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Materials and Methods Satellite Imagery We used data from 101 Landsat 7 Enhanced Thematic Mapper-Plus (ETM+) and Landsat 5 Thematic Mapper (TM) satellite images acquired between 1999 and 2005 to calculate annual rates of forest damage extent and intensity in up to 24 satellite path/rows, or 79% of the Peruvian Amazon tropical forest region, as defined by WWF ecoregions (S1), and containing the two areas known for their high rates of deforestation in the Peruvian Amazon: eastern Madre de Dios (S2) and Pucallpa (S3).



GIS Spatial Layers GIS data used in the spatial analysis: Peru Natural Protected Areas – Intendencia de Áreas Naturales Protegidas, INRENA, 2006; Demarcated and Titled Indigenous Territories – Instituto del Bien Común, 2006; Madre de Dios State Reserve (Indigenous Peoples in Voluntary Isolation) – Centro de Información Forestal, INRENA, 2005; Permanent Production Forests, and Forest Concession Units – Intendencia Forestal y de Fauna Silvestre, INRENA, 2006; Peru Forest Map – INRENA, 2000; Peru Hydrography, Roads, Administrative/Political Boundaries, Place Names, Digital Terrain Elevation – ESRI Digital Chart of the World, 2000.



CLAS This expanded version of the Carnegie Landsat Analysis System (CLAS1.1) was developed based on the CLAS detection algorithm (S4). For this paper, we have optimized the automation of CLAS, and improved it with new atmospheric and haze correction procedures,
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Science Online Materials – Land-Use Allocation Protects the Peruvian Amazon adjustable bad pixel masking techniques, improved detection for low forest disturbance intensity, and a new deforestation (clear-cutting) detection module. CLAS includes automated procedures to apply sensor gains and offsets to convert digital numbers to radiances, the 6S atmospheric radiative transfer model to derive apparent surface reflectance for each image pixel (S4, S5), and automated probabilistic spectral mixture analysis to decompose each pixel into fractional cover estimates of three spectral endmembers: photosynthetic vegetation (PV), non-photosynthetic vegetation (NPV), and bare substrate (S). CLAS1.1 utilizes a newly optimized automated version of the Monte Carlo Unmixing (AutoMCU) approach to derive uncertainty estimates of the sub-pixel cover fraction values (S68), and new spectral reflectance bundles were developed from field studies and spectroscopic measurements taken by the EO-1 Hyperion sensor (S4).



Image Intake In addition to Landsat 7 ETM+, this new version of CLAS can also accept imagery from Landsat 5 TM, SPOT-1, SPOT-2, and EO-1 ALI, and is readily adaptable to ingest other satellite imagery sources. We created additional spectral libraries for each satellite type, modified the 6S atmospheric correction program to incorporate the spectral response of each satellite, and the entire algorithm was re-factored using an object-oriented approach to allow new satellites to be added with relative ease.



Atmospheric and Haze Correction We developed an improved automated atmospheric correction process for CLAS1.1 that uses one degree cell monthly averages of MODIS water vapor and aerosol optical thickness data,
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Science Online Materials – Land-Use Allocation Protects the Peruvian Amazon and an empirical haze equalization routine was added to the data stream to improve images corrupted by the effects of heterogeneous aerosol scattering (S9). Haze-equalization is as an optional step in the data stream, and uses the fact that haze is only present in the visible bands of some images to remove its spatial variation, spreading it evenly across the image, thus improving the efficacy of the 6S atmospheric correction procedure. CLAS1.1 also includes an improved, automated process to mask out clouds, water bodies, cloud shadows and non-image areas (S4, S7, S10), and adds an adjustable low-pass filter component at the end of this processing stream to smooth the edges of the cloud masks, which effectively removes “cloud rings”, or pixels generally located around the edge of clouds where minor atmospheric moisture effects generate errors in surface reflectance values.



Forest Disturbance and Deforestation Detection Following image calibration and correction, an image differencing automated procedure applies a change detection algorithm to stacked pairs of AutoMCU fractional cover images separated by approximately one year to create “damage images”. This algorithm uses the following input parameters: •



PV0, NPV0 and S0 fractional cover values from the “before” image



•



PV1, NPV1 and S1 fractional cover values from the “after” image



•



Fractional cover value differential between PV, NPV and S of “before” and “after” images



The procedure compares these values, pixel by pixel, according to forest disturbance detection criteria based on previous field studies and validation results (S4), and automatically produces
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Science Online Materials – Land-Use Allocation Protects the Peruvian Amazon damage maps where detected changes to fractional cover values correspond to either areas of canopy disturbance, or of major loss of forest cover (deforestation): •



Damage image pixel values: o



0 – no data (masked out due to river/cloud/cloud edge/image edge)



o 128 – no change (no forest canopy disturbance detected between “before” and “after” image) o 200 – forest disturbance (small/moderate loss of forest canopy cover according to the below criteria) o 255 – deforestation (major/total loss of forest canopy cover according to the below criteria) These criteria are specified below, where X0 and X1 indicate fractional cover values in percentage of spectral endmember X in “before” and “after” images, respectively. Forest Disturbance Automatic Detection Criteria •



PV1-PV0 >= -40



and •



PV0 > 80 and NPV0 < 25 and S0 < 15



and •



PV1 < 85 and NPV1 > 15 and S1 < 7



and •



(PV1-PV0 < -6 and 7 < NPV1-NPV0 < 14 and S1-S0 >= -1) or (PV1-PV0 < -7 and NPV1-NPV0 > 13 and S1-S0 < -1)



and
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pixel is not detected as deforestation Deforestation Automatic Detection Criteria



•



PV0 > 60



and •



(-100 < PV1-PV0 < -40 and NPV1-NPV0 > 4) or o (NPV0 < 30 and S0 < 15) and o (PV1  20 and S1 >= 0) and o (PV1-PV0 < -9 and NPV1-NPV0 > 15 and S1-S0 > -99.9)



An additional automated procedure removes isolated pixels that have been found to be often associated with natural variations in forest phenology and are erroneously signaled as damage, leaving contiguous detected disturbance as the main focus of the study.



Manual Audit The CLAS1.1 version of the methodology for the detection of human-induced disturbances to forest canopies is the result of a research effort that included a succession of algorithm developments based on extensive field data collection campaigns in a variety of neotropical landscapes (S8, S11). However, similar studies have found that certain landscape characteristics and atmospheric conditions may generate signals that make it difficult to separate natural from anthropogenic forest canopy variation, making it necessary to perform a thorough review of all the damage maps and remove obvious patterns of natural phenological and
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Science Online Materials – Land-Use Allocation Protects the Peruvian Amazon hydrologic changes and fire (S4). Thus, all maps of forest disturbance events were visually checked and audited, and areas automatically detected as damage that failed to meet the set of criteria listed below were manually removed, leaving forest disturbances that were likely to have resulted from human activities as the main focus of this study. Deforestation detections were not manually audited. Forest Disturbance Manual Audit Criteria Pixels considered forest disturbance: •



occurred in or around obvious linear patterns, or were attributable to road or trail construction or other obvious human activity



or •



were located next to means of access such as roads, rivers, or anthropogenic non-forest areas such as urban settlements, agricultural or pasture fields, or other cleared areas



or •



were detected near previous deforestation or previously detected disturbance activity, and evidence of damage: o is not consistent with patterns of phenological changes to forest at regional scale o is not obviously due exclusively to fire o near rivers is not consistent with patterns obviously attributable to hydrological variation



Damage Detection Validation A field validation study of the detection algorithm was performed by an independent team in the Peruvian Amazon tropical forest. An area of approximately 100 x 100 km was selected based on the following criteria:
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Error and cloud free satellite data existed for the 2004 and 2005 images



•



The area was known for recent forest disturbance activity, and damage was detected in the region in that time period



•



The region was reasonably accessible for field validation crew



This area of the lower Pachitea River and Ucayali River regions covered the satellite path/row 006/066 between the images collected on 8/3/2004 and 9/23/2005. Seventy-one detected zones were chosen according to the below criteria: •



Each area formed a cluster of pixels detected as damage, both forest disturbance and deforestation, with an overall footprint area of at least 10 ha



•



The pixels detected as damaged occupied at least 50% of the footprint area



•



A “core area” of 25 cells (5x5) was designated within each footprint, where damaged pixels covered at least 75% of that area



•



A validation site was created in the center pixel of each “core area”, and four subplot points, established by cardinal direction at a 50 m distance from the central point, were chosen for field validation



A subset of 42 sites that were accessible and precisely locatable by means of a GPS was subject to field validation from among the 71-site set. This subset was further divided into 24 deforested (DF) and 18 disturbed (DI) sites, based on the four subplot average of the automated detection criteria classification of the mean endmember values (PV, NPV, and S) for pixels inside each subplot.
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Science Online Materials – Land-Use Allocation Protects the Peruvian Amazon Validation Methodology The following validation protocol was established: •



From each study site, four 50 m transects were established by cardinal direction, at the end of which four subplot points were placed and subject to the following three validation estimates: o At each validation point a spherical convex canopy densiometer was used to measure percent of canopy gap o A visual evaluation of the area within a circle of 25 m radius was done to assess anthropogenic presence based on percent of affected surface using as criteria the existence of compacted soil, and the presence of damage to trees or understory due to recent logging activity o The amount of woody debris remaining from logging operations in that same area was estimated, and classified in a qualitative scale from 0 (none) to 1 (very low), 2 (low), 3 (medium), 4 (high), to 5 (most timber on the ground)



•



Based on the three above estimates, a visual inspection, and available information collected from the local population, the subplot validation point was classified into the following four validation categories (S11): o Not damaged (ND) ƒ



No evidence of forest damage was found and canopy gap fraction not greater than 4%



o Partially damaged due to natural processes (DN)
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Canopy gap fraction greater than 4% and smaller than 50%, and presence of damaged trees and/or woody debris, but no evidence of anthropogenic presence on surface



o Partially damaged due to anthropogenic disturbance (DA) ƒ



Canopy gap fraction greater than 4% and smaller than 50%, and evidence of anthropogenic presence on surface



o Deforested (DF) ƒ



Canopy gap fraction greater than 50% and evidence of anthropogenic presence on surface



•



DN study sites were considered as such if forest damage not attributable to human impacts was found in at least one of its four validation points, other points being ND; DA sites were considered as such if human related disturbance was found in at least one of its four validation points, other points being ND or DN; DF sites were considered as such if damage resulting in residual or no forest cover was found in at least two of its four validation points. Validation Results The results from the independent field validation study show that detected damage was



successful in 40 out of a total of 42 sites, for a 95% success ratio (Table S8). The validation of the areas detected as damage between image dates from August-04 and September-05 did not occur until December-06/January-07. As a result, areas where forest disturbance had been detected that were found to have been further cleared or converted were deemed a successful detection, as further damage as a result of human presence and/or fire was likely to have occurred.
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Science Online Materials – Land-Use Allocation Protects the Peruvian Amazon Out of 18 sites selected as disturbed forest, 33% were found to have later been converted to agriculture or pasture, 11% had been selectively logged, 28% had only secondary growth, mostly after fire events and consequent tree falls, 17% were mature forests where tree falls had occurred from apparently natural reasons, and only 11% were false detections of intact forest sites. From the 24 sites selected as deforested areas, 29% had been converted to agriculture, 63% had only secondary growth, mostly after fire events and consequent tree falls, 4% had been selectively logged, and only 4% were mature forests where tree falls had occurred from apparently natural reasons. The three recently logged sites showed canopy openness ranging from 25% to 40%. Canopy gap percentage was not measured in the field for forested areas with no anthropogenic impact, although natural tree fall was found in five sites. In these cases, a range of 0-5% gap fraction was used as an estimation of canopy openness (S12). These results support the robustness of our methodology.



Uncertainty Analysis Four sources of uncertainty in the final results of this study were considered, namely: auditor uncertainty, atmospheric uncertainty, uncertainty due to unobserved areas caused by persistent cloud cover, and uncertainty due to the seasonality of logging operations: Atmospheric Correction, Cloud and Seasonality Uncertainties •



Past studies using similar methodology and data sets have shown that atmospheric correction errors are minimal, as the difference in automatically detected logged area between the atmospherically corrected image and an image with randomly selected atmospheric characteristics was found to be no higher than ±0.7% of total logged area (S4, S10)
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Image dates were selected to minimize cloud cover, so most unobserved areas due to persistent cloud cover are typically located in high altitude or steep terrain in the Andes foothills, marginally considered as belonging to tropical forest ecosystems, and where forest disturbance activities are known to be minimal



•



The seasonal predictability of logging operations, while generally coinciding with the meteorological dry season, cannot, for the particular case of the Peruvian Amazon, be entirely relied upon for the purpose of annualization of results, since logging practices vary locally according to rainfall and access conditions. On occasions, the first heavy rains are actually an advantage, as a rise in the water level helps in moving the logs to be floated downstream (S13)



•



Rainfall is higher in the three northernmost rows, 061, 062 and 063, making it difficult to establish a clear timing for the dry season there; however, these areas have generally lower forest damage rates as a result of lack of access



•



Precipitation data from The Global Historical Climatology Network (S14) for Peruvian Amazon lowland stations and other stations in neighboring Amazon countries located not more than one satellite path/row length away, showed that the approximate fifty-year mean of the onset of the rainy season for most disturbed forest areas, located in path/rows of latitude greater than 5°S (i.e., satellite rows 064 and higher) was September 18 (S15), while the mean image acquisition date for this study was September 1, making the average portion of the harvest season not captured by our dataset almost negligible Auditor uncertainty The six satellite path/rows where the most automatically detected damaged areas had



been found were selected for the auditor uncertainty estimation, and one was chosen from each



11



Science Online Materials – Land-Use Allocation Protects the Peruvian Amazon year pair according to image availability and maximization of detected damage, namely: 003/068 from 2001-2002; 006/063 from 2002-2003; 006/066 from 2004-2005; 006/067 from 2003-2004; 007/065 from 1999-2000; and 007/066 from 2000-2001. Each image was divided, using a 6 x 6 cell grid, into 36 approximately equal squares, and the five squares with the most detected damage that were entirely within the Peruvian tropical forest portion of that path/row were selected. Two auditors reviewed the same five squares, and a test was performed in which they manually delineated, in areas that had been automatically detected as damage, those attributed to anthropogenic causes, to be extracted as forest disturbance and deforestation. The reviewed squares were then further divided, using a 3 x 3 cell grid, into nine equal plots each containing an approximately equally spaced circle with a four kilometer radius, two of which were chosen at random to become the units of analysis for the auditor uncertainty study. Forest disturbance, deforestation and total damage (forest disturbance + deforestation) area detections by each auditor were compared, and for each plot the standard deviation was divided by the mean of the detected area by the two auditors. The average of the standard deviations weighted by damage area provided an index for uncertainty between auditors, which was found to be 10.5% for probable logging, 0.4% for deforestation, and 3.3% for total damage (Table S6).



Damage Detection Results Damage in Conservation Units We calculated an index of damage normalized by the area of each land-use allocation class. This was calculated as the 1999-2005 annual mean, weighted by annual damage area, inside and outside of conservation units. This covered 97,766 km2 of natural protected areas and 57,899 km2 of indigenous territories, as well as 371,663 km2 outside of conservation units. We
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Science Online Materials – Land-Use Allocation Protects the Peruvian Amazon found that natural protected areas, with only 1.6 km2 of forest disturbance and 0.8 km2 of deforestation per 10,000 km2, had very low mean damage rates. Indigenous territories, with 12 km2 of disturbance and 9.5 km2 of deforestation per 10,000 km2 of area, had moderate damage levels. Both of these land-use types were afforded substantially more protection against forest damage than those outside any conservation unit, where rates were 16.6 and 19.4 km2 per 10,000 km2, respectively. To assess whether the lower damage rates found inside the 153,658 km2 of conservation units within our study area (Table 2) were simply due to their remote location, we analyzed the cumulative deforestation rates between 1999 and 2005 inside and outside of natural protected areas and indigenous territories for the subset of the Peruvian Amazon that is under the highest anthropogenic pressure, that is, located within 20 km of roads. We found only 240 km2 of deforestation inside the 20,906 km2 of conservation units that are within 20 km of roads, while the adjacent outside landscape of similar area (20,736 km2) suffered a clear-cutting rate of 988 km2, over four times higher than inside. Results from Table 2 about the percentage of damage found within indigenous territories refer to areas that belong to titled communities, as well as a large state reserve for peoples in voluntary isolation. In 2003-04, we found a forest disturbance rate of 11.1 km2 within the 8299 km2 of the Madre de Dios State Reserve for Indigenous Peoples in Voluntary Isolation. The damage was mostly concentrated in the Tahuamanu and Canales river watersheds near the Brazilian border, and appeared to extend from adjacent forest concessions. No substantial deforestation was detected there in any year, nor were forest disturbance rates noticeable in other years (S16).
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Science Online Materials – Land-Use Allocation Protects the Peruvian Amazon Deforestation Comparison The CLAS detected deforestation rate of 731 km2 yr-1 for the 1999-00 season is similar to the FAO average Peru primary forest loss estimate of 722 km2 yr-1 for the 1990-2000 period (S17), but is two to three times smaller than averages of 1496-2610 km2 yr-1 calculated by the Peruvian government for the same period (S18, S19), although their estimates include areas outside the Amazon tropical forest (Table S1). The CLAS deforestation rate of 1745 km2 yr-1 for the five scenes analyzed in 2004-05, corrected based on the proportion of total damage found in the 1999-00 study area that was within the five scenes common to 2004-05, are not much smaller than the FAO long-term average of 2246 km2 yr-1 for in 2000-2005. Damage by Administrative Region Table S2 shows that, in the portion of the study period for which there is coverage of most of the Peruvian Amazon, that is, 1999-2002, the detected damage was concentrated on the three administrative regions containing or neighboring the Pucallpa logging area, which contained 78% of all the damage (S16): •



Ucayali (30%)



•



Loreto (24%)



•



Huánuco (23%) The number of satellite scenes analyzed varied, but overall damage rates by region



remained approximately the same during the period, with a modest decrease in the last year due to only 17 satellite scenes being available for analysis, unlike the 23 scenes available for the initial two years. A decrease in detected damage rates in Loreto and San Martín between 1999-00 and 2000-01 could be attributed to a reduction, due to increased cloud cover, in the percentage of
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Science Online Materials – Land-Use Allocation Protects the Peruvian Amazon observable landscape for the path/row responsible for most of the regional damage, 007/065, from 72% to 55%. Damage by Satellite Path/Row Damage rates by Landsat path/row may have reflected regional trends associated with road construction such as the Inter-Oceanic Highway and the Iquitos-Nauta road, and coverage of forest concessions such as those in the central logging area around Pucallpa and in northeastern Madre de Dios, while temporal gaps and varying percentage of observable landscape may be responsible for other damage rate variations (Tables S3 and S7). Overall, path/rows covering some of these human impacted areas showed increased detected damage with time, in particular 006/066, 007/066 and 003/068. Damage by Land-Use Class and Forest Type On average, 43% of forest disturbance and 77% of deforestation took place within large land-use polygons designated by the Peruvian government as belonging to a mosaic of secondary forest and agricultural areas (Table S4). Clear-cutting of previously disturbed forest patches near already impacted areas might be a plausible explanation for this deforestation rate, while it is likely that many of these broad land-cover polygons may include forest fragments more prone to disturbances due to their proximity to different forms of land use. Detected damage did not affect any particular forest class disproportionately, as only two categories, the Bosque Húmedo Tropical de Colina Baja, with 162 km2, and the Bosque Húmedo Tropical con Bambú de Colina Baja, at 93 km2, had total annual damage rates above 60 km2 (S16). Damage in Forest Concessions We analyzed 4,985 km2 of Loreto concessions granted in the Iquitos logging region in 2004, 7,946 km2 in Ucayali allocated in 2002-03 in the Pucallpa/Atalaya logging regions, and
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Science Online Materials – Land-Use Allocation Protects the Peruvian Amazon 9,935 km2 of Madre de Dios concessions from the Tahuamanu/Tambopata logging regions, and compared their damage rates with those from the remaining portion of the non-overlapping path/row footprints covering, but excluding, these concessions: 46,980 km2 of path/rows 006/062 and 006/063 for the Loreto concessions, 18,120 km2 of 006/066 for Ucayali, and 15,663 km2 of 003/068 for Madre de Dios (S16). The results are presented in Table S5. Despite observing that forest disturbances occurred mostly within concessions, especially in the year they were officially granted, it is not clear how much of it can be directly attributed to legal or illegal forms of logging activities.



Deforestation Following Forest Disturbance Using our forest disturbance and deforestation maps in a spatially-explicit, time-series analysis, we quantified the rate of conversion from disturbed forest to clear-cutting. The result of this analysis is shown in Table S10.
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Science Online Materials – Land-Use Allocation Protects the Peruvian Amazon Table S1. Comparison between CLAS Peruvian Amazon deforestation rates and other available Peruvian forest estimates. 2



Source CLAS* † FAO ‡ INRENA/CIFOR ¶ CONAM/INRENA



-1



Deforestation rates (km yr ) 1999-2000



2004-2005



731 722 2610 1496



1745** 2246



* Detected deforestation based on 23 satellite scenes from 1999-00 covering 78% and five scenes from 2004-05 covering 21%. ** The 2004-05 damage rate, 1174 km2, was calculated from a smaller study area that that of 1999-00. To compare these numbers we developed a correction factor of 1.486 based on the proportion of total damage found in the 1999-00 study area that was within the five scenes common to 2004-05. †



FAO, Global Forest Resources Assessment 2005: Main Report , FAO Forestry Paper 147 (FAO, Rome, 2006). ‡ INRENA, Perú Forestal en Números 2002 , (INRENA, Lima, Perú, 2003). ¶



CONAM/INRENA, National Environmental Council and Program on National Capacity Strengthening for Managing the Impact of Climate Change and Air Contamination, Office for Transectoral Environmental Management and Natural Resource Evaluation and Information ("PROCLIM"), Mapa de Deforestación de la Amazonía Peruana – 2000 , Memoria Descriptiva, IM-03-02, Volumen I, Texto, (CONAM and INRENA, Lima, Peru, 2005).
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Table S2. Forest disturbance and deforestation area estimates for six largest Peruvian Amazon tropical forest administrative regions based on CLAS methodology. 2



Region



-1



1999-2000 rates (km yr ) Disturbed



Deforested p/r*



2



-1



2000-01 rates (km yr ) Disturbed



-1



Disturbed



Deforested p/r*



8



103 161 123 29 16 173



147 3 125 15 104 5 37 1 51 3 223 8



137 155 19 49 9 128



214 113 11 76 14 182



726 23



605



687 23



498



609 17



Huánuco Loreto Madre de Dios Pasco San Martin Ucayali



105 205 86 38 32 183



179 154 52 44 57 240



Total



648



3



Deforested p/r*



2



2001-02 rates (km yr )



15 5 1 3



* The number of satellite path/rows analyzed.



18



3 11 3 1 2 8



Science Online Materials – Land-Use Allocation Protects the Peruvian Amazon Table S3. Forest disturbance and deforestation rates for Peruvian tropical forest based on CLAS methodology by † satellite path/row . satellite path/row



1999-2000 (km2 yr-1) DI*



002/068 002/069 003/068 003/069 004/067 005/062 005/063 005/066 005/067 006/062 006/063 006/064 006/065 006/066 006/067 007/061 007/062 007/063 007/064 007/065 007/066 008/062 008/063 009/062 †



18 36 24 10 1 1 17 1 16 16 11 5 7 63 71 22 2 11 30 65 183 32 10



DF* 18 24 7 5 0 1 16 1 16 13 16 8 3 163 88 5 2 7 41 64 218 7 8



2000-2001 (km2 yr-1) % 100 87 83 68 39 33 81 100 94 76 52 76 95 86 60 72 61 68 55 72 71 84 53



DI* 19 65 12 39 3 5 8 4 30 5 7 8 3 87 69 2 2 19 32 63 116 14 5



DF* 9 78 6 21 2 3 4 1 13 5 10 15 3 109 77 1 2 6 52 52 222 5 3



2001-2002 (km2 yr-1) % 90



DI*



DF*



2002-2003 (km2 yr-1) %



14



9



85



5



2



69



4 7



1 2



92



4 25 23 32 6 5 101 127



1 10 14 32 7 4 194 160



95



30 59 22 32 7



32 111 10 20 2



55



DI*



DF*



2003-2004 (km2 yr-1) %



DI*



%



DI*



DF*



%



91 91



31



67



56



51



51



104 64



227 53



82



128



106



46



52



68



18



72



282



91



68



41 111



25 91



93



404



738



87



220



221



60



75 79 87



64



81 100 95 75 50 91 94 81 51



88 80 66



66



85 88 85 55



62



379 99



96 78



85 65



54 40 65 87 72 74 76 63



54 77 79 56



Calculated based on non-overlapping path/row footprint area within Peruvian tropical forest.



* DI - Forest disturbance; DF - Deforestation. %



DF*



2004-2005 (km2 yr-1)



Percentage of non-overlapping footprint area within study area not masked out due to clouds/ other interferences.
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Science Online Materials – Land-Use Allocation Protects the Peruvian Amazon Table S4. Forest disturbance and deforestation rates and percent within each Land Use Class and Forest Type†. 1999-2000 rates 2000-2001 rates 2001-2002 rates 2002-2003 rates (km2 yr-1)* (km2 yr-1)* (km2 yr-1)* (km2 yr-1)* Land Use Class / Forest Type



Actividad Agropecuaria / Bosque secundaria Bosque Húmedo Tropical de Colina baja Bosque Húmedo Tropical con Bambú de Colina baja Bosque Húmedo Tropical de Terraza baja Bosque Húmedo Tropical de Terraza alta Bosque Húmedo Tropical de Terraza baja inundable Bosque Húmedo Tropical de Terraza media Bosque Húmedo de Montaña Rio poligonal Bosque Húmedo Tropical Hidromórfico Other land cover classes



2004-2005 rates (km2 yr-1)*



1999-2005 mean (km2 yr-1)



DI‡ DF‡ Total



DI‡ DF‡ Total



DI‡ DF‡ Total



DI‡ DF‡ Total



DI‡ DF‡ Total



DI‡ DF‡ Total



DI‡ DF‡ Total



355 595 120 44 15 2 35 14 38 13 28 22 21 9 10 7 4 8 7 2 21 15



294 549 103 39 18 3 41 15 40 19 41 27 30 11 19 11 4 8 6 1 21 14



245 465 97 53 16 3 25 13 29 20 29 20 21 10 9 7 5 8 5 2 27 16



224 362 48 47 26 7 17 11 32 10 23 10 10 4 8 3 2 6 5 1 13 8



74 125 155 28 198 6 42 8 39 9 11 5 4 1 8 3 2 3 3 0 11 3



403 963 1365 163 77 239 247 19 266 102 39 141 30 11 41 43 17 60 26 11 37 15 6 21 4 10 15 13 3 16 25 18 43



266 510 114 48 87 7 44 17 35 14 29 17 19 8 12 6 3 7 6 2 20 12



951 163 17 49 51 50 30 17 11 9 36



% of total Actividad Agropecuaria / Bosque secundaria Bosque Húmedo Tropical de Colina baja Bosque Húmedo Tropical con Bambú de Colina baja Bosque Húmedo Tropical de Terraza baja Bosque Húmedo Tropical de Terraza alta Bosque Húmedo Tropical de Terraza baja inundable Bosque Húmedo Tropical de Terraza media Bosque Húmedo de Montaña Rio poligonal Bosque Húmedo Tropical Hidromórfico Other land cover classes



2003-2004 rates (km2 yr-1)*



54 18 2 5 6 4 3 2 1 1 3



81 6 0 2 2 3 1 1 1 0 2



843 143 21 56 59 68 42 30 12 7 35



% of total 69 12 1 4 4 4 2 1 1 1 3



48 17 3 7 7 7 5 3 1 1 3



79 6 0 2 3 4 2 2 1 0 2



710 150 19 38 49 49 31 16 12 7 43



% of total 64 11 2 4 4 5 3 2 1 1 3



48 19 3 5 6 6 4 2 1 1 5



†



75 9 0 2 3 3 2 1 1 0 3



587 96 33 28 42 33 14 12 8 6 22



% of total 63 13 2 3 4 4 3 1 1 1 4



55 12 6 4 8 6 2 2 0 1 3



77 10 2 2 2 2 1 1 1 0 2



% of total 67 11 4 3 5 4 2 1 1 1 2



Based on Peru Forest Map 2000 GIS spatial layer, by INRENA. * The number of satellite path/rows analyzed: 23 path/rows in 1999-2000, 23 in 2000-01, 17 in 2001-02, 5 in 2002-03, 3 in 2003-04, and 5 in 2004-05. ‡ DI - Forest disturbance; DF - Deforestation.
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199 183 205 50 48 16 5 11 4 3 13



13 28 36 8 7 2 1 2 0 0 2



65 15 3 4 5 3 1 1 1 0 1



% of total 27 25 28 7 7 2 1 1 1 0 2



38 15 23 9 3 4 2 1 0 1 2



82 7 2 3 1 1 1 1 1 0 2



776 162 93 60 48 46 27 18 10 8 32



% of total 61 11 12 6 2 3 2 1 1 1 2



43 18 12 6 6 5 3 2 1 1 3



77 9 1 3 3 3 1 1 1 0 2



58 14 8 5 4 4 2 1 1 1 3
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Table S5. Impacts of allocation of forest concessions on forest disturbance and deforestation , expressed as annual rates and as ¶ area-normalized indices . Loreto concession year 2004 DI‡ (km2 yr-1)



Ucayali concession years 2002-03



DF‡ ¶



(km2 yr-1)



DI‡ ¶



(km2 yr-1)



Madre de Dios concession years 2002-03



DF‡ (km2 yr-1)



¶



DI‡ ¶



(km2 yr-1)



DF‡ ¶



(km2 yr-1)



¶



All concessions (weighted by area) DI‡



DF‡



(km2 yr-1)



(km2 yr-1)



Inside concession



2000 (Before)



1



0.1



1



0.1



5



0.7



2



0.3



3



0.3



0



0.0



3



1



2005 (After)



3



0.5



1



0.1



28



3.6



7



0.9



176



17.8



6



0.6



87



5



Outside concession



2000 (Before)



26



0.6



28



0.6



58



3.2



160



8.9



21



1.4



7



0.4



35



65



2005 (After)



147



3.1



114



2.4



365



20.1



721



39.8



103



6.6



82



5.2



203



311



†



Based on GIS spatial layers Permanent Production Forests, and Forest Concession Units – Intendencia Forestal y de Fauna Silvestre, INRENA, 2006. Subsets of concessions were used whenever located within study area for all study years. ‡ DI - Forest disturbance rate; DF - Deforestation rate. ¶ 2 -1 2 Index: km yr of damage per 1,000 km of area analyzed inside and outside of concession.
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Science Online Materials – Land-Use Allocation Protects the Peruvian Amazon Table S6. Manual audit uncertainty analysis of forest disturbance (DI), deforestation (DF), and total damage detected by CLAS-II in non-overlapping path/row footprints of the study area.



satellite path/row



year



003/068 003/068 003/068 003/068 003/068 003/068 003/068 003/068 003/068 003/068 003/068 003/068 003/068 003/068 003/068 003/068 003/068 003/068 003/068 003/068 003/068 003/068 003/068 003/068 003/068 003/068 003/068 003/068 003/068 003/068 006/063 006/063 006/063 006/063 006/063 006/063 006/063 006/063 006/063 006/063 006/063 006/063 006/063 006/063 006/063 006/063 006/063 006/063 006/063 006/063 006/063 006/063 006/063 006/063 006/063 006/063 006/063 006/063 006/063 006/063 006/066 006/066 006/066 006/066 006/066 006/066 006/066 006/066 006/066 006/066 006/066 006/066 006/066 006/066 006/066 006/066 006/066 006/066 006/066 006/066 006/066 006/066 006/066 006/066 006/066 006/066 006/066 006/066 006/066 006/066



2001-02 2001-02 2001-02 2001-02 2001-02 2001-02 2001-02 2001-02 2001-02 2001-02 2001-02 2001-02 2001-02 2001-02 2001-02 2001-02 2001-02 2001-02 2001-02 2001-02 2001-02 2001-02 2001-02 2001-02 2001-02 2001-02 2001-02 2001-02 2001-02 2001-02 2002-03 2002-03 2002-03 2002-03 2002-03 2002-03 2002-03 2002-03 2002-03 2002-03 2002-03 2002-03 2002-03 2002-03 2002-03 2002-03 2002-03 2002-03 2002-03 2002-03 2002-03 2002-03 2002-03 2002-03 2002-03 2002-03 2002-03 2002-03 2002-03 2002-03 2004-05 2004-05 2004-05 2004-05 2004-05 2004-05 2004-05 2004-05 2004-05 2004-05 2004-05 2004-05 2004-05 2004-05 2004-05 2004-05 2004-05 2004-05 2004-05 2004-05 2004-05 2004-05 2004-05 2004-05 2004-05 2004-05 2004-05 2004-05 2004-05 2004-05



five most two damaged random damag squares plots 1- e type 9 1-36 21 21 21 21 21 21 23 23 23 23 23 23 30 30 30 30 30 30 31 31 31 31 31 31 32 32 32 32 32 32 14 14 14 14 14 14 20 20 20 20 20 20 28 28 28 28 28 28 29 29 29 29 29 29 31 31 31 31 31 31 5 5 5 5 5 5 11 11 11 11 11 11 12 12 12 12 12 12 17 17 17 17 17 17 19 19 19 19 19 19



2 2 2 5 5 5 1 1 1 9 9 9 2 2 2 3 3 3 3 3 3 9 9 9 4 4 4 7 7 7 2 2 2 5 5 5 4 4 4 7 7 7 2 2 2 6 6 6 2 2 2 4 4 4 1 1 1 7 7 7 1 1 1 6 6 6 4 4 4 8 8 8 7 7 7 8 8 8 5 5 5 6 6 6 4 4 4 5 5 5



DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total



Manual audit accepted damage Auditor 1 [pixels]*



Auditor 2 [pixels]*



Mean [pixels]*



std [pixels]*



0 0 0 0 0 0 0 0 0 0 0 0 323 21 344 0 0 0 14 0 14 9 0 9 0 0 0 223 56 279 0 20 20 10 10 20 699 881 1580 615 1200 1815 301 653 954 580 973 1553 710 478 1188 442 1240 1682 52 0 52 1808 1235 3043 1238 1180 2418 5010 25204 30214 1697 10958 12655 3836 6547 10383 113 10337 10450 2432 12745 15177 538 10907 11445 743 5200 5943 12321 13636 25957 1667 1078 2745



0 0 0 0 0 0 0 0 0 0 0 0 190 21 211 0 0 0 0 0 0 112 15 127 0 0 0 209 56 265 0 13 13 63 10 73 689 878 1567 615 1200 1815 301 653 954 640 921 1561 571 431 1002 423 1233 1656 0 0 0 1793 1230 3023 2075 1182 3257 5010 25204 30214 1697 10958 12655 3836 6547 10383 113 10374 10487 3711 12766 16477 538 10907 11445 743 5200 5943 8853 13494 22347 1643 1078 2721



0 0 0 0 0 0 0 0 0 0 0 0 257 21 278 0 0 0 7 0 7 61 8 68 0 0 0 216 56 272 0 17 17 37 10 47 694 880 1574 615 1200 1815 301 653 954 610 947 1557 641 455 1095 433 1237 1669 26 0 26 1801 1233 3033 1657 1181 2838 5010 25204 30214 1697 10958 12655 3836 6547 10383 113 10356 10469 3072 12756 15827 538 10907 11445 743 5200 5943 10587 13565 24152 1655 1078 2733



0 0 0 0 0 0 0 0 0 0 0 0 94 0 94 0 0 0 10 0 10 73 11 83 0 0 0 10 0 10 0 5 5 37 0 37 7 2 9 0 0 0 0 0 0 42 37 6 98 33 132 13 5 18 37 0 37 11 4 14 592 1 593 0 0 0 0 0 0 0 0 0 0 26 26 904 15 919 0 0 0 0 0 0 2452 100 2553 17 0 17



std/ mean [%]



37 0 34



141 141 120 141 123



5 0 4 30 30 103 0 81 1 0 1 0 0 0 0 0 0 7 4 0 15 7 12 3 0 1 141 141 1 0 0 36 0 21 0 0 0 0 0 0 0 0 0 0 0 0 29 0 6 0 0 0 0 0 0 23 1 11 1 0 1



satellite path/row



year



006/067 006/067 006/067 006/067 006/067 006/067 006/067 006/067 006/067 006/067 006/067 006/067 006/067 006/067 006/067 006/067 006/067 006/067 006/067 006/067 006/067 006/067 006/067 006/067 006/067 006/067 006/067 006/067 006/067 006/067 007/065 007/065 007/065 007/065 007/065 007/065 007/065 007/065 007/065 007/065 007/065 007/065 007/065 007/065 007/065 007/065 007/065 007/065 007/065 007/065 007/065 007/065 007/065 007/065 007/065 007/065 007/065 007/065 007/065 007/065 007/066 007/066 007/066 007/066 007/066 007/066 007/066 007/066 007/066 007/066 007/066 007/066 007/066 007/066 007/066 007/066 007/066 007/066 007/066 007/066 007/066 007/066 007/066 007/066 007/066 007/066 007/066 007/066 007/066 007/066



2003-04 2003-04 2003-04 2003-04 2003-04 2003-04 2003-04 2003-04 2003-04 2003-04 2003-04 2003-04 2003-04 2003-04 2003-04 2003-04 2003-04 2003-04 2003-04 2003-04 2003-04 2003-04 2003-04 2003-04 2003-04 2003-04 2003-04 2003-04 2003-04 2003-04 1999-00 1999-00 1999-00 1999-00 1999-00 1999-00 1999-00 1999-00 1999-00 1999-00 1999-00 1999-00 1999-00 1999-00 1999-00 1999-00 1999-00 1999-00 1999-00 1999-00 1999-00 1999-00 1999-00 1999-00 1999-00 1999-00 1999-00 1999-00 1999-00 1999-00 2000-01 2000-01 2000-01 2000-01 2000-01 2000-01 2000-01 2000-01 2000-01 2000-01 2000-01 2000-01 2000-01 2000-01 2000-01 2000-01 2000-01 2000-01 2000-01 2000-01 2000-01 2000-01 2000-01 2000-01 2000-01 2000-01 2000-01 2000-01 2000-01 2000-01



Overall mean of std/mean detected area ratios weighted by mean detected areas [%] * A pixel of detected damage represents an area of 900 m2.
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five most two damaged random damag squares plots 1- e type 9 1-36 1 1 1 1 1 1 5 5 5 5 5 5 6 6 6 6 6 6 7 7 7 7 7 7 8 8 8 8 8 8 3 3 3 3 3 3 22 22 22 22 22 22 27 27 27 27 27 27 32 32 32 32 32 32 36 36 36 36 36 36 8 8 8 8 8 8 20 20 20 20 20 20 22 22 22 22 22 22 24 24 24 24 24 24 25 25 25 25 25 25



3 3 3 4 4 4 5 5 5 6 6 6 2 2 2 8 8 8 1 1 1 5 5 5 1 1 1 5 5 5 4 4 4 7 7 7 3 3 3 5 5 5 1 1 1 9 9 9 2 2 2 8 8 8 1 1 1 4 4 4 6 6 6 9 9 9 4 4 4 6 6 6 1 1 1 2 2 2 5 5 5 7 7 7 5 5 5 9 9 9



DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total DI DF total



Manual audit accepted damage Auditor 1 [pixels]*



Auditor 2 [pixels]*



Mean [pixels]*



std [pixels]*



644 1022 1666 522 362 884 75 68 143 0 0 0 517 336 853 31 35 66 53 16 69 852 1069 1921 850 1353 2203 222 81 303 1415 2185 3600 629 1340 1969 3 0 3 1288 1203 2491 314 332 646 339 368 707 173 4 177 96 94 190 239 244 483 313 500 813 199 1668 1867 574 2082 2656 1400 1322 2722 2047 2327 4374 481 195 676 1451 1785 3236 786 626 1412 2272 2201 4473 1168 1515 2683 1138 3262 4400



739 1029 1768 522 362 884 80 23 103 0 0 0 1001 381 1382 24 35 59 24 15 39 805 1056 1861 833 1339 2172 162 63 225 1415 2185 3600 646 1341 1987 18 0 18 1354 1204 2558 341 325 666 262 359 621 145 4 149 206 103 309 326 381 707 499 511 1010 199 1668 1867 568 2082 2650 1444 1322 2766 2047 2327 4374 856 196 1052 1459 1785 3244 971 627 1598 2272 2201 4473 1160 1515 2675 1138 3262 4400



692 1026 1717 522 362 884 78 46 123 0 0 0 759 359 1118 28 35 63 39 16 54 829 1063 1891 842 1346 2188 192 72 264 1415 2185 3600 638 1341 1978 11 0 11 1321 1204 2525 328 329 656 301 364 664 159 4 163 151 99 250 283 313 595 406 506 912 199 1668 1867 571 2082 2653 1422 1322 2744 2047 2327 4374 669 196 864 1455 1785 3240 879 627 1505 2272 2201 4473 1164 1515 2679 1138 3262 4400



67 5 72 0 0 0 4 32 28 0 0 0 342 32 374 5 0 5 21 1 21 33 9 42 12 10 22 42 13 55 0 0 0 12 1 13 11 0 11 47 1 47 19 5 14 54 6 61 20 0 20 78 6 84 62 97 158 132 8 139 0 0 0 4 0 4 31 0 31 0 0 0 265 1 266 6 0 6 131 1 132 0 0 0 6 0 6 0 0 0



std/me an [%]



10 0 4 0 0 0 5 70 23



45 9 33 18 0 8 53 5 39 4 1 2 1 1 1 22 18 21 0 0 0 2 0 1 101 101 4 0 2 6 2 2 18 2 9 12 0 12 52 6 34 22 31 27 32 2 15 0 0 0 1 0 0 2 0 1 0 0 0 40 0 31 0 0 0 15 0 9 0 0 0 0 0 0 0 0 0 10.5 0.4 3.3



Science Online Materials – Land-Use Allocation Protects the Peruvian Amazon Table S7. Forest disturbances and deforestation area estimates for five of Peruvian Amazon tropical forest's most damaged † scenes based on CLAS-II methodology. 2 -1 Damage rates (km yr ) Year Total % Disturbed Deforested Damage 1999-2000 2000-2001 2001-2002 2002-2003 ¶ 2003-2004 2004-2005*



351 291 323 394 477 995



492 424 499 461 188 1140



843 715 822 855 664 2135



Mean ± std



472±264



534±319



1006±558



†



Five satellite path/row subset - 003/068, 006/063, 006/066, 006/067, and 007/066 - contained 63% of all damage detected in entire Peruvian Amazon study area between 1999 and 2002, when scene coverage is highest.



% Percentage of five-scene study area available and not masked out due to cloud/ other interferences. ¶ Only three scenes available, 006/063 and 007/066 were not analyzed. * Only four scenes available, 006/067 was not analyzed.
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(70) (69) (67) (62) (46) (59)



Science Online Materials – Land-Use Allocation Protects the Peruvian Amazon Table S8. Summary of independent field validation study of CLAS-II damage detection methodology. Validation point Site Subplot



3



5



6



7



8



9



10



16



17



18



19



20



21



22



23



24



25



26



36



37



38



1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W



Selection category



Validation - damage evaluation criteria (mean of subplots)



Subplot Site



Canopy Affected Woody debris level 0-5 gap % surface %



DF ND DF DF DF DF DF DF DF DF DI DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DI DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF ND DF DF DI ND DF DF DF DI DF DI DI DI DI DI DI ND DF DI DI ND ND DI DI DI DF DI DF DI DF DF DF ND DF DF



Validation LU/LC qualitative assessment



DF



100



16.25



0



dry/fallen trees, secondary growth



DF



100



10



0



dry/fallen trees, secondary growth dry/fallen trees, recent fire, secondary growth dry trees, secondary growth, some trees



DF



100



8.75



0



DF



75



5



0



DF



100



100



0



agriculture



DF



100



3.75



0



dry/fallen trees, secondary growth



DF



100



100



0



agriculture



DF



100



11.25



0



dry/fallen trees, secondary growth



DF



75



5



0



DF



100



11.25



0



DF



100



45



0



DF



100



100



0



agriculture



DF



100



100



0



agriculture



DF



100



100



0



agriculture



DF



100



100



0



agriculture, recent fire



DI



100



100



0



agriculture



dry/fallen trees, secondary growth, some palms dry/fallen trees, recent fire, secondary growth dry/fallen trees, recent fire, secondary growth



DI



100



11.25



0



dry/fallen trees, recent fire, secondary growth



DI



100



100



0



agriculture



DI



100



2.5



0



dry/fallen trees, secondary growth



DF



100



3.75



0



dry/fallen trees, secondary growth



DF



100



6.25



0



dry/fallen trees, secondary growth



Validation category



Validation point



Success



Subplot Site DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF ND DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF ND DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF



Site Subplot



DF



Yes



43



DF



Yes



44



DF



Yes



46



DF



Yes



47



DF



Yes



48



DF



Yes



49



DF



Yes



50



DF



Yes



54



DF



Yes



55



DF



Yes



56



DF



Yes



57



DF



Yes



58



DF



Yes



59



DF



Yes



60



DF



Yes



61



DF



Yes



62



DF



Yes



63



DF



Yes



64



DF



Yes



65



DF



Yes



66



DF



Yes



67
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1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W 1N 2S 3E 4W



Selection category



Validation - damage evaluation criteria (mean of subplots)



Subplot Site



Canopy Affected Woody debris gap % surface % level 0-5



DF DF DF DF DF DI DF ND DF DF DF DF DF DF DF DI ND DI DF DF DI DF DI DI DI DI DI DF DF DI DF DF DI DI DF DI DI DF DF DI DI DF ND DI DI DF DI DF DF ND ND DF DF ND DI DI DI DI DI DF DF DF DF DF DI DF DI ND DF DI DF DI DI DF ND DF DF DI DI ND DF DF DF DF



Validation LU/LC qualitative assessment



DF



100



100



0



agriculture



DF



100



10



0



dry/fallen trees, recent fire, secondary growth



DF



100



10



0



dry/fallen trees, secondary growth



DF



100



8.75



0



DI



100



7.5



0



DI



100



75



0



agriculture, secondary growth



dry/fallen trees, recent fire, secondary growth dry/fallen trees, recent fire, secondary growth,



DI



100



12.5



0



dry/fallen trees, recent fire, secondary growth



DF



33.5



13.75



2



recently logged forest



DI



39.5



30



3



recently logged forest



DI



0-5



12.5



0



mature forest, fallen trees



DI



100



100



0



pasture



DI



100



100



0



agriculture



DI



0-5



11.25



0



mature forest, fallen trees



DI



0-5



2.5



0



mature forest, fallen tree



DI



0-5



1.25



0



mature forest, fallen tree



DF



0-5



13.75



0



mature forest, fallen trees



DI



25



6.25



1



recently logged forest



DI



0



0



0



intact mature forest



DI



100



100



0



agriculture



DI



100



6.25



0



DF



100



8.75



0



dry/fallen trees, recent fire, secondary growth, dry/fallen trees, recent fire, secondary growth,



Validation category



Success



Subplot Site DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DA DA DA DA DA DA DA DA DN DN ND ND DF DF DF DF DF DF DF DF DN ND ND DN DN DN DN DN ND ND ND DN DN DN ND ND DA DA DA DA ND ND ND ND DF DF DF DF DF DF DF DF DF DF DF DF



DF



Yes



DF



Yes



DF



Yes



DF



Yes



DF



Yes



DF



Yes



DF



Yes



DA



Yes



DA



Yes



DN



Yes



DF



Yes



DF



Yes



DN



Yes



DN



Yes



ND



No



DN



Yes



DA



Yes



ND



No



DF



Yes



DF



Yes



DF



Yes



Science Online Materials – Land-Use Allocation Protects the Peruvian Amazon Table S9. Dimensions of conservation units and concession forests of the Peruvian Amazon.



Area



Forest regions



(x103 km2)



% of total



Tropical forest



661



100



Natural protected areas



180



27



Titled indigenous territories Reserves for tribes in isolation



89 8



14 1



Total indigenous lands



98



15



Total conservation units (natural + indigenous)



278



42



Production forests - concessioned Production forests - to be concessioned



105 101



16 15



Total production forests destined for concession



206



31



* GIS data layers used in the spatial analysis: Peru Natural Protected Areas – Intendencia de Áreas Naturales Protegidas, INRENA, 2006; Demarcated and Titled Indigenous Territories – Instituto del Bien Común, 2006; Madre de Dios State Reserve (Indigenous Peoples in Voluntary Isolation) – Centro de Información Forestal, INRENA, 2005; Permanent Production Forests, and Forest Concession Units – Intendencia Forestal y de Fauna Silvestre, INRENA, 2006; Peru Forest Map – INRENA, 2000. Notes: Indigenous territories GIS layer from preliminary data of ongoing IBC project, when territories of 80% of titled indigenous groups had been mapped; roads GIS layer updated to 2005 based on remotely sensed imagery.
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Table S10. Percentage of logged forest subsequently deforested at 1–5 years after initial disturbance*. Forest Disturbance Year 2000 2001 2002 2003 2004



Percent Cumulative Deforestation in Year 2001



2002



2003



2004



2005



2.8



5.1 2.5



7.5 4.9 2.0



8.3 5.9 3.2 0.8



13.8 11.6 8.1 4.8 1.1



* Five satellite path/row subset - 003/068, 006/063, 006/066, 006/067, and 007/066 - when scene coverage is highest. Two scenes not available in 2004 (006/063 and 007/066), and one in 2005 (006/067).
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Science Online Materials – Land-Use Allocation Protects the Peruvian Amazon Deforestación de la Amazonía Peruana – 2000, Memoria Descriptiva, IM-03-02, Volumen I, Texto (CONAM and INRENA, Lima, Peru, 2005).
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Science Online Materials – Land-Use Allocation Protects the Peruvian Amazon Fig. S1. Geographic coverage of study, showing the Peruvian Amazon with Landsat satellite image footprints. Letters A and B denote location of zoomed images provided in Figure 2 of the main text.
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