pixels) is selected by simple
random, stratified random (with the map classes as strata), or systematic sampling. A sample error
matrix is constructed where the map categories (i=1,2,...,q) are represented by rows and the
reference categories (j = 1, 2, ..., q) by columns (Table 1). Note that in some presentations of an
error matrix (e.g. Card, 1982), the rows and columns are reversed. The basic principles of the



methods outlined below still apply to such situations but accommodation for the switch in row
and column contents is required

Table 1 illustrates the common practice of reporting the error matrix in terms of sample counts.
A more informative presentation of the error matrix is in terms of the unbiased estimator of the
proportion of area in cell j,j of the error matrix

where the total area of the map is Atot, the mapped area of category iis Am,j (subscript m denotes
“mapped”), and the proportion of the area mapped as category i is Wj = Am,j + Atot. The error
matrix in terms of estimsated area proportions is shown in Table 2. An advantage of the
presentation given in Table 2 is that accuracy and area estimates can be computed directly from
the error matrix.

Table 2 Error matrix of estimated area proportions, p”ij

Reference (samples)
PI PD NF Grand Total
Pl P11 P12 Pi3 pai.
Map PD P21 P22 P23 po2.
NH P31 P32 P33 ps.
Grand Total p.1 p.2 p.3 p..

Because of classification error, the mapped area proportions given by Am i*Atot are usually
biased when the objective is to estimate the true proportion of area of category i as determined
from the reference classification. Instead of obtaining the area directly from the map
classification, an area estimator can be based on the reference classification of each sample unit.
The area proportions for each reference-defined category j are estimated from the column totals
(p".j) in Table 2. An unbiased poststratified estimator of the total proportion of area i (based on

the reference classification) of poststratum i = 1...q and sample units y;j,j=1... nis (Cochran 1977,
Eg.5.1):

(1)

Lohr (1999, Eq 4.22) provides an approximation tor the variance estimator for the poststratified
estimate,

" d s2,

A 1
V) = W, -
i=1 n
()

which can be combined with Cochran’s expression for stratum variance (Cochran 1977, Eq. 3.5)
to derive an approximate poststratified variance estimator (Olofsson 2019, pers. comm..)

(3)



A 95% confidence interval for @i is + 1.96 4/ (V' (@)), for n > 30, and the margin of error is
(confidence interval / ii). Finally, the estimated total area in hectares for each stratum is (@i ) x
(total population area of 12,844,679 ha).

Result of the Assessment

Based on the assessment to the data between 2006 and 2016, the dynamic changes of land cover,
i.e. from forest to non-forest, primary to secondary forest, non-forest to forest, stable forest
(forest that remain unchanged between 2006 and 2016) and stable non-forest is found as
presented in Table 3. Total area of deforestation, degradation, forest gain, stable forest and
stable non-forest is presented in Table 4. From number of 639 sample units, the number of
sample for each land cover categories is given in Table 5. The result of the estimation of the area
proportion based on the number of sample units is given in Table 6.

Table 3 Dynamic change of land cover and its relation to REDD category activities

Primary forests | Secondary forests | Non-forest

Primary forests Stable forest Degradation Deforestation
Secondary forests | Stable forest Stable forest Deforestation
Non-forests Forest gain Forest gain Stable non forest

Table 4 Change of land covers between 2006 and 2016 based on National map

Class of Land Cover Change Total area in 2016 (ha)

Deforestation (Forest change to Non Forest) 700,917

Forest Degradation (Primary Forest change to Secondary Forest) | 93,906

Forest Gain (Non Forest to Forest) 373,136
Stable Forest 6,426,457
Stable Non Forest 5,153,509
Total 12,747,924

Table 5 Error matrix (nij) from comparison of map to reference data

Sample/Reference

Stable
Defore | Forest Forest | Stable Total Map Area
. . . Non- N-1 Wi
station | Degradation | Gain Forest (N) (Ha)
Forest
o | Deforestation 18 2 5 2 37 36 700,917 0.055
©
s | Forest . 5 ) 1
Degradation 93,906 0.007




Forest Gain 3 6 13 22 21 373,136 0.029
Stable Forest 20 1 271 27 329 328 | g 426,457 0.504
Stable Non-
17 1 19 212 249 248
Forest 5,153,509 0.404
Total 58 14 0 303 264 639 638 12,747,924 1.000
Table 6 Estimated area proportion (p”ij)
Sample/Reference
Defore | Forest Forest | Stable Stable Total Map Area
K . . Non- N-1 Wi
station | Degradation | Gain Forest (N) (Ha)
Forest
Deforestation | 0,027 0.003 0.000 | 0.007 | 0.018 | 0.055 700,917 0.055
Forest
Degradation 0.000 0.000 0.000 0.007 0.000 0.007 93,906 0.007
o | Forest Gain 0.004 0.000 0.000 | 0.008 | 0.017 | 0.029 373,136 0.029
2 | stable Forest 0.031 0.017 0.000 | 0.415 | 0.041 | 0.504 6,426,457 0.504
Stable  Non-
0.028 0.002 0.000 0.031 0.344 | 0.404
Forest 5,153,509 | 0.404
Total 0.089 0.021 0.000 0.469 | 0.421 1.000 12,747,924 | 1.000
User accuracy (Ui) 0.486 0.054 0.000 | 0135 | 0.324 | 1.000
Producer accuracy
(Pi) 0.301 0.139 0.000 0.016 0.042
Overall accuracy (O) 0.786

Table 7 shows the estimation of mean area, standard error, 95% confidence interval, and margin
of error for each of class using equations (1) and (3).

Table 7 Sample based estimates of the land cover changes, 2006-2016

Stratum Adjusted area | SE for the estimated Cl (95%) U (%)
(ha) area (ha)

Deforestation 1,134,381 135,710 265,993 23.45
Forest Degradation 273,451 72,826 142,739 52.20
Forest Gain NA NA NA

Stable Forest 5,977,154 170,810 334,788 5.60
Stable Non-Forest 5,362,939 166,678 326,689 6.09
Total 12,747,924 546,025 1,070,208 8.40

Referring to Table 7, the total area being deforested between 2006-2016 should be adjusted from
700,917 hato 1,134,381 ha. Thus thereis an in increase in the estimate of deforestation rate by
about 62% from the original. Similarly the sample based estimate of forest degradation has
increased from 93,906 ha to 273,451 ha, resulting in an increase of degradation rate by about
191% from the original. It is likely that at least some of this bias is a result of using a minimum
This size unit will miss instances of
deforestation or degradation when the area of the parcel is significantly smaller than 6.25 ha,
resulting in underestimation of estimates of deforestation and degradation when those processes
are increasing across the landscape.

mapping unit of 6.25 ha for creating the cover maps.




For purposes of estimating emissions from deforestation and degradation, we need to stratify the
total estimates of area into the original forest classes, to generate Activity Data for combining
with Emission Factors. We allocated the difference in total area of deforestation and degradation
(i.e. the adjustment) in simple equal proportional manner back to each of the estimates of land
cover change (2006 to 2009, 2009 to 2011, 2011 to 2012, etc).

The estimates of deforestation and degradation for the sample based estimation (SBE) and
uncertainty analysis are net changes from 2006-2016 because those are the two years for which
the post stratified sample data are available. However as discussed in Chapter 7, consideration
of deforestation and degradation focuses on C emissions only and does not take into account C
removals which might result from land which reverts from non-forest to forest, or from degraded
(secondary) forest to non-degraded (primary) forest.

Therefore for purposes of calculating emissions for the REL we will use total gross deforestation
and degradation which is defined as the aggregate of deforestation and degradation changes
measured in each of the year-pairs listed above (i.e. 2006-2009, 2009-2011, etc), without
considering C removals associated with non-forest to forest or secondary to primary forest
conversion. The 2006-2016 aggregate estimates of gross deforestation and degradation will
therefore be slightly higher than the 2006-2016 area estimates of net deforestation and
degradation used in the SBE.

In order to derive the SBE estimate of total gross deforestation and degradation area for 2006-
2016 we weighted the SBE estimates of total net deforestation and degradation using the ratio of
(gross mapped area / net mapped area) for deforestation and degradation separately:

SBE for gross deforestation = 1,134,381 * (712,282/700,916) = 1,152,774 ha

SBE for gross degradation = 273,451 * (103,442 /93,906) = 301,211 ha
With this approach, the total gross area by period by type will add up to reflect the total gross
degradation from 2006-2016. We chose this approach, as there is no other formal guidance for

how to do this. The result of adjustment compared to the original one can be seen in Tables 8, 9,
10, and 11.

Table 8 Area of net deforestation from 2006-2016 before sample based estimation

2016
Row Labels - 2006 2007 2010 2012 2014 5001 20071 20091 20092 20094 20121 20122 20141 50011 Grand Tota
2001 0 3,367 978 2,454 4 817 7,620
2002 0 51,608 | 230,501 | 225,146 168 91,016 29 860 474 41,763 134 17,061 17| 658,777
2006 2004 0 54 3 194 23 242 7 130 693
2005 1,216 118 1,334
20041 2 3 28 2,541 40 2,165 59 4,252 10 739 4,415 18 3 183 14,458
20051 1 5,829 352 4,308 4,603 203 392 2,238 39 18,034
Grand Total 2 51,611 | 234,021 | 235753 560 | 100,254 115 9,956 686 43,718 6,782 18 136 17,284 17| 700,917



Table 9 Aggregate of all gross deforestation estimates for each pair of map years (ha), from 2006 to

2016

Terminal Forest Class

Row 2006 | 2007 | 2010 | 2012 | 2014 | 5001 | 20071 | 20091 | 20092 | 20094 | 20121 | 20122 | 20141 | 50011 | Total
Label
2001 7123 | 1,583 3,038 | 2 603 12,348
[ 2002 66,891 | 484,306 | 190,353 | 280 | 229,514 | 44 | 1,399 | 573 | 77,266 | - 33,499 | 2 1,084,127
112:‘231 2004 83 72 314 38 | 391 12 210 4 1,125
dase | 2005 731 195 } ; } ; 926
20041 5 53 3521 | 67 | 3667 |94 | 7639 1,366 | 6,953 | 30 4 356 23,760
20051 : 115 3112 | 570 | 11,440 | - 10,876 | 54 634 | 3,622 64 - 30,487
Total 66,896 | 491,680 | 199,373 | 917 | 248,168 | 177 | 20,305 | 628 | 79,881 | 10,785 | 30 3 33,923 | 2 1,152,774

Table 10 Area of net forest degradation from 2006-2016 before sample-based estimation

2016
2006 | Code 2002 20041 20051 Grand
Total
2001 92,539 92,539
2004 576 576
2005 792 792
Grand Total 92,539 | 576 792 93,906

Table 11. Aggregate of all gross forest degradation estimates for each pair of map years (ha), from 2006

to 2016
Terminal Forest Class Grand Total
Initial Row Labels 2002 20041 20051
Primary 2001 294,987 - - 294,987
Forest 2004 - 1,691 - 1,691
Class | 2005 - - 4,532 4,532
Grand Total 294,987 1,691 4,532 301,211




