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SUPPLEMENTARY MATERIAL II
Accuracy Assessment and Area Estimation for Landsat 8 and Sentinel-2 Land Use and Land Cover Classifications
Port-au-Prince Arrondissement, Haiti, 2015 to 2025
Associated manuscript: Urban Expansion Across a Mountain-to-Coastal Gradient and Its Implications for Hydrogeomorphic Risk in Port-au-Prince, Haiti
This supplementary material provides the complete methodological and statistical record for the land-use and land-cover classifications used in the associated manuscript. It covers Landsat 8 Operational Land Imager data for 2015, 2020, and 2025 and Sentinel-2 Multispectral Instrument data for 2025. The document reports image dates, native spectral-index equations, class definitions, reference-sample allocation, pixel-count error matrices, global and class-specific validation measures, and Landsat 8 error-adjusted area estimates with nominal 95 percent confidence intervals. Area estimation follows Olofsson et al. (2014). Sentinel-2 error-adjusted areas are not reported because the supplied validation output did not include the area-weighted matrix required for that calculation.
SII.1. Methodological definitions
Landsat 8 scenes were acquired on 29 December 2015, 24 August 2020, and 4 March 2025. The years define the beginning, midpoint, and end of the ten-year assessment. Each date was selected as the lowest cloud observation close to the target year with less than 10 percent cloud cover. Sentinel-2 supplied the independent 2025 comparison at 10 m spatial resolution.
Surface reflectance was used to calculate the three spectral indices that supported training-sample selection. The indices were interpreted jointly with multispectral reflectance and visual evidence; none was applied as a deterministic class threshold. Equations (SII.1)–(SII.3) define NDVI, NDWI, and NDBI.
		(SII.1)
		(SII.2)
		(SII.3)
Accuracy statistics were calculated from independent validation samples. Equations (SII.4)–(SII.8) define overall accuracy, producer’s accuracy, user’s accuracy, F1 score, and Cohen’s Kappa. The symbols are defined immediately after the equation group.
		(SII.4)
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		(SII.6)
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For Landsat 8, mapped classes were treated as strata. Equations (SII.9)–(SII.13) define the mapped-area weight, area-weighted error-matrix proportion, error-adjusted class area, standard error, and nominal 95% confidence interval following Olofsson et al. (2014).
		(SII.9)
		(SII.10)
		(SII.11)
		(SII.12)
		(SII.13)
These nominal intervals quantify reference-sample uncertainty only. They exclude labelling error, seasonal acquisition differences, classifier specification, spatial autocorrelation, and unequal validation allocation, and must therefore be interpreted jointly with global and class-specific accuracy measures.
SII.2. Classification framework and summary statistics
Table SII.1. Land-use and land cover classes adopted consistently in the Landsat 8 and Sentinel-2 classifications.
	Class code
	Class name
	Biophysical definition and primary mapping evidence

	Class 1
	Vegetation
	Arboreal, forest, herbaceous, and grassland vegetation supported by relatively high NDVI and vegetated texture.

	Class 2
	Water
	Permanent visible surface water supported by positive water contrast in NDWI and low near infrared reflectance.

	Class 3
	Exposed soil
	Exposed or sparsely vegetated mineral surfaces supported by bright mineral response, low vegetation signal, and visual texture.

	Class 4
	Built-up area
	Buildings, roads, and predominantly impervious surfaces supported by built-up contrast, compact geometry, roads, and roof patterns.



Table SII.2. Summary of global classification accuracy for Landsat 8 and Sentinel-2.
	Year
	Sensor
	Spatial resolution (m)
	Reference pixels (n)
	Overall accuracy (%)
	Kappa coefficient

	2015
	Landsat 8 OLI
	30
	3,540
	98.44
	0.9704

	2020
	Landsat 8 OLI
	30
	979
	95.92
	0.9362

	2025
	Landsat 8 OLI
	30
	1,328
	94.13
	0.9069

	2025
	Sentinel-2 MSI
	10
	3,005
	99.35
	0.9908



Table SII.3. Distribution of reference pixels by class, sensor, and reference year.
	Year
	Sensor
	Vegetation
	Water
	Exposed soil
	Built-up area
	Total

	2015
	Landsat 8 OLI
	2,577
	108
	490
	365
	3,540

	2020
	Landsat 8 OLI
	246
	33
	122
	578
	979

	2025
	Landsat 8 OLI
	485
	35
	212
	596
	1,328

	2025
	Sentinel-2 MSI
	266
	697
	1,396
	646
	3,005


Note. PA denotes producer's accuracy; UA, user's accuracy; F1, the harmonic mean of PA and UA; CI, confidence interval. Omission error equals 100 − PA, commission error equals 100 − UA, and F1 = 2(PA × UA)/(PA + UA). Landsat 8 areas were converted from square metres to square kilometres; small discrepancies may occur because of rounding.
SII.3. Landsat 8 OLI classification for 2015
Table SII.4. Pixel-count error matrix for the 2015 Landsat 8 land use and land cover classification.
	Mapped class / Reference class
	Vegetation
	Water
	Exposed soil
	Built-up area
	Mapped total

	Vegetation
	2,572
	0
	0
	0
	2,572

	Water
	5
	108
	0
	0
	113

	Exposed soil
	0
	0
	439
	0
	439

	Built-up area
	0
	0
	51
	365
	416

	Reference total
	2,577
	108
	490
	365
	3,540


Note. Rows represent mapped classes and columns represent reference classes. Shaded diagonal cells indicate agreement between mapped and reference labels.
Table SII.5. Class-specific accuracy statistics for the 2015 Landsat 8 classification.
	Class
	Producer accuracy / omission error (%)
	User accuracy / commission error (%)
	F1 score (%)
	Class-specific Kappa

	Vegetation
	99.99 / 0.01
	100.00 / 0.00
	99.99
	1.0000

	Water
	100.00 / 0.00
	95.58 / 4.42
	97.74
	0.9557

	Exposed soil
	93.97 / 6.03
	100.00 / 0.00
	96.89
	1.0000

	Built-up area
	100.00 / 0.00
	87.74 / 12.26
	93.47
	0.8621



Table SII.6. Mapped and error-adjusted land cover area estimates for the 2015 Landsat 8 classification. The four class estimates sum to 727.635 km².
	Class
	Mapped area (km²)
	Error-adjusted area (km²)
	Adjusted − mapped (km²)
	Standard error (km²)
	Nominal 95% CI (km²)

	Vegetation
	458.012
	458.080
	0.068
	0.030
	[458.021, 458.139]

	Water
	1.546
	1.478
	-0.068
	0.030
	[1.419, 1.537]

	Exposed soil
	175.995
	187.284
	11.289
	1.482
	[184.378, 190.190]

	Built-up area
	92.082
	80.793
	-11.289
	1.482
	[77.887, 83.698]


SII.4. Landsat 8 OLI classification for 2020
Table SII.7. Pixel-count error matrix for the 2020 Landsat 8 land use and land cover classification.
	Mapped class / Reference class
	Vegetation
	Water
	Exposed soil
	Built-up area
	Mapped total

	Vegetation
	212
	0
	0
	0
	212

	Water
	13
	25
	0
	0
	38

	Exposed soil
	21
	0
	121
	0
	142

	Built-up area
	0
	8
	1
	578
	587

	Reference total
	246
	33
	122
	578
	979


Note. Rows represent mapped classes and columns represent reference classes. Shaded diagonal cells indicate agreement between mapped and reference labels.

Table SII.8. Class-specific accuracy statistics for the 2020 Landsat 8 classification.
	Class
	Producer accuracy / omission error (%)
	User accuracy / commission error (%)
	F1 score (%)
	Class-specific Kappa

	Vegetation
	92.50 / 7.50
	100.00 / 0.00
	96.10
	1.0000

	Water
	30.26 / 69.74
	65.79 / 34.21
	41.45
	0.6558

	Exposed soil
	99.73 / 0.27
	85.21 / 14.79
	91.90
	0.8146

	Built-up area
	100.00 / 0.00
	98.47 / 1.53
	99.23
	0.9777



Table SII.9. Mapped and error-adjusted land cover area estimates for the 2020 Landsat 8 classification. The four class estimates sum to 727.635 km².
	Class
	Mapped area (km²)
	Error-adjusted area (km²)
	Adjusted − mapped (km²)
	Standard error (km²)
	Nominal 95% CI (km²)

	Vegetation
	322.827
	349.015
	26.187
	5.153
	[338.915, 359.115]

	Water
	2.071
	4.503
	2.432
	1.116
	[2.317, 6.690]

	Exposed soil
	172.286
	147.200
	-25.086
	5.166
	[137.075, 157.324]

	Built-up area
	230.450
	226.917
	-3.533
	1.170
	[224.624, 229.210]


SII.5. Landsat 8 OLI classification for 2025
Table SII.10. Pixel-count error matrix for the 2025 Landsat 8 land use and land cover classification.
	Mapped class / Reference class
	Vegetation
	Water
	Exposed soil
	Built-up area
	Mapped total

	Vegetation
	482
	0
	0
	3
	485

	Water
	1
	24
	1
	6
	32

	Exposed soil
	2
	0
	208
	62
	272

	Built-up area
	0
	11
	3
	525
	539

	Reference total
	485
	35
	212
	596
	1,328


Note. Rows represent mapped classes and columns represent reference classes. Shaded diagonal cells indicate agreement between mapped and reference labels.

Table SII.11. Class-specific accuracy statistics for the 2025 Landsat 8 classification.
	Class
	Producer accuracy / omission error (%)
	User accuracy / commission error (%)
	F1 score (%)
	Class-specific Kappa

	Vegetation
	99.60 / 0.40
	99.38 / 0.62
	99.49
	0.9900

	Water
	29.56 / 70.44
	75.00 / 25.00
	42.40
	0.7469

	Exposed soil
	98.27 / 1.73
	76.47 / 23.53
	86.01
	0.7246

	Built-up area
	90.03 / 9.97
	97.40 / 2.60
	93.57
	0.9518



Table SII.12. Mapped and error-adjusted land cover area estimates for the 2025 Landsat 8 classification. The four class estimates sum to 727.635 km².
	Class
	Mapped area (km²)
	Error-adjusted area (km²)
	Adjusted − mapped (km²)
	Standard error (km²)
	Nominal 95% CI (km²)

	Vegetation
	277.774
	277.169
	-0.605
	1.222
	[274.774, 279.563]

	Water
	3.540
	8.982
	5.442
	1.910
	[5.239, 12.725]

	Exposed soil
	136.284
	106.054
	-30.231
	3.651
	[98.897, 113.210]

	Built-up area
	310.037
	335.430
	25.394
	4.198
	[327.202, 343.658]


SII.6. Sentinel-2 MSI classification for 2025
Table SII.13. Pixel-count error matrix for the 2025 Sentinel-2 land use and land cover classification.
	Mapped class / Reference class
	Vegetation
	Water
	Exposed soil
	Built-up area
	Mapped total

	Vegetation
	266
	0
	0
	0
	266

	Water
	0
	697
	0
	0
	697

	Exposed soil
	0
	0
	1,383
	7
	1,390

	Built-up area
	0
	0
	13
	639
	652

	Reference total
	266
	697
	1,396
	646
	3,005


Note. Rows represent mapped classes and columns represent reference classes. Shaded diagonal cells indicate agreement between mapped and reference labels.

Table SII.14. Class-specific accuracy statistics for the 2025 Sentinel-2 classification.
	Class
	Producer accuracy / omission error (%)
	User accuracy / commission error (%)
	F1 score (%)
	Class-specific Kappa

	Vegetation
	100.00 / 0.00
	100.00 / 0.00
	100.00
	1.0000

	Water
	100.00 / 0.00
	100.00 / 0.00
	100.00
	1.0000

	Exposed soil
	97.62 / 2.38
	99.50 / 0.50
	98.55
	0.9935

	Built-up area
	99.58 / 0.42
	98.01 / 1.99
	98.79
	0.9728


Note. F1 scores were calculated from the producer accuracy and user accuracy values reported in the supplied Sentinel-2 accuracy file. The class-specific indices are reproduced as supplied and may not equal ratios reconstructed from Table SII.13 because the exported accuracy file and count matrix represent separate workflow outputs and any upstream weighting was not retained. Sentinel-2 area-adjusted estimates are not reported because the required area-weighted matrix was unavailable.
SII.7. Descriptive comparison of 2025 classification accuracy
The 2025 comparison is diagnostic rather than experimental. Landsat 8 and Sentinel-2 were evaluated with independent reference samples of unequal size, so reported differences do not constitute a paired statistical test. Sentinel-2 attained 99.35 percent overall accuracy and a Kappa coefficient of 0.9908. The decline in Landsat 8 Kappa from 0.9704 in 2015 to 0.9069 in 2025 cannot be attributed to sensor deterioration. It coincided with changes in validation allocation, class prevalence, acquisition season, and confusion among water, exposed soil, vegetation, and built-up area in a more heterogeneous mapped landscape. Water producer accuracy was 30.26 percent in 2020 and 29.56 percent in 2025, corresponding to omission errors of 69.74 and 70.44 percent. Since water occupied less than 0.5 percent of mapped area, a small number of disagreements exerted a substantial influence on its class-specific accuracy. Interpretation therefore follows Olofsson et al. (2014) by considering class-specific measures and error-adjusted areas together with global accuracy.

Table SII.15. Descriptive comparison of the 2025 Landsat 8 and Sentinel-2 accuracy assessments.
Panel A. Global accuracy statistics
	Metric
	Landsat 8 OLI
	Sentinel-2 MSI
	Sentinel-2 − Landsat 8

	Reference pixels (n)
	1,328
	3,005
	1,677

	Overall accuracy (%)
	94.13
	99.35
	5.22 pp

	Kappa coefficient
	0.9069
	0.9908
	0.0839


Panel B. Class-specific accuracy statistics
	Class
	Producer accuracy: L8 → S2 (Δ)
	User accuracy: L8 → S2 (Δ)
	F1 score: L8 → S2 (Δ)

	Vegetation
	99.60 → 100.00 (0.40)
	99.38 → 100.00 (0.62)
	99.49 → 100.00 (0.51)

	Water
	29.56 → 100.00 (70.44)
	75.00 → 100.00 (25.00)
	42.40 → 100.00 (57.60)

	Exposed soil
	98.27 → 97.62 (-0.65)
	76.47 → 99.50 (23.03)
	86.01 → 98.55 (12.54)

	Built-up area
	90.03 → 99.58 (9.55)
	97.40 → 98.01 (0.61)
	93.57 → 98.79 (5.22)


Note. PA, UA, and F1 values are percentages. Delta (Δ) values correspond to Sentinel-2 minus Landsat 8 and are expressed in percentage points. A positive Δ indicates a higher reported value for Sentinel-2; a negative Δ indicates a lower reported value.

Area adjustment preserved the direction of the principal transitions but increased the built-up gain from the mapped 217.955 km² to 254.637 km² and yielded vegetation loss of 180.911 km². Mapped totals and adjusted estimates are therefore reported separately. The water change is interpreted cautiously because its 2015 baseline was very small and later omission error was high.

Table SII.16. Error-adjusted Landsat 8 class areas and changes from 2015 to 2025.
	Class
	2015 adjusted area (km²)
	2020 adjusted area (km²)
	2025 adjusted area (km²)
	Change from 2015 to 2025 (km²)
	Relative change (%)

	Vegetation
	458.080
	349.015
	277.169
	−180.911
	−39.49

	Water
	1.478
	4.503
	8.982
	7.504
	507.71

	Exposed soil
	187.284
	147.200
	106.054
	−81.230
	−43.37

	Built-up area
	80.793
	226.917
	335.430
	254.637
	315.17


Note. Relative change was calculated from the error-adjusted 2015 baseline. Nominal 95 percent confidence intervals for each annual class estimate are reported in Tables SII.6, SII.9, and SII.12.
SII.8. Interpretation of classification uncertainty
All four classifications attained high global agreement, but class-specific performance varied with landscape composition and class prevalence. The gradual decline in Landsat 8 Kappa coincided with expansion of built-up land across vegetated and exposed surfaces, which increased boundary complexity and the frequency of mixed pixels. The available design does not permit a formal decomposition of that decline because the reference samples, class proportions, and acquisition dates differ among years. Kappa is therefore retained for comparability and interpreted together with producer accuracy, user accuracy, F1 score, error matrices, and error-adjusted area estimates.
The water class requires particular caution. Its very small mapped extent means that few omitted reference observations produce large changes in producer accuracy. Error-adjusted area estimates and nominal 95 percent confidence intervals provide the principal basis for quantifying land-cover change because they propagate the supplied reference disagreement into class area. The intervals remain conditional on the sampling and response design and do not include uncertainty from reference labeling, seasonal acquisition, classifier choice, or temporal differences in validation allocation.
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