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Text S1. List of Louisiana parishes within the Mississippi Delta study area
Water 2020, 12, x; doi: FOR PEER REVIEW	www.mdpi.com/journal/water


We include all census tracts in our assessment from the following parishes, which fall within the Coastal Zone Inland Boundary defined by the State of Louisiana Department of Natural Resources: 

1. Ascension
2. Assumption
3. Iberia
4. Jefferson
5. Lafourche
6. Livingston
7. Orleans
8. Plaquemines
9. Saint Bernard
10. Saint Charles
11. Saint John the Baptist
12. Saint Martin
13. Saint Mary
14. Saint Tammany
15. Tangipahoa
16. Terrebonne

Text S2. Ecosystem vulnerability indicators – data acquisition and creation

Ecosystem Susceptibility

[bookmark: _Toc469402996]15. Percentage of wetlands drained (wetland loss)

Source: Couvillion et al. (2011)
  
1. Exclude 2009-2010 values because they are “unconfirmed changes” in the dataset
2. Extract by Attributes tool, SQL function of Value >= 6 AND Value <=15 (loss from 1985-2009). 
3. Name raster ext_loss_85. This will create a raster with grids of loss from 1985-2009. Use Tabulate Area tool to tabulate the area of the new raster within the census tracts shapefile into a new table. In this table add a new field and sum the area of each value into the new field. 
4. Use the Join Field tool to add this table to the tracts shapefile based on the code field AFFGEOID.
5. Use (wetland area/total area)*100 to calculate percent of wetland loss by total area in each tract. 
[bookmark: _Toc469402997]16. Freshwater scarcity

Source: Dickson et al. (2014) 

1. Clip water scarcity .tif file to delta boundaries. 
2. With raster calculator multiply clipped raster by 1000000000. 
3. Convert to integer using Integer tool. 
4. Convert raster to polygon based on values, uncheck ‘simplify polygons’.
5. Edit features of newly created shapefile and create new features by drawing in matching rectangles over the portions of the census tract file that aren’t overlapped by the shapefile.
6. Impute values by taking the average of neighboring rectangle values. NOTE: only take average of original, adjacent rectangles (not newly imputed ones to impute others). Neighboring means next to or catty-corner.
7. Create raster from polygon. Resample raster to 1m cell size. Use Zonal Statistics as Table tool, mean statistics to derive values based on the tracts shapefile.
8. Join to tracts shapefile using Join field tool based on AFFGEOID.

[bookmark: _Ref456261801][bookmark: _Toc469402998]17. Percentage of deforested area

Source: Hansen et al. (2013) 

1. Download data (Hansen_GFC2015_treecover2000_30N_080E.tif, Hansen_GFC2015_loss_30N_080E.tif, Hansen_GFC2015_gain_30N_080E.tif) from http://earthenginepartners.appspot.com/science-2013-global-forest/download_v1.2.html 
2. Create a file Geodatabase
a. Right click on database –> new –> mosaic dataset
b. Add raster to mosaic
3. Reclassify: 
a. 0%  0 (no forest)
b. 1% - 100%  1 (forest)
4. Clip Raster with delta boundary
5. Project rasters (gain and loss) to UTM15
6. Use minus (Spatial Analysis tool) to subtract loss layer minus gain layer
7. Zonal statistics:
a. Input raster or feature zone data: census tracts shapefile
b. Zone field: AFFGEOID
c. Input value raster: clipped raster
d. Ignore NoData in calculations (optional): checked
e. Statistics type (optional): ALL
f. Environmental settings: process extent snap raster: choose same raster 
8. Join census tracts layer with zonal statistic table outcome
9. Calculate percent in new fields with indicator codes
[bookmark: _Toc469402999]18. Percentage of shoreline eroded

Source: USGS 

1. Using Select by location select the segments from the la_transect_st file that intersect the shr_tracts file (shapefile of only shoreline tracts) and export select data to new file trans_tracts.shp. NOTE: not all transects intersect and there is some data loss here, though 2600 of 2923 do intersect.
2. Use Split tool and split shr_tracts into 8 separate shapefiles based on AFFGEOID field. Add new shapefiles to map.
3. Use select by location tool to select features which intersect each of the newly created shapefiles export these selections as shapefiles, save them as (corresponding AFFGEOID number + _trans).
4. In the attribute table of each newly created transect shapefile (8 in total), use the Statistics option to determine the mean of the EPR field. NOTE: Change negatives to positives, values represent meters or erosion (loss), negative values imply gain.
[bookmark: _Toc469403000]19. Wetland connectivity

Source: U.S. Fish and Wildlife Service

1. Clip, utm project, of wetland shapefile from Louisiana
2. Dissolve tool to combine adjacent and overlapping features (make sure ‘create multipart features’ is NOT selected) to create LA_MS_DISS
3. Create new field ‘Hectares’ in attribute table and calculate geometry
4. Identity tool to apply COUNTYFP ids from tracts shapefile to wetland shapefile LA_MS_DISS to create LA_MS_diss_ID. 
5. Select by attributes within table and export selection for each of the county IDs (using COUNTYFP field). 
6. In an editing session, delete those features less than .02 hectares in area. This cleans the shapefile by eliminating tiny fragments of wetland adjacent to larger features.
7. Create new long integer field in each new layer (16 counties) named nodeID.
8. Input the 16 shapefiles for each county (named corresponding to county FPS numbers) into Conefor GIS extension (download here: http://www.conefor.org/gisextensions.html)
9. Calculate node files: 
a. Restricted analysis to features within specified distance: 1000 m
b. Calculate from Feature Edges
c. Click all output options
10. In Conefor Input corresponding output node file and distance file and use the following settings:
a. 1000m distance
b. connection (partial)
c. probabilistic index PC
d. 0,01 probability of occurrence
e. only overall index

[bookmark: _Toc469403002]20. River connectivity

Source: Army Corps of Engineers National Dam Database; Environmental Protection Agency (EPA); U.S Census Bureau

Based on methodology of EPA Regional Ecological Assessment Protocol (REAP): Project Report (see waterway obstruction methodology, extracted below)

Watershed Obstruction/Waterway Impoundment: Dams and the corresponding reservoirs are interruptions (fragmentation) to the continuities of waterways, thereby making them less sustainable. The 250k Hydrologic Unit data layer was spatially joined to the Corps of Engineers dams dataset to attach the 8-digit HUC to each dam. The dams dataset was then summarized by HUC code to determine the number of dams per hydrologic unit. The NHD dataset was then intersected with the HUC250 layer to attach the 8-digit HUC to the waterways. The intersected NHD dataset was then summarized by HUC to determine the total length of stream/river miles per HUC. For each HUC, the number of dams was then divided by the stream miles to calculate dam density (dams per stream mile). The HUC layer was converted to grid and clipped by ecoregion. The log10 of the 165 dam density value was then normalized to 0 to 100 within each ecoregion. 

NOTE: based on the calculation, the higher the value, the more connectivity

1. Create dams point file
a. Use interactive report from Army Corps of Engineers National Dam Database here 
b. Filter by county and select option to display lat-long values in table
c. Copy values into excel spreadsheet, convert to ArcMap input format
d. In ArcMap – Add Data – Add XY data, select excel file, project to UTM15
2. HUC12 files used from EPA
a. Project to UTM 15 and merge statewide files
b. Select by location, select those units which intersect the census tracts shapefile, export data to create HUC12_delta.
c. Create a shapefile from census stream data by county merged together to calculate stream length with HUC12 units. 
d. Identity tool to apply HUC code to stream features. Create new field ‘length’ in attribute table and calculate stream length in meters.
e. Dissolve tool to dissolve to new shapefile based on HUC ID’s in attribute table. Statistics – sum for length field. Leave ‘create multipart features’ checked.
3. Determine number of dams per HUC/stream length
a. In dams point file, create new field ‘count’ and populate with value of 1. Right click on HUC12 census tracts file and select join, join based on location. Join point attributes from dams file and calculate sum. Count field now has total number of dams per HUC.
b. Join tables based on HUC12 fields. Now in HUC12 dissolved table use SUM_Count and SUM_length fields to calculate the number of dams per total stream length within each HUC. Populate new field ES_FRA2. [SUM_length] / [SUM_Count]
c. Select by attributes, SUM_Count = 0. Export as new shapefile sum_cnt_0. Within new attribute table, populate ES_FRA2 with values of SUM_LENGTH. 
d. Join tool to rejoin new attribute table to dissolved HUC table file based on HUC value. Create new field and populate with sum for final value per HUC.
4. Calculate
a. Join Fields tool, join field ES_FRA2 from lin_huc12_ID_diss_ to HUC12_delta polygon file based on HUC12 field (unique code). 
b. Feature to raster tool, create raster based on ES_FRA2 values, output cell size 30, name ES_FRA2_value.
c. Zonal statistics as table tool to calculate MEAN of values from ES_FRA2_values raster falling within each tract of delta census tract shapefile. Name ES_FRA2_trct. Create new field in table ES_FRA2, Join Field tool, join table to tract shapefile based on AFFGEOID. 
[bookmark: _Toc469403003]21. Forest connectivity

Source: Hansen et al. (2013)

1. Download data Hansen_GFC2015_treecover2000_30N_080E.tif, Hansen_GFC2015_loss_30N_080E.tif, Hansen_GFC2015_gain_30N_080E.tif from http://earthenginepartners.appspot.com/science-2013-global-forest/download_v1.2.html 
2. Create a file Geodatabase
a. Right click on database –> new –> mosaic dataset
b. Add raster to mosaic
3. Reclassify: 
a. 0%  0 (no forest)
b. 1% - 100%  1 (forest)
4. Clip Raster with admin boundary (same projection!)
5. Project raster to UTM zone
6. Use plus (Spatial Analyst tool) to add the forest gain to the forest cover layer
7. Reclassify: 
a. 0  0 (no forest)
b. 1 – 2  1 (forest)
8. Use minus (Spatial Analyst tool) to subtract loss layer from layer created under 6.
9. Reclassify: 
a. -1 – 0%  0 (no forest)
b. 1  1 (forest)
10. Raster to polygon (Conversion tool)
11. Add field in attribute table and calculate geometry of polygons in ha
12. Delete polygons that are smaller than 5ha (reduced significance and processing limitations)
13. Intersect layer with admin boundary
14. Add field (short integer) called nodeID to Attribute table: Field calculator: 1 + FID
15. Export forest polygons for each district
16. Conefor GIS extension (download here: http://www.conefor.org/gisextensions.html) 
17. Calculate node files: 
a. Restricted analysis to features within specified distance: 1000 m
b. Calculate from Feature Edges
c. Click all output options
18. Input corresponding output node file and distance file and use the following settings:
a. 1000m distance
b. connection (partial)
c. probabilistic index PC
d. [bookmark: _Toc469403004][bookmark: _Ref456262092]0,01 probability of occurrence
only overall index
22. Water quality of freshwater bodies

Source: Environmental Protection Agency; U.S. Census Bureau (Tiger stream file)
We use EPA streams categorized as 303(d); available from: https://www.epa.gov/waterdata/waters-geospatial-data-downloads 
metadata: https://edg.epa.gov/metadata/catalog/search/resource/details.page?uuid={66F27299-6B1B-42BF-8AA0-1127D7646631}

1. Streams and Rivers
a. Data from US Census Tiger stream files 2015 download 16 county files, project to UTM, merge.
b. In attribute table create new field ‘dissolve’ and populate all rows with value of 1. Dissolve based on this field. (this just to reduce complexity in att. Table, not 100% necessary), name lin_delt_1_diss
c. Use Identity tool to apply the attributes of the census tracts shapefile to the lin_delt_1_diss file. Name diss_ID. Open attribute table, edit and delete all line segments which were not given data from the tract shapefile (non-overlapping due to coastal area).
d. Use dissolve tool to dissolve based on AFFGEOID, name file diss_AFFGEOID. In attribute table add field (float) named Length. Calculate geometry, length (m). This is the total stream length per tract.
e. Use 303d line file from EPA projected to UTM 15 and clipped to delta boundary (303d_utm15_delta). Use Identity tool to apply the attributes of the tract shapefile to new file 303d_trct_ID. Dissolve features based on AFFGEOID, name file 303d_geoid_diss. In attribute table add field (float) named Length. Calculate geometry, length (m). This is the total stream length per tract.
f. Use join field tool and join the table of 303d_geoid_diss to diss_AFFGEOID based on the field AFFGEOID. Create new field, 303d_lengt and copy values of (Length_1) in attribute table.
g. To standardize, create new field Per_1000 and with the field calculator use ([303d_Lengt] / [Length]) *1000. Output is meters contaminated per 1000m total stream length.
h. Use join field tool and join the field Per_1000 from table diss_AFFGEOID based on the field AFFGEOID to tract shapefile. Repopulate new field ES_DEG1_ln with values.
i. Change all values over 1000 to 1000 in case tracts have more stream length contaminated than total in the analysis, due to slight differences in the Tiger Census streams data and EPA data.

2. Water bodies
a. For contaminated water bodies use 303d_body_utm15_delta. Similar steps as above: ID tool to attribute tract shapefile attributes to 303d_body_utm15_delta table. In field SHAPE_AREA calculate geometry (area) square meters. Dissolve based on AFFGEOID and this time for statistics field select SHAPE_AREA and SUM, name 303d_B_ID_diss.
b. Baseline data from US Census tiger stream files 2015. Download 16 county files, project to UTM, merge.
c. ID tool to attribute tract shapefile attributes to wtr_bd_ID table. Delete rows with no AFFGEOID in Editor mode (these fall outside the delta range). Dissolve based on AFFGEOID. Create new WAREA_cen field and calculate geometry (area sq m). Join fields tool to join table from 303d_B_ID_diss to wtr_bd_ID_dis file based on AFFGEOID. Now in the table we have the total water area (AWAREA_cen) and total contaminated area (SUM_SHAPE). Create new field es_deg1_bd and use the formula ([SUM_SHAPE_]/ [AWAREA_cen])*1000 to create an output of contaminated sq meter per 1000 sq meters
d. In editor mode, change values over 1000 to 1000 in case tracts show more contaminated water than total water due to edge effects with tract boundaries where water straddled borders.
e. Join this table (wtr_bd_ID_dis) to tract shapefile using join field, based on AFFGEOID. Only join es_deg1_bd field.
3. Average values from streams and water bodies per tract for final indicator scores.
[bookmark: _Ref456261865][bookmark: _Toc469403005]23. Return flow ratio

Source: World Resource Institute (WRI) – Aqueduct

1. Select by attributes, select those features from global WRI shapefile which intersect delta tracts shapefile and export.
2. Project to UTM15.
3. Convert feature to raster – use field WRI_s (Return Flow Ratio) and create raster at 30m resolution.
4. Zonal Statistics as table – calculate mean using field AFFGEOID of shapefile file as zone, newly created raster as input. 
5. Join field tool to join MEAN field to tract shapefile using AFFGEOID. In tract shapefile create new field ES_DEG4 and populate with MEAN field values using field calculator, delete MEAN field.
[bookmark: _Ref456261940][bookmark: _Toc469403006]24. Soil organic matter 

Source: ISRIC World Soil Information

1. Download data from soilgrids.org
· 0-5cm: mean; take ORCDRC_sd1_M
· 5-15cm: mean; take ORCDRC_sd2_M
· 15-30cm: mean; take ORCDRC_sd3_M
2. Create file Geodatabase
· Right click –>  new –> mosaic dataset
· Right click on created mosaic –> add raster –> add files in folder: ORCDRC_sd1_M, ORCDRC_sd2_M, ORCDRC_sd3_M
3. Weighted sum (Spatial analyst)
· Add all three mosaic files
4. Project raster (Data management) to UTM 15N
5. Clip raster with delta area (Settings: check: Use input features as clipping geometry; Environment –> Processing extent –> snap raster, select raster to be clipped), name som_utm15.
6. Resample to 30m, name som_utm15_30m.
7. Zonal statistics as table:
· Input raster or feature zone data: US_admin_district_UTM15N
· Zone field: HASC_2
· Input value raster: clipped SOM raster (som_utm15_30m)
· Ignore NoData in calculations (optional): checked
· Statistics type (optional): MEAN
· Environmental settings: process extent snap raster: choose same raster 
· Name ES_DEG6_trct
8. Join field tool to join MEAN field to tract shapefile with zonal statistic table outcome based on AFFGEOID. 
9. Create new float field ES_DEG6, populate with values from MEAN field, delete MEAN field.
[bookmark: _Toc469403008]25. Percentage of area covered by ‘problem soils’

Source: United Stated Department of Agriculture (USDA) – National Resource Conservation Service

1. Use fpi_148 raster. Project to UTM15, name pi_utm15.
2. Clip to delta boundary with buffer with 15km_delta_buf, set NoData Value to 0.
3. Resample to cell size 30m
4. Reclassify, set values 0-6 to 1 and values 7+ to 0, NoData to 0. Name pi_recl_1_0
5. Tabulate area tool to determine area in each tract covered by problem soils (1 values)
6. In attribute table, add field COMB_AREA long precision. Add Value_0 and Value_1 fields for resulting total area. Add new field ES_FRG1. 
7. Join field tool to add ES_FRG1 field based on AFFGEOID fields to tracts shapefile.
[bookmark: _Toc469403009]26. Percentage of area covered by critical sites for conservation (danger of extinction)

Source: Jenkins et al. (2015) 

1. Shapefile downloaded from site https://biodiversitymapping.org
2. Clip to delta extent, project to UTM 15
3. Convert to raster based on ‘priority_i’ field (leave cell size unchanged, roughly 1km output) named ‘prior_delta’
4. Use raster calculator and multiply by 100 and name new raster ‘pri_delt_100’ convert to integer with Int tool and name ‘pri_100_int’ 
5. Resample raster to 100 meters by 100 meters and name pr_1_int_res_
6. Zonal statistics as table tool with tract shapfile as zone field, ‘pri_1_int_res’ as raster based on VALUE with statistics MEAN and name zon_stat_pri1
7. Use zonal statistics tool to create raster with same settings to verify accuracy
8. Open table, export as .dbf file zon_stat_pri1 and open in Excel, copy and paste values

[bookmark: _Ref456262037][bookmark: _Toc469403010]27. Species richness adjusted by intactness

Source: Jenkins et al. (2015)

1. Project rasters for reptiles, fish, trees, mammals, birds, and amphibian richness rasters to UTM 15 
2. In raster calculator, convert NoData values to 0 for each raster using formula (name file bird_utm_0) Con(IsNull(“bird_utm”),0,”bird_utm”) 
3. Resample fish_utm_0 to 10km (all others at 10km, fish at 13km originally)
4. Add rasters using raster calculator to create rich_sum.
5. Clip rich_sum to 15km_delta_buf file, name rich_sum_delt.
6. Resample to 30m, name rich_delt_30m
7. Calculate zonal statistics as table using tract shapefile, AFFGEOID field, rich_delt_30m as input, statistics MEAN, and name ES_Bio1a_mean
8. Join field tool to join MEAN field from new table to tract shapefile based on AFFGEOID.
[bookmark: _Toc469403017][bookmark: _Ref456261767]Ecosystem Robustness
28. Percentage of protected area

Source: Jenkins et al. (2015)

1. [bookmark: _Toc469403018]Use priority for conservation index (based on endemic species, protected areas, species range)
29. Percentage of wetlands restored

Source: Couvillion et al. (2011)

See Indicator #16 “Percentage of wetlands drained” methodology but extract by attributes for values Value >= 22 AND Value <=31.

30. Percentage of forest area restored

Source: Hansen et al. (2013) 

See Indicator #16 “Percentage of wetlands drained” methodology but extract by attributes for values Value >= 22 AND Value <=31.
[bookmark: _Ref456262160][bookmark: _Toc469403019]31. Ecosystem Functionality Index (EFI)

Source: Freudenberger et al. (2012)

1. Clip raster to delta boundary
2. Project to UTM15
3. Resample to 30m 
4. Calculate zonal statistics as table:
a. Settings:
i. Input raster or feature zone data: census tracts shapefile
ii. Zone field: AFFGEOID
iii. Input value raster: clip_utm15_30
iv. Ignore NoData in calculations (optional): checked
v. Statistics type (optional): mean
5. Join Field tool, join to tracts shapefile using AFFGEOID, join MEAN field
6. In tracts shapefile attribute table create new field ER_ECO1, populate with MEAN values and delete MEAN field
[bookmark: _Ref456262180][bookmark: _Toc469403020]32. Mean Species Abundance (MSA)

Source: Global biodiversity model for policy support – GLOBIO (2010)

1. ASCII to raster
2. MSA_GBO4_BL_2010.asc
3. Project to UTM 15
4. Clip to delta using 15km_delta_buf.shp. 
5. Resample to 30m
6. Use raster calculator to multiply by 1000000, name file msa_x1mil.
7. Zonal Statistics as Table tool using zones of tracts shapefile defined by AFFGEOID, MEAN, name ER_BIO2.
8. Join Field tool, AFFGEOID to join to tracts shapefile.
9. In attribute table new field named ER_BIO2, populate with values from MEAN, delete MEAN field. 
Table S1. Outlier tracts per indicator treated using winsorization
Rules for detecting outliers:
1. Trimmed mean (top/bottom 5% trimmed) not too different from mean
2. |Skewness| > 1 AND kurtosis > 3.5
3. Data points outside 1.5 * interquartile range (IQR)
	No.
	Indicator
	Tract(s)

	Social Susceptibility

	3
	% of population below national poverty line
	1400000US22071001751
1400000US22071004800


	4
	Dependency ratio
	1400000US22071004800


	6
	Dependency on agriculture/forestry/fisheries for livelihood
	1400000US22075050700
1400000US22075050800

	7
	Percentage of population living in poorly-constructed houses (%)
	1400000US22075050500
1400000US22075050600

	Ecosystem Susceptibility

	22
	Water quality of freshwater bodies

	1400000US22045031600



Table S2. Social vulnerability sensitivity analysis 
Number of tracts that change 0, 1, 2, 3, and 4 classes between social vulnerability classes as defined by the 2017 Master Plan and the GDRI social vulnerability to flooding and multi-hazard social vulnerability. 
	Class Changes
	Social vulnerability to flooding
	Multi-hazard social vulnerability

	0
	121
	120

	1
	237
	238

	2
	97
	97

	3
	2
	2

	4
	0
	0



We expect the high number of single class changes given not only the differences in index construction but also mapping. Because the Master Plan makes use of standard deviations to define vulnerability classes and the GDRI quantiles, it is a priori not possible for a result of fewer than 211 single class changes due to the inherent differences in class distributions. Only two tracts demonstrate a “flip” in vulnerability between the two indexes by moving from Medium Low vulnerability in the GDRI to High vulnerability in the Master Plan assessment. The tracts that change 2 classes are dispersed throughout the study area without a clear spatial pattern. Moreover, neither index consistently ranks tracts as higher or lower vulnerability, with 58 of these tracts having higher vulnerability in the GDRI and 39 having higher vulnerability with the Master Plan calculation. The degree of convergent validity increases confidence in the findings related to social vulnerability.
Data S1. GDRI in the Mississippi Delta indicator data and aggregation
See Excel file Data S1
Figure S1. Social exposure to coastal flood in the Mississippi Delta
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Figure S2. Ecosystem exposure to coastal flood in the Mississippi Delta
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