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Sewer/Septic Population

Forecasted Land Use ' __
(CBLCM outputs — oo SANEE | nl—
solar, developed, h '
housing units, etc.)

10001 2040 61151 121946
10001 2045 G151 121946
10001 2050 61151 121846
10003 2030 3725 561320
10003 2035 3725 561320
10003 2040 37256 561320
10003 2045 37256 561320
10003 2050 3725 56130 5
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Simulated
development

Type of development
that grew / was
simulated

Sector that was
converted to
development

Phase 7 land use
classes that change
to accommodate
growth for each type
of development

(by the sector that
was converted, if
applicable)

Forecasted Growth

IMNR CROP
ROAD PASH
TCIS

TURF

COMP

CONS

IMNR FORE

ROAD HARF

TCIS WTLF
TURF WTLO
TCTG

CONS

v

[ Commercial and Mixed }

l l v

IMNR CROP
TCIS PASH
TURF

COMP

CONS

IMNR FORE
TCIS HARF
TURF WTLF
COMP WTLO
TCTG
CONS

SOLI FORE

SOLP HARF

CONS WTLF
WTLO
CROP
PASH

Description of Phase 7
land use abbreviations

CONS = Construction

IMNR = Impervious, Non-Roads
ROAD = Impervious Roads
TCIS = Tree Canopy over Impervious

TCTG = Tree Canopy over Turf Grass

TURF = Turf Grass

COMP = Compacted Pervious

CROP = Cropland

SOLI = Solar Infrastructure
SOLP = Solar Pervious
FORE = Forest

PASH = Pasture and Hay

HARF = Harvested Forest
WTLF = Floodplain Wetlands
WTLO = Other Wetlands
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Simulated
development

Type of development
that grew / was
simulated

Sector that was
converted to
development

Phase 7 land use
classes that change
to accommodate
growth for each type
of development

(by the sector that
was converted, if
applicable)

Forecasted Growth

v

Residential

[ Commercial and Mixed }

l l l v
Increase Decrease @ Decrease m Decrease m Decrease m Decrease

IMNR CROP IMNR FORE IMNR CROP
ROAD PASH ROAD HARF TCIS PASH
TCIS TCIS WTLF TURF

TURF TURF WTLO COMP

COMP TCTG CONS

CONS CONS

IMNR FORE
TCIS HARF
TURF WTLF
COMP WTLO
TCTG
CONS

SOLI FORE

SOLP HARF

CONS WTLF
WTLO
CROP
PASH

Description of Phase 7
land use abbreviations

TCTG = Tree Canopy over Turf Grass
TURF = Turf Grass

COMP = Compacted Pervious
CROP = Cropland

IMNR = Impervious, Non-Roads
ROAD = Impervious Roads

TCIS = Tree Canopy over Impervious
CONS = Construction

SOLI = Solar Infrastructure
SOLP = Solar Pervious
FORE = Forest

PASH = Pasture and Hay

HARF = Harvested Forest
WTLF = Floodplain Wetlands
WTLO = Other Wetlands




Median impervious cover (%) for residential parcels
in Maryland
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y= 0.144 * x* -0.547
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Impervious development is
calculated from impervious
surface equation and

inflated using median road :

non-road impervious ratio

Residential Growth from Agriculture

Median percent impervious
04

0.2

0.0
1

Upper bound of parcel size bin (acres)

Figure 1: State-specific impervious equations relating
residential lot size and % impervious. Impervious =
Impervious non-roads + TC over impervious

Pervious development
is remaining

residential growth
after impervious
calculation
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Impervious
Development

|

Region: urban
Median: 0.45
Region-wide ratio: 0.44
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Region: rural
Median: 0.73
Region-wide ratio: 0.72
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Converted agriculture is the
total residential growth
(impervious + pervious) that

|

Pervious

|

Development
1

Assumption: no TCTG
because trees weren’t
planted

Converted
Agriculture
i |

was agriculture in the 2022
Reduced
proportionally by

land usel
observed 2022

agricultural land use

impervious from | -
median road :
non-road
impervious ratio

-

Remaining
impervious after
roads, portion
of IMNR + TCIS
in observed
2022 land use

All pervious area
if lot size < 5-
acres, otherwise
5-acres of turf per
housing unit

[

Remaining

pervious after
turf ( >= 5-acre

lots only)

per summary unit

S ——

Figure 2: Sampled ratio of roads to impervious non-
roads of all residential neighborhoods in 17 counties,
grouped by urban and rural zones.
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Simulated
development

Type of development
that grew / was
simulated

Sector that was
converted to
development

Phase 7 land use
classes that change
to accommodate
growth for each type
of development

(by the sector that
was converted, if
applicable)

Residential

Decrease
CROP
PASH

Increase
IMNR
ROAD
TCIS
TURF
COMP
CONS

Forecasted Growth

v

[ Commercial and Mixed }

l l v

IMNR
ROAD
TCIS
TURF
TCTG
CONS

FORE IMNR CROP
HARF TCIS PASH
WTLF TURF
WTLO COMP

CONS

IMNR FORE
TCIS HARF
TURF WTLF
COMP WTLO
TCTG
CONS

SOLI FORE

SOLP HARF

CONS WTLF
WTLO
CROP
PASH

Description of Phase 7
land use abbreviations

IMNR = Impervious, Non-Roads

ROAD = Impervious Roads

TCIS = Tree Canopy over Impervious

CONS = Construction

TCTG = Tree Canopy over Turf Grass
TURF = Turf Grass

COMP = Compacted Pervious
CROP = Cropland

SOLI = Solar Infrastructure
SOLP = Solar Pervious
FORE = Forest

PASH = Pasture and Hay

HARF = Harvested Forest
WTLF = Floodplain Wetlands
WTLO = Other Wetlands




Translating Residential Growth from Natural to Phase 7 Land Use

in Maryland

Median impervious cover (%) for residential parcels

o

y= 0.144 * x* -0.547
R2=0.989

Median percent impervious
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0.0
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Impervious development is
calculated from impervious

Residential Growth from Natural

surface equation and
inflated using median road :
non-road impervious ratio

Upper bound of parcel size bin (acres)

Figure 1: State-specific impervious equations relating

residential lot size and % impervious. Impervious =
Impervious non-roads + TC over impervious

Pervious development is
25 % of remaining
residential growth after

residential growth

Converted natural is the total

(impervious + pervious) that

impervious calculation - == was natural in the 2022 land
(other 75% remains use
forested
) ) ) ¥
Impervious Pervious Converted
Development Development Natural
I
Portion of total Assumption: no COMP |

impervious from
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0 5 10
Road : Impervious Non-Road Ratio

Region: urban
Median: 0.45
Region-wide ratio: 0.44

Region: rural
Median: 0.73
Region-wide ratio: 0.72

median road :
non-road

because the “open
space” remained forest

impervious ratio

Remaining
impervious after
roads, portion
of IMNR + TCIS
in observed
2022 land use

| 1

Half of pervious
~development

Figure 2: Sampled ratio of roads to impervious non-
roads of all residential neighborhoods in 17 counties,

grouped by urban and rural zones.
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Simulated
development

Type of development
that grew / was
simulated

Sector that was
converted to
development

Phase 7 land use
classes that change
to accommodate
growth for each type
of development

(by the sector that
was converted, if
applicable)

Forecasted Growth

Commercial and Mixed

Decrease
CROP
PASH

Increase
IMNR
ROAD
TCIS
TURF
COMP
CONS

IMNR
ROAD
TCIS
TURF
TCTG
CONS

FORE IMNR CROP
HARF TCIS PASH
WTLF TURF
WTLO COMP

CONS

IMNR FORE
TCIS HARF
TURF WTLF
COMP WTLO
TCTG
CONS

l v

SOLI FORE

SOLP HARF

CONS WTLF
WTLO
CROP
PASH

Description of Phase 7
land use abbreviations

IMNR = Impervious, Non-Roads

ROAD = Impervious Roads

TCIS = Tree Canopy over Impervious

CONS = Construction

TCTG = Tree Canopy over Turf Grass
TURF = Turf Grass

COMP = Compacted Pervious
CROP = Cropland

SOLI = Solar Infrastructure
SOLP = Solar Pervious
FORE = Forest

PASH = Pasture and Hay

HARF = Harvested Forest
WTLF = Floodplain Wetlands
WTLO = Other Wetlands




Median impervious cover (%) for commercial parcels
in Maryland
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Impervious development is
calculated from impervious
surface equation

Commercial and Mixed Growth

from Agriculture

\ 4

Impervious
Development

|

Figure 1: State-specific impervious
equations relating commercial lot size
and % impervious. Impervious =
Impervious non-roads + TC over
impervious

Assumption: Commercial
development occurs
adjacent to existing roads

Portion of IMNR +
TCIS in observed
2022 land use

| |

ey

IMNR TCIS

Pervious development
is remaining
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growth after
impervious caIcuIationv

Pervious
Development

|

Assumption: no TCTG
because trees weren’t
planted

1 1

Half of pervious
development

TURF COMP

-

Converted agriculture is the total
commercial and mixed growth

| (impervious + pervious) that was

agriculture in the 2022 land use

v
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Agriculture
|

Reduced
proportionally by
observed 2022
agricultural land use
per summary unit

l
' l
' l
' l

.

y
CROP PASH

—p |ncrease in area == =P Decrease in area




& USGS

Simulated
development

Type of development
that grew / was
simulated

Sector that was
converted to
development

Phase 7 land use
classes that change
to accommodate
growth for each type
of development

(by the sector that
was converted, if
applicable)

Forecasted Growth

Commercial and Mixed

Decrease
CROP
PASH

Increase
IMNR
ROAD
TCIS
TURF
COMP
CONS

IMNR
ROAD
TCIS
TURF
TCTG
CONS

FORE IMNR CROP
HARF TCIS PASH
WTLF TURF
WTLO COMP

CONS

IMNR FORE
TCIS HARF
TURF WTLF
COMP WTLO
TCTG
CONS

l v

SOLI FORE

SOLP HARF

CONS WTLF
WTLO
CROP
PASH

Description of Phase 7
land use abbreviations

IMNR = Impervious, Non-Roads

ROAD = Impervious Roads

TCIS = Tree Canopy over Impervious

CONS = Construction

TCTG = Tree Canopy over Turf Grass
TURF = Turf Grass

COMP = Compacted Pervious
CROP = Cropland

SOLI = Solar Infrastructure
SOLP = Solar Pervious
FORE = Forest

PASH = Pasture and Hay

HARF = Harvested Forest
WTLF = Floodplain Wetlands
WTLO = Other Wetlands




Median i i %) fi ial | i i
edian impervious c;va’a(ry:a:; commercial parcels Com merc'al and M'Xed Growth
1 Impervious development is from Natural
. " Rewoan calculated from impervious Pervious development is 50 %
g surface equation of remaining residential Converted natural is the total
g o %Q;F%:%L“’ e N growth after impervious commercial and mixed growth
B ST a’ pets calculation (other 50% = = = 1 (impervious + pervious) that was
g 24 remains forested) natural in the 2022 land use
E 5 \ 4 \ 4 * -
Impervious Pervious
i [ 5 pl ‘ Devel ‘ Converted
1 , , , ‘ , evelopmen evelopmen
I P D Natural
Upper bound of parcel size bin (acres) I
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Impervious non-roads + TC over i development observed 2022 natural
Impervious 5 land use per summary unit
Portion of IMNR I | |
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Simulated
development

Type of development
that grew / was
simulated

Sector that was
converted to
development

Phase 7 land use
classes that change
to accommodate
growth for each type
of development

(by the sector that
was converted, if
applicable)

Forecasted Growth

v

[ Commercial and Mixed ]

Decrease
CROP
PASH

Increase
IMNR
ROAD
TCIS
TURF
COMP
CONS

IMNR
ROAD
TCIS
TURF
TCTG
CONS

FORE IMNR CROP
HARF TCIS PASH
WTLF TURF
WTLO COMP

CONS

IMNR FORE
TCIS HARF
TURF WTLF
COMP WTLO
TCTG
CONS

Solar

SOLI FORE

SOLP HARF

CONS WTLF
WTLO
CROP
PASH

Description of Phase 7
land use abbreviations

IMNR = Impervious, Non-Roads

ROAD = Impervious Roads

TCIS = Tree Canopy over Impervious

CONS = Construction

TCTG = Tree Canopy over Turf Grass
TURF = Turf Grass

COMP = Compacted Pervious
CROP = Cropland

SOLI = Solar Infrastructure
SOLP = Solar Pervious
FORE = Forest

PASH = Pasture and Hay

HARF = Harvested Forest
WTLF = Floodplain Wetlands
WTLO = Other Wetlands




Translating Solar Growth to Phase 7 Land Use

Solar infrastructure is 75% of
solar growth, derived from
observed 2022 land use

[

)

SOLI

Solar pervious is
25% of solar growth,
derived from
observed 2022 land
use

SOLP

r Converted natural is the total solar Converted agriculture is the
{ growth that was natural in the 2022 total solar growth that was
land use agriculture in the 2022 land use
|
' |
¥
Converted Converted
Natural Agriculture
I I
I |
Reduced proportionally by Reduced proportionally by
observed 2022 natural observed 2022 agricultural
land use per summary unit land use per summary unit
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Simulated
development

Type of development
that grew / was
simulated

Sector that was
converted to
development

Phase 7 land use
classes that change
to accommodate
growth for each type
of development

(by the sector that
was converted, if
applicable)

Forecasted Growth

IMNR CROP
ROAD PASH
TCIS

TURF

COMP

CONS

IMNR FORE

ROAD HARF

TCIS WTLF
TURF WTLO
TCTG

CONS

v

[ Commercial and Mixed }

l l v

IMNR CROP
TCIS PASH
TURF

COMP

CONS

IMNR FORE
TCIS HARF
TURF WTLF
COMP WTLO
TCTG
CONS

SOLI FORE

SOLP HARF

CONS WTLF
WTLO
CROP
PASH

Description of Phase 7
land use abbreviations

CONS = Construction

IMNR = Impervious, Non-Roads
ROAD = Impervious Roads
TCIS = Tree Canopy over Impervious

TCTG = Tree Canopy over Turf Grass

TURF = Turf Grass

COMP = Compacted Pervious

CROP = Cropland

SOLI = Solar Infrastructure
SOLP = Solar Pervious
FORE = Forest

PASH = Pasture and Hay

HARF = Harvested Forest
WTLF = Floodplain Wetlands
WTLO = Other Wetlands




Translating Residential, Commercial, Mixed and Solar Growth to Construction

[ ] Converted agriculture is the
r Converted natural is the total total growth (impervious +
{ growth (impervious + pervious) that pervious) that was agriculture
i was natural in the 2022 land use in the 2022 land use
. | |
Construction is the annual rate of I
simulated development (e.g. if 100 I
acres of development is simulated ‘ \ 4
between 2030 and 2040, Converted Converted
construction = 100 acres / 10 years Natural Agricultu re
=10 acres per year); ] |
. I |
Assumption: the annual rate of B n
simulated development is still being Reduced proportionally by Reduced proportionally by
developed in the last year of the observed 2022 natural observed 2022 agricultural
forecasted period; land use per summary unit land use per summary unit
— g e Eem g S -_— . -
Note: construction is part of | I i ] | |
simulated growth, all previous slides I | | I 1
account for the portion of I I I I
development that is construction to I | ] ]
avoid double counting I I I I |

A 4

\ 4 v v 4 \ 4 v
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Moving Base Year Construction to Developed Land Uses

Region

ruraly

Region: urban
Median: 0.45

Region: rural
Median: 0.73
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Road : Impervious Non-Road Ratio

urban 4 «W—.n ses o .
«M AT
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15

Region-wide ratio: 0.44

Region-wide ratio: 0.72

Challenge:

Construction acres in 2022 are assumed to be developed in 2030, therefore no longer being construction. Without
knowing what the construction became, we allocate (or move) the construction acres to the developed land uses
based on the observed proportions in the 2022 land use and the observed ratio of roads to non-road impervious.

Impervious development is
portion of observed 2022
developed land use that is

[ )

Subtract 2022 CONS area

S ——— |

Figure 1: Sampled ratio of roads to impervious IMpErvious

non-roads of all residential neighborhoods in 17 . -1 : |
: Pervious development is
counties, grouped by urban and rural zones. o ) ] I
remaining area after impervious
v v I
Impervious Pervious I
2035 Development Development I
e Move 2022 e Move 2035
CONS acres to e Move 2030 CONS acres to |
development CONS acres to development - "
development Pe_rV|o.us development-ls |
2030 2040 - split using observed ratios | I
Remaining in the 2022 land use |
impervious after |
roads, portion I
Portion of total impervious of IMNR + TCIS I
from median road : non-road in observed |
impervious in urban ratio 2022 land use
A 4

¥ ¥ v v v \ 4
NOJAD, IMNR TCIS TURF TCTG COMP CONS
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Construction Example

If there is 100 acres of construction in the base year 2022 If there is 240 acres of development in simulated year 2030
Then all 100 acres are converted to roads, impervious non-roads, Then the amount of construction in 2030 is the annual rate of
tree canopy over impervious, turf grass, tree canopy over turf grass, development between 2022 and 2030.
and compacted pervious as described in the previous slide
100 Acres of CONS

| 240 Acres of development

= 30 acres per year
8 26 4 33 9 20 (2030 — 2022) = 8 years
Acres Acres Acres Acres Acres Acres
ROAD IMNR TCIS TURF TCTG COMP
: : (¢ Move 2022 CONS ) | ‘ 2035 ] (¢ Move 2035 CONS )
This calculation repeats for each acres to Spp— acres to
simulated year (2030, 2035, 2040), development " Move 2930 COR development

e Compute 2030 CONS e Compute 2040 CONS

with the base year updating to the development
e Compute 2035 CONS

previous simulated year \_[ 2030 ] N J \—[ 2040 ]
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Questions?

Contacts

Sarah McDonald
smcdonald@usgs.gov

Peter Claggett
pclaggett@usgs.gov

Jackie Pickford
ipickford@usgs.gov
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