
 Valuing Our Watersheds: A Userôs Guide to a North Central Texas Framework 
Appendix E: Regional Ecosystem Framework Methodology and Calculations 

 

Convert Grid Cells to Subwatersheds 1 

 
Appendix E: Regional Ecosystem Framework Methodology and Calculations  

 
The data utilized in this scoring methodology are derived from the U.S. Environmental Protection Agency (EPA) Region 6 
ñGeographic Information Systems Screening Tool (GISST) Userôs Manual,ò the Texas Grid, and the Regional Ecosystem 
Assessment Protocol (REAP).

1,2 
 The units used in scoring the environmental criteria are the cells of the ñTexas Gridò, 

which is at a resolution of 1 km
2
. Each score represents the average score per factor for all grid cells that have more than 

50 percent of their area within the defined polygon. 
 
As stated in the Regional Ecosystem Framework (REF) Userôs Guide, NCTCOG has identified 10 Vital Ecosystem 
Information Layers (VEIL) to help identify potential environmental impacts as a result of transportation infrastructure. 
These layers and their corresponding source are listed in Table E.1: 
 
Table E.1: VEIL Layers used for Regional Ecosystem Framework calculations. 

Vital Ecosystem Data Resource and Agency 
Acquired From 

Data Utilized Data 
Resolution 

Wetlands Texas GRID, EPA Region 6 USGS, 2001 National Land Cover Database 1 km
2
 

Surface Water Texas GRID, EPA Region 6 USGS, National Hydrological Dataset 1 km
2
 

Flood zones Texas GRID, EPA Region 6 FEMA, Digital Flood Insurance Rate Maps 1 km
2
 

Agricultural lands Texas GRID, EPA Region 6 USGS, 2001 National Land Cover Database 1 km
2
 

Wildlife habitats Texas GRID, EPA Region 6 USGS, 2001 National Land Cover Database 1 km
2
 

Natural areas NCTCOG North Texas 2050, Natural Policy Area NA 

Impaired water 
segments 

Texas GRID, EPA Region 6 Texas Commission on Environmental 
Quality (TCEQ), 2008 Texas 303(d) List 

1 km
2
 

Diversity EPA Region 6 EPA Region 6, Regional Ecological 
Assessment Protocol (REAP) 

0.25 km
2
 

Sustainability EPA Region 6 EPA Region 6, REAP 0.25 km
2
 

Rarity EPA Region 6 EPA Region 6, REAP 0.25 km
2
 

 
These layers can be grouped into three major categories of ecological significance or concern. 
 
 Green Infrastructure 

 Wildlife Habitat 

 Natural Areas 

 Agricultural Land 
 Water Quality and Flooding 

 Impaired water segments 

 Flood zones  

 Surface Water Quantity 

 Wetlands 
Ecosystem Value 

 Rarity 

 Diversity 

 Sustainability 
 
The Natural Areas layer was determined by NCTCOG during the development of North Texas 2050 and identifies those 
areas considered to be ñnatural.ò The nine other layers are cited at the end of this appendix with an accompanying 
description of the data sources used by EPA and the scoring assessment made to assign individual grid cells a score of 1 
to 5 and in one case, 0 to 5. 
 
Convert Grid Cells to Subwatersheds 
 
The methodology to convert the 1 km

2 
grid cells to watersheds involved assigning a subwatershed label to each grid cell. 

This was done utilizing GIS to select those grid cells with their centroids in a selected subwatershed. The total number of 
subwatersheds that corresponded to the GISST data numbered 282 and cover nearly all of the metropolitan planning area 
(MPA) boundary.
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Calculate Subwatershed Averages for VEIL and Policy Area Layers 
 
This step required the utilization of the following data sets and associated scores located in the GISST data set. This data 
set was acquired from the Texas Department of Transportation (TxDOT) and it includes a combination of layers from the 
REAP and Texas Grid. These scores were assigned according to the methodology set forth by EPA and other partners as 
shown at the end of this appendix: 
 

 DensSC ï Surface Water Quantity Score 

 Impaired ï Clean Water Act 303(d) Segments (State Priority Data) Score 

 FloodSc ï Floodplain Score 

 AgSc ï Agricultural Lands Score   

 WetSc ï Wetlands Score 

 WlhSc ï Wildlife Habitat Score 

 REAPDive ï REAP Diversity Score 

 REAPSust ï REAP Sustainability Score 

 REAPRare ï REAP Rarity Score 
 

All grid cells for each subwatershed were averaged to produce an average score for each subwatershed for the 9 data 
fields. The following is a representation of the grid cells and watershed boundary and the averaging method. 
 
Each grid cell in GISST is assigned a value of 0 to 5 or 1 to 5. For example, the bold line in Figure E.1 represents a 
subwatershed boundary and the grid cells correspond with the following scores assigned: Red = 5, Yellow = 3, and Green 
= 1. The scores were averaged to create one value for each VEIL layers. In this example, the grid scores add to 28 and 
there are 12 cells producing an average of 2.333. This method was utilized to calculate averages for each subwatershed 
for nine VEIL layers. 

 
Calculating VEIL Scores 

 

1 3 5 

1 5 1 

1 1 5 

3 1 1 

 
Figure E.1: Subwatershed scores were calculated by averaging the grid cell scores to create one value for each VEIL 
layer. The bold line represents a watershed boundary. 
 
The Natural Area VEIL layer was calculated by using North Texas 2050

3
 Policy Areas by Subwatershed database shown 

in Appendix G. This database provides the percent Natural Area for each of the 282 subwatersheds. An IF/THEN 
statement was used to assign Natural Area scores based on the following percentages of each subwatershedôs area 
being ñnatural.ò   
 
Table E.2: Natural Area score conversion chart. 
 
 
 
 
 
 
 
 
 
All averages and the natural area score are determined as shown for the example subwatershed in Table E.3 below. 
 
Table E.3: Example average scores for the 10 VEIL layers for subwatershed with a 12-digit hydrologic unit code (HUC) 
name of: 111403010101. 

 

Percent of Area that is Natural Assigned Score 

<20% 1 

20 - 29% 2 

30 - 39% 3 

40 - 49% 4 

>50% 5 

Ave of 

DensSc 

Ave of 

FloodSc 

Ave of 

Impaired 

Ave of 

AgSc 

Ave of 

WetSc 

Aveof 

WlhSc 

Ave of 

REAP 

Dive 

Ave of 

REAP 

Sust 

Ave of REAP 

Rare 

NAT_ 

SCORE 

1.506060606 0 1.238383838 2.96969697 1.005050505 3.702020202 1.048484848 1.84040404 1.998989899 1 
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Determine scoring based on natural breaks 
 
Once an average is determined, a score of 1 to 5 is assigned to each layer by subwatersheE. By utilizing the ñNatural 
Breaks (Jenks)ò by 5 classes in GIS, these breaks are used to determine which class the averages calculated above fall 
within. Table E.4 provides an example of six subwatersheds and their corresponding average of the REAP Rarity scores.  
The averages for all 282 subwatersheds are broken into the Natural Break categories and assigned the corresponding 
scores. See Table E.5 for an example.   
 
Table E.4: Example REAP Rarity average VEIL scores for several subwatersheds.                     
 
 
 
 
 
 
 
 
 
 
 
 
Table E.5: REAP Rarity natural breaks and corresponding VEIL score. 
 
 

  
 
 
 
 
 

An IF/THEN statement is applied to assign scores based on the natural breaks to determine the corresponding scores for 
each subwatershed as shown in Table E.6 (a combination of Table E.4 and E.5). 
 
Table E.6: Example subwatersheds with assigned VEIL scores based on natural breaks for REAP Rarity.  
 
 
 
 
 
 
 
 
 
 
 
Once each VEIL layer has a corresponding table such as Table E.6, the scores for each VEIL layer can be summed to 
produce a Total VEIL Score as shown in Table E.7. 
 
Table E.7: A subwatershedôs composite score based on the 10 VEIL layers. 

HUC12_Name Average of 

REAPRare 

111403010101 1.998989899 

111403010102 2.797250859 

111403010103 2.203484321 

111403010104 2.535121951 

111403010105 2.493010252 

111403010201 2.386409061 

Rarity SCORE 

<1.36330000 1 

1.36330001 - 2.3183 2 

2.31830001 - 2.9939 3 

2.99390001 - 3.5131 4 

>3.51310001 5 

HUC12_Name Average of 

REAPRare 

WS_RARSCScore 

111403010101 1.998989899 2 

111403010102 2.797250859 3 

111403010103 2.203484321 2 

111403010104 2.535121951 3 

111403010105 2.493010252 3 

111403010201 2.386409061 3 

WS_Dens

SC 

WS_Flood

SC 

WS_Impaired

SC 

WS_AG

SC 

WS_Wet 

landSC 

WS_WLH

SC 

WS_DIV

SC 

WS_SUS

SC 

WS_RAR

SC 

WS_Natural

SC 

WS_VTOT

SC 

2 1 2 4 1 3 1 4 3 1 22 
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Determine Policy Area Scores by VEIL Layer and Subwatershed 
 
Five North Texas 2050 Policy Areas including Natural, Rural, Separate Community, Outer Tier, and Inner Tier areas are 
used to determine policy area scores by subwatershed. The percentages of each policy area type were provided in the 
North Texas 2050 Policy Areas by Subwatershed file developed through the Vision North Texas (VNT) program.   
 
Figure E.2 displays the North Texas 2050 Policy Areas and preferred physical development pattern for 2050. This exhibit 
shows the five policy areas for the North Texas region that correspond to those used in the following REF Policy Area 
scoring discussion. 
 
Figure E.2. North Texas 16-County Preferred Physical Development Pattern for 2050 
 

 
 
Discussion of assigning scores of relative VEIL layer importance in each policy area 
 
The scores shown in Table E.8 indicate the relative importance of each VEIL layer as it is associated with the identified 
policy area. A scale of 1 to 5 is used with 1 meaning least important and a 5 being most important in the associated policy 
area. For example, a wetland in a natural environment is of high value to that ecosystem while a wetland in an urbanized, 
inner tier area is probably of lower value in terms of value to the ecosystem. While these scores represent one value, in 
reality scores are relative to the specific project, area, and extent to which something is present in a particular policy area. 
Discussions with resource agencies revealed there may need to be alternate approaches to scoring the relative 
importance of VEIL layers in individual policy areas depending on the desired goals. For example, the U.S. Army Corps of 
Engineers (USACE) suggested that a wetland in an Inner Tier/Urbanized area may in fact be most important because it is 
rare and should therefore be preserved. As discussed in the REF Userôs Guide, the two approaches of preservation 
versus restoration are considered important when determining future mitigation options.  
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Table E.8: VEIL layer and assigned relative importance by Policy Area. 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
To determine a score for a wetland in a subwatershed the following formula is applied: 
 

Subwatershed Policy Area Score = (%Natural*5) + (%Rural*4) + (%Separate*2) + (%Outer*3) + (%Inner*1) / 100 
 
All 282 subwatersheds will have a score for each VEIL layer. Similar to determining and assigning a score of 1 to 5 for 
VEIL layers as discussed previously, the scores for each VEIL layer by Policy Area are determined by using Natural 
Breaks (Jenks) and 5 classes in GIS. Table E.9 provides an example of six subwatersheds and their corresponding Policy 
Area scores for the REAP Rarity VEIL layer. Table E.10 provides the associated scores of 1 to 5 for REAP Rarity based 
on Policy Area percentages by Natural Breaks.  
 
Table E.9:  Example REAP Rarity Policy Area scores for several subwatersheds. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table E.10: REAP Rarity natural breaks and corresponding Policy Area score for that VEIL. 
 
 
 
 
 
 
 
 
An IF/THEN statement is applied to all VEIL Layers to determine the corresponding scores for each subwatershed as 
shown in the example in Table E.11. The VEIL and Policy Area Scores and Natural Breaks are shown for all VEIL layers 
in Table E.12. 
 
 
 
 
 
 
 

VEIL  Natural  Rural Separate Community  Outer Tier Inner Tier  

Wetland 5 4 2 3 1 

Impaired 5 2 4 3 1 

Surface Water Quantity 5 3 4 2 1 

Rarity 5 3 4 2 1 

Sustainability 5 3 4 2 1 

Wildlife Habitat 5 3 4 2 1 

Diversity 5 3 4 2 1 

Floodplain 1 2 3 4 5 

Agricultural 2 5 4 3 1 

Natural 2 5 4 3 1 

HUC12_Name PA_Rar_WTG 

111403010101 2.12310000000 

111403010102 0.75700000000 

111403010103 3.33800000000 

111403010104 3.47580000000 

111403010105 2.63190000000 

111403010201 2.91290000000 

Scoring Rarity Score 

<1.36330000 1 

1.36330001 - 2.31830000 2 

2.31830001 - 2.99390000 3 

2.99390001 - 3.51310000 4 

>3.51310001 5 
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Table E.11: Example subwatersheds with corresponding Policy Area scores based on natural breaks for REAP Rarity.  
 

 

PA_Rar_WTG 

 

 

 
 
 
 
 
 
 
 
 
 
Summing the Policy Area scores for each of the 10 VEIL layers does not really tell the appropriate story. The Policy Area 
layers, rather, are meant to be utilized as overlays to the VEIL individual layers to provide a screening tool when 
determining whether perhaps preservation or restoration is more desired and what potential mitigation strategies may be 
most effective for the indicated resource. 
 
Figures E.2 through E.21 display the outcome of this methodology for each of the 10 VEIL layers and the resultant overlay 
maps for the Policy Areas by VEIL resource. Red indicates those subwatersheds that are either 1) provide constitute 
green infrastructure (wildlife habitat, natural areas, agricultural land) and/or, 2) indicate subwatersheds that have water 
quality concerns such as impaired water segments and flood zones where development should be cautioned; and/or 3) 
indicate the relative presence or quantity of rare, diverse, or sustainable areas when compared to the rest of the eco-
region in an individual subwatershed. Green indicates those subwatersheds that offer lower ecological value, and/or have 
good water quality, and/or provide lower levels of rarity, diversity, or sustainability when compared to the rest of the 
subject eco-region. 
 
The Vision North Texas and North Texas 2050 defined Policy Areas include: 

HUC12_Name PA_Rar_WTG PA_RarSC 

111403010101 2.12310000000 2 

111403010102 0.75700000000 1 

111403010103 3.33800000000 4 

111403010104 3.47580000000 4 

111403010105 2.63190000000 3 

111403010201 2.91290000000 3 
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Table E.12: VEIL and Policy Area scores based on natural breaks. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

VEIL SCORES   POLICY AREA SCORES 

Natural Areas SCORE Natural Areas SCORE 

<20% 1 <1.58900000 1 

20 - 29% 2 1.58900001 - 2.62114900 2 

30 - 39% 3 2.62114901 - 3.42680000 3 

40 - 49% 4 3.42680001 - 4.18690000 4 

>50% 5 >4.18690001 5 

Surface Water Quantity SCORE Surface Water Quantity SCORE 

<1.425656 1 <1.36330000 1 

1.425657-1.567416 2 1.36330001 - 2.31830000 2 

1.567417-1.707410 3 2.31830001 - 2.99390000 3 

1.704110-01.895494 4 2.99390001 - 3.51310000 4 

>1.895495 5 >3.51310001 5 

Floodplain SCORE Floodplain SCORE 

< 0.268398 1 <1.10180000 1 

0.268399 - 0.962039 2 1.10180001 - 1.72710000 2 

0.962040 - 1.739914 3 1.72710001 - 2.26020000 3 

1.739915 - 2.276340 4 2.26020001 - 2.84570000 4 

> 2.276341 5 >2.84570001 5 

Impaired SCORE Impaired SCORE 

<1.084130 1 <1.50937900 1 

1.084131 - 1.323843 2 1.50937901 - 2.36107900 2 

1.323844 - 1.808081 3 2.36107901 - 2.84600000 3 

1.808082 - 2.488372 4 2.84600001 - 3.34259400 4 

>2.488373 5 >3.34259401 5 

Agricultural SCORE Agricultural SCORE 

<1.425160 1 <1.58900000 1 

1.425161 - 2.043981 2 1.58900001 - 2.62114900 2 

2.043982 - 2.743251 3 2.62114901 - 3.42680000 3 

2.743252 - 3.473971 4 3.42680001 - 4.18690000 4 

>3.473972 5 >4.18690001 5 

Wetland SCORE Wetland SCORE 

<1.029211 1 <1.60133200 1 

1.029212 - 1.084102 2 1.60133201 - 2.61126600 2 

1.084103 - 1.184615 3 2.61126601 - 3.44990000 3 

1.184616 - 1.345038 4 3.44990001 - 4.00130000 4 

>1.345039 5 >4.00130001 5 

Wildlife Habitat SCORE Wildlife Habitat SCORE 

<2.340485 1 <1.36330000 1 

2.340486 - 3.182827 2 1.36330001 - 2.31830000 2 

3.182828 - 3.772308 3 2.31830001 - 2.99390000 3 

3.772309 - 4.371589 4 2.99390001 - 3.51310000 4 

>4.371590 5 >3.51310001 5 

Diversity SCORE Diversity SCORE 

<1.175789 1 <1.36330000 1 

1.175790 - 1.435927 2 1.36330001 - 2.31830000 2 

1.435928 - 1.757735 3 2.31830001 - 2.99390000 3 

1.757736 - 2.218967 4 2.99390001 - 3.51310000 4 

>2.218968 5 >3.51310001 5 

Sustainability SCORE Sustainability SCORE 

<1.152672 1 <1.36330000 1 

1.152673 - 1.429217 2 1.36330001 - 2.31830000 2 

1.429218 - 1.765892 3 2.31830001 - 2.99390000 3 

1.765893 - 2.170646 4 2.99390001 - 3.51310000 4 

>2.170647 5 >3.51310001 5 

Rarity SCORE Rarity SCORE 

<1.371700 1 <1.36330000 1 

1.371701 - 1.823110 2 1.36330001 - 2.31830000 2 

1.823111 - 2.207851 3 2.31830001 - 2.99390000 3 

2.207852 - 2.650132 4 2.99390001 - 3.51310000 4 

>2.650133 5 >3.51310001 5 
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Regional Ecosystem Map Resources Guide ï VEIL Layers 
 
 
Figure E.1: Regional Ecosystem Framework VEIL Composite Score 
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Figure E.2: Regional Ecosystem Framework Agricultural Lands Score 
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Figure E.3: Regional Ecosystem Framework Diversity Score  
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Figure E.4: Regional Ecosystem Framework Flood Zones Score 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 Valuing Our Watersheds: A Userôs Guide to a North Central Texas Framework 
Appendix E: Regional Ecosystem Framework Methodology and Calculations 

 

VEIL Maps 12 

Figure E.5: Regional Ecosystem Framework Impaired Water Segment Score  

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 Valuing Our Watersheds: A Userôs Guide to a North Central Texas Framework 
Appendix E: Regional Ecosystem Framework Methodology and Calculations 

 

VEIL Maps 13 

Figure E.6: Regional Ecosystem Framework Natural Areas Score  
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Figure E.7: Regional Ecosystem Framework Rarity Score  
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Figure E.8: Regional Ecosystem Framework Surface Water Quantity Score  
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Figure E.9: Regional Ecosystem Framework Sustainability Score  
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Figure E.10: Regional Ecosystem Framework Wildlife Habitat Score  
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Figure E.11: Regional Ecosystem Framework Wetlands Score 
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Regional Ecosystem Map Resources Guide ï VEIL Layers by North Texas 2050 Policy Areas 
 
Figure E.12: Scores by subwatershed for the Agricultural Lands by Policy Area in the 12-county MPA. These scores are 
based on the following scale for agricultural lands in by each North Texas 2050 defined policy area: Natural = 2; Rural = 5; 
Separate Community = 4; Outer Tier = 3; and Inner Tier = 1. 
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Figure E.13: Scores by subwatershed for the REAP Diversity by Policy Area in the 12-county MPA. These scores are 
based on the following scale for diversity by each North Texas 2050 defined policy area: Natural = 5; Rural = 3; Separate 
Community = 4; Outer Tier = 2; and Inner Tier = 1. 
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Figure E.14: Scores by subwatershed for the Flood Zones by Policy Area in the 12-county MPA. These scores are based 
on the following scale for flood zones by each North Texas 2050 defined policy area: Natural = 1; Rural = 2; Separate 
Community = 3; Outer Tier = 4; and Inner Tier = 5. 
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Figure E.15: Scores by subwatershed for the Natural Areas by Policy Area in the 12-county MPA. These scores are 
based on the following scale for natural areas in by each North Texas 2050 defined policy area: Natural = 2; Rural = 5; 
Separate Community = 4; Outer Tier = 3; and Inner Tier = 1. 
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Figure E.16: Scores by subwatershed for the Surface Water Quantity by Policy Area in the 12-county MPA. These scores 
are based on the following scale for surface water quantity in by each North Texas 2050 defined policy area: Natural = 5; 
Rural = 3; Separate Community = 4; Outer Tier = 2; and Inner Tier = 1. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


