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Definitive Design Guidelines for Riparian Buffers in the Mid-Atlantic

Designing an effective riparian buffer requires moving away from rigid, uniform-width grids to a
dynamic, multi-functional layout that matches local soil conditions, topography, hydrology, and
native genetic provenance.

To guide watershed restoration practitioners, this document presents a comprehensive, multi-

functional design guideline for riparian-buffer planning, implementation, monitoring, and adaptive
management.
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Figure 1 - Riparian buffers are failing throughout the Mid-Atlantic despite decades of international research on effective

designs. Learn to solve the common errors of poor species selection, ineffective layouts, excessive maintenance,
continued nutrient flow and sediment deposition, failed hydrology, and weedy base vegetation.
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Overview of the Published Guideline

This document compiles process-based modeling, field-scale empirical research, and state-level
programmatic monitoring to help designers visually evaluate and justify their design decisions
across five primary operational axes:

1.

Buffer Width Trade-Offs (10m to 100m): Contrasts the rapid physical settling of coarse
sediments in the first 5 to 7.5 meters against the much larger infiltration areas required to
double water dilution and effectively process dissolved nitrogen and pesticides. It
highlights the continental modeling benchmarks (such as the Joint Research Centre's 77m
and 86m thresholds) required to achieve complete (100%) potential nutrient load reduction
at watershed scales.

Stocking Density Trade-Offs (100 to 500+ Stems/Acre): Evaluates the minimum
acceptable density (200 stems/acre) needed to achieve canopy crown closure within
approximately 10 years, comparing it to preferred densities (400 to 500+ stems/acre) that
achieve rapid site capture within 4 to 6 years. It also details how to integrate natural
regeneration (which contributes 36% of stocking on average) without allowing early-
successional volunteers to suppress high-value hardwoods like oaks.

Mowing and Suppression Trade-Offs (No Mowing to Regular Aesthetic Lawn Mowing):
Models the survival rates of young plantings, showing why unmanaged sites experience
high seedling mortality (collapsing to 47% survival) and why aesthetic mowing at the stream
edge is highly destructive (resulting in 0% to 20% survival in park-like settings due to
mechanical mower and trimmer damage). It outlines why intermittent selective knockdown
combined with targeted spot herbicide applications yields the highest overall survival (75%
to 77%) while preserving nesting grassland birds.

Spacing & Spatial Configuration Trade-Offs (Standard Rows vs. Randomized Clusters):
Compares the operational necessity of straight tree rows (required for tractor-mounted
mowing and spraying lanes) with ecological cluster dynamics. It details how planting slow-
growing, shade-intolerant species (such as oaks) in homogeneous clusters of 10 to 15
plants protects them from being rapidly overtopped and killed by aggressive, fast-growing
neighbors like cottonwoods or silver maples.

Tree-to-Shrub Composition Trade-Offs (80% Trees to 20% Trees): Explains the
geomechanical and biological roles of root depth. It outlines the severe "flop risk" (stream
bank tree throw) associated with planting tall, heavy-canopied hardwoods (such as
sycamore and red maple) directly on active, steep bank toes—which can topple and rip out
the bank during erosion events—and explains why lightweight, flexible shrubs are superior
for active channel stabilization.

Standardized Field Siting Protocol

Practitioners can use the enclosed trade-off matrices as a step-by-step design workflow for,
delineating three functional vegetation zones, using species-clustering techniques to maintain
canopy diversity, and establishing verification-driven maintenance schedules.
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A Process-Based Design Manual for Watershed Planners, Restoration

Ecologists, and Engineers

This document serves as a design guideline for watershed planners, restoration ecologists, and
engineers. It synthesizes decades of process-based modeling, field-scale empirical research, and
restoration programs across North America and Europe. It outlines the physical, chemical, and
biological mechanisms of riparian buffers and quantifies the ecological and operational trade-offs
across five primary design axes: width, stocking density, mowing and vegetation suppression,
spatial configuration, and tree-to-shrub composition.

Section 0: The Multi-Scale Riparian Planning and Implementation Cycle

Riparian buffer planning cannot occur in isolation. Restoring functional ecosystems in developed
agricultural matrices requires an adaptive, closed-loop cycle that operates across multiple spatial
and temporal scales. Sourcing from the conceptual framework of landscape-scale conservation,
the planning and implementation cycle is structured as a continuous loop connecting:

e Regional Scale Reconnaissance: Conducts a coarse-filter overview of macroclimatic,
geologic, and demographic data. This phase identifies regional conservation issues,
environmental trends, and broad resource linkages (e.g., matching regional seed transfer
zones and identifying major water quality impairments).

o Landscape Scale Buffer Plan: Utilizes Geographic Information Systems (GIS) to analyze
hydrology, land use, and habitat fragmentation at a watershed scale. This stage models
sediment and water pathways, maps critical habitat gaps, and establishes priority zones
where multiple objectives (water quality, wildlife connectivity, economic products)
intersect.

e Site Scale Buffer Plans: Blends regional and watershed objectives with site-specific
topography, soil series, and individual landowner preferences. This stage produces
detailed layout alternatives specifying width, species composition, and spatial
configurations tailored to the farm management system.

¢ Implementation Strategies: Executes the site plan through precise land preparation,
planting of high-quality genetic stock, and installation of physical tree protection (tubes,
fencing).

¢ Monitoring & Adaptive Feedback: Employs repeatable, field-level audits (e.g., AppSheet,
GIS-linked mobile forms) to track buffer performance. Crucially, monitoring data does not
sitin a folder; it is dynamically fed back into the landscape assessment and site design
phases, allowing planners to learn from failures and refine future specifications.
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Section 1: Siting Philosophy & Hydromorphic Dynamics

Traditional conservation programs have historically prescribed uniform-width buffers (e.g., a rigid
10m, 30m, or 100-foot strip) along the entire stream length. While simple to administer, this
"engineering" standard assumes that agricultural runoff flows evenly as laminar sheet flow across
the landscape.

In real-world settings, landscape topography, tillage patterns, and micro-relief force overland
runoff to converge into concentrated flow paths (CFPs). This hydrologic concentration causes a
disproportionate volume of field runoff—and its associated sediment and chemical loads—to
traverse only a tiny fraction (often 12% to 81%) of the gross buffer area. [Dosskey et al. (2002)]

Consequently, uniform-width buffers are frequently bypassed or overwhelmed at these critical flow
convergence points, resulting in sediment trapping efficiencies collapsing from an expected 99%
down to just 15% to 43%.

To maximize water quality protection while minimizing the unnecessary loss of productive
agricultural land, modern designs must transition to precision targeting and variable-width
placement. This involves coupling high-resolution Digital Elevation Models (DEMs) with soil survey
databases (such as SSURGO) to calculate the Sediment Retention Index (SRI) and Water
Retention Index (WRI).

Planners can use these indices to size the buffer dynamically: widening the buffer where the
upslope contributing area is large and runoff is concentrated and narrowing the buffer where
runoff loads are negligible.

Precision Conservation: The Evolution of Riparian Buffers

THE PROBLEM: THE METHODOLOGY: THE SUCCESS:

Traditional Uniform-Width Buffers PRECISION TARGETING PRECISION TARGETED VARIABLE-
Sheet Flow Assumption High-Resolution Integrating Soil Data WIDTH BUFFERS

Sheet flow concentrated runoff flow is write the Topographic Mapping Integrating soil data move DYNAMIC SIZING BASED ON LOAD

uniform trees in to concentrated and bypasses the high-resolution topographic runoff data to data runarr Wideingmmantietheat-ways move through

uniform trees into replacing into the water. mapping machnen and and eriereize soil data. dense, widened canol of dense clusters

dufferent data laots. at major runoff points.

Concentrated
Flow Paths
(CFPs)
SUPERIOR
WATER
PROTECTION

The widewing
heant move move,

BYPAI}‘%SED dense to higher and
protection on-moxing
OVERWHELMED major runoff, points.
Seep annert ventor
seactions and
tunologies.
PREDICTIVE INDICES (SRI & WRI)
THE EFFICIENCY COLLAPSE: Data-driven approach identifies runoff concentration points, OPTIMIZING LAND PRODUCTIVITY
Sediment Trapping Efficiency drops from an and comparsion practice to movide smonchtenitincs, and Optimizing tradicators red otinity: optimizing land
ideal 99% to a range of only 15% to 43%. predictive mattical strategy for data eunctions. productivity and continants.
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Section 2: The Five Design Axes & Trade-off Analysis

Axis 1: Buffer Width (Depth)

Buffer width is the primary design variable for determining sediment settling, dissolved
contaminant infiltration, and wildlife habitat value. However, widening a buffer beyond what is
necessary exponentially increases land opportunity costs and landowner resistance.

Physical Settling of Sediment: Coarse sediment particles settle extremely rapidly. Empirical
studies and process-based models (VFSMOD) confirm that 53% to 86% of suspended sediment is
trapped within the first 4.6 to 7.5 meters of the buffer's upslope edge. Doubling the width from
7.5m to 15m provides diminishing returns for physical sediment settling alone (+4% to +17%
additional mass trapped). A healthy, high-roughness buffer can trap up to 94% of coarse sediment
within 30 meters under standard Hortonian runoff conditions.

Infiltration of Dissolved Pollutants: Soluble nutrients (such as nitrate in shallow groundwater)
and dissolved pesticides (such as atrazine and alachlor) require much wider buffers. Their removal
is entirely dependent on soil infiltration and root-zone interaction rather than physical settling.

THE RIPARIAN BLUEPRINT: ENGINEERING EFFECTIVE STREAM BUFFERS

Demonstrating the scientific necessity for wide, dense riparian buffers to effectively remove diverse agricultural pollutants, contrasting physical settling with subsurface biological treatment.

SURFACE DYNAMICS: SUBSURFACE MECHANICS:
THE WIDTH PARADOX e i, FILTRATION VS. BYPASS

Bioreactive nitrate removal occurs

AGRICULTURAL when shallow groundwater is forced
RUNOFF

i

NARROW ZONE (4.6m - 7.5m)

through the top Tm of soil.
THE SEDIMENT SPRINT
Narrow zones trap 53% to 86%
of suspended sediment through
rapid physical settling.

i )
WIDE ZONE (15m - 100m) SUBSURFACEFLOW'

THE INFILTRATION MARATHON

Soluble pesticides and nitrates require wide B

for total soil infilration and dilution. “‘
zones for Soil infiltration and dilution. \\\¥‘ = - -
I -

MODELED BUFFER WIDTHS FOR MAXIMUM POLLUTANT ABATEMENT

WIDTH FOR 00% =
POLLUTANT TARGET POTENTIAL REDUCTION PRIMARY REMOVAL MECHANISM SUBSURFAGE FLOW .‘
Phosphorus 77 Meters Infiltration & Sediment Trapping
Nitrogen 86 Meters Infiltration & Denitrification
Suspended Solids <15 Meters Physical Settling THE CONFINING LAYER TILE DRAIN

REQUIREMENT SHORT-CIRCUIT

A shallow confining layer (aquiclude) Agricultural tile drains bypass
is necessary to keep flow within the the buffer, carrying nitrate-rich
biologically active zone. water directly to the stream.

DIMINISHING RETURNS FOR SOLIDS

Doubling width to 15m yields only +4% to +17% additional sediment mass trapped.

Doubling a buffer's width from 7.5m to 15m doubles the volume of runoff water infiltrated and
diluted, dramatically reducing the mass export of dissolved chemicals. Under surface runoff
conditions, complete potential load reduction at large scales requires modeled widths of 115m for
phosphorus and 103m for nitrogen, particularly for highly sensitive watersheds.

Shallow Groundwater Treatment: Bioreactive nitrate removal in shallow groundwater is less
sensitive to buffer width and more dependent on hydrogeological settings. Significant treatment
occurs only when groundwater is forced to flow through the biologically active root zone (within the
upper 1m of soil) by a shallow confining layer or aquiclude. If agricultural tile drains short-circuit
this pathway by carrying shallow groundwater directly to streams, the buffer's biological filtration is
bypassed entirely.
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Axis 2: Stocking Density (Stems per Acre)
The stocking density of planted woody vegetation determines how quickly a buffer achieves canopy
crown closure, shades out competing weeds, and reestablishes forest-like soils.

Minimum Acceptable Stocking (200 stems/acre): Based on longitudinal monitoring of planted
buffers, 200 live trees/acre is the threshold required to achieve canopy crown closure within 10
years. The target metric makes several critical assumptions that might not be valid for all projects.
Canopy closure in ten years assumes a growth rate of 1.84 ft/yr, which requires the near-exclusive
use of soft mast trees (e.g., maple, elm, birch, poplar). Hard mast densities below 200 stems/acre
severely delay canopy closure and prolongs the period of high maintenance and weed competition.

Preferred Stocking (400 to 500+ stems/acre): Preferred for rapid site capture and the quick
establishment of forest-like soil conditions (macroporosity, organic leaf litter layer, and root-
channel development). High planting density (e.g., 525 plants/acre) combined with early weed
control allows trees and shrubs to quickly outgrow competing weeds and reach a "free to grow"
state in 4 to 6 years.

Enhanced Regeneration Integration: Field monitoring in Maryland indicates that natural
regeneration makes up 36% of the total stocking on 1- to 3-year-old planted sites. Natural
recruitment provides highly cost-effective, locally adapted native seeds. However, volunteer
seedlings are highly patchy and dominated by prolific, early-successional, wind-blown species
(such as sweetgum, red maple, and boxelder) or exotics (such as tree-of-heaven). During
maintenance activities 3 to 5 years after planting, continue to introduce species that might struggle
to recruit on their own, such as late-successional, high-value hardwoods (e.g., oaks and hickories)
that are consistently absent as volunteers and must be manually planted to ensure their
representation in the future canopy.

Figure 2 - Dense stocking and clustering allows buffers to develop more like
natural systems and achieve their full design and water quality metric potential.

6|Page



ARCH(> )WILD

2191 HILLCREST ROAD * QUAKERTOWN * PA + 18951 + (B55) 752-6862

Axis 3: Mowing & Maintenance Suppression
Vegetation control during the first 3 to 5 years after planting is the single most critical factor
determining traditional buffer survival.

No Mowing / Active Neglect: Results in a drastic drop in seedling survival (collapsing to 47%).
Heavy broadleaf weeds, aggressive grasses (such as reed canarygrass), and climbing vines choke
out young seedlings. However, passive management has two ecological benefits: it allows
maximum natural regeneration (volunteer stocking) and protects nesting grassland birds (which
require mowing to be delayed until after August 1st).

THE MAINTENANCE SWEET SPOT: OPTIMIZING RIPARIAN BUFFER SURVIVAL

ACTIVE NEGLECT: ( SELECTIVE MAINTENANCE: N CONSTANT AESTHETIC MOWING:
THE “TOO LITTLE” APPROACH THE SWEET SPOT THE “TOO MUCH" APPROACH

PEAK SURVIVAL: 75% - 77%
; y
kn..:

FAILURE: 0% - 20% SURVIVAL RATE

COST: ~47% SURVIVAL RATE n(!;ub:xt;r s(n].srml): Tm

PRIMARY THREATS PROCESS: TWO-STEP STRATEGY PRIMARY THREATS
'SUFFOCATION BY RODENT HAVEN. 1. TWICE-YEARLY 2. TARGETED BASE MECHANICAL
& COMPETITION. Dense cover invites . "KNOCKDOWN" MOWING. SPRAYING. X ' LETHALITY.
Weeds and grasses bafk wdﬂmf voles, o Reduces shading through Eliminates competition v Tractors and timmers
block sunlight and killing seediings. strategic timing. in the critical oot zone. . destroy bark and
steal moisture. stems.
OUTCOMES
OUTCOMES RAPID CANOPY CLOSURE: 4-6 YEARS. OUTCOMES
Erlﬁ Achieving a “Free to Grow” state, reducing

EXTREMELY DELAYED SITE CAPTURE. Y J long-term maintenance. INCREASED EROSION RISK.
Total weed takeover haits forest Stripping forest floor reduces
I .\ development, often trapped in /‘ ‘\ CUES OF CARE: Mowed lanes signal inter- solf's sediment trapping ability,

permanent weed-dominated stage. . tional stewardship, conveying active care increasing runof?.

MORE THAN HALF TYPICALLY SUCCUMB HIGHEST SUCCESS RATE OFTEN RESULTS IN TOTAL SITE FAILURE

MAINTENANCE TYPE
~47% EXTREMELY DELAYED Voles & Light Competition
[ seeorvewawTewnce | 7serme | dYers | hinimal(Sweeispo) |
0%-20% FAILURE Mechanical Damage

Intermittent Knockdown / Selective Mowing: Cutting back competing vegetation twice per year
reduces structural shading, stimulates root suckering and sprouting of suitable buffer species, and
provides opportunities for natural recruitment. Combining mechanical mowing with targeted spot
herbicide applications around tree bases yields the highest documented seedling survival rate
(75% to 77%). Selective mowing also serves as a visual "cue of care," establishing "orderly frames"
that reassure agricultural communities that the land is actively cared for rather than abandoned.

Regular Aesthetic Mowing: Frequent mowing to maintain a lawn-like appearance at the stream
edge is highly destructive. In urban/community parks, regular mowing results in severe mechanical
damage from mowers and string trimmers, causing near-total survival failure (0% to 20%) of
planted seedlings. Furthermore, constant mowing completely suppresses natural regeneration,
prevents surface leaf litter accumulation, and reduces soil surface roughness, leaving banks
vulnerable to scouring.
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Axis 4: Spacing & Spatial Configuration
The architectural layout of a buffer controls mechanical maintenance access, species-level
competitive dynamics, and runoff filtration.

Regularly Spaced Rows ("Engineers’ Spacing"): Planting trees in straight rows with consistent
spacing (e.g., 15x15 feet) was developed primarily for operational convenience. Straight rows are
convenient for small tractors and mowers, and they simplify installation for landscape contractors.
However, this configuration does not occur naturally, lacks ecological functionality, conveys an
invalid expectation of buffer structure, and can encourage erosion when linear planting or
maintenance lanes concentrate runoff instead of dispersing it.

Precision Riparian Buffers: The Science of Homogeneous Clustering

RANDOM MIXING HOMOGENEOQUS CLUSTERING (ORGANIZATION & SUCCESS)
(CHAOS & FAILURE)
n species with dissimilar growth rates

~ THE “INNER SEEDLING"
BUFFER: GROUPING FOR
PROTECTION

Plantthe same slowergroving
species In clusters of 10 1015
petitors.

SITE CAPTURE INSURANCE
Clustering s a strategic “nsurance
policy” for wh 2
intansive weeding of thinning.

While plants on the
edge of a cluster may
etiton,

not compromise bank stabi
- Somg it Qo Wekories)

Layouts should avoid:

straight lines i favor
curves that ok natural

low for machinery access.

Randomized Clusters (Group Plantings): Naturally occurring buffers exhibit highly patchy, multi-
species cluster dynamics. When establishing mixed-species plantings, tree species with highly
dissimilar growth rates should never be randomly intermixed at close spacing. Fast-growing,
shade-intolerant species (such as cottonwood, sycamore, or hybrid poplar) will rapidly overtop,
crowd out, and kill slower-growing hardwoods (such as oaks). Slower-growing species must be
planted in homogeneous clusters (groups). While the edge of a cluster of slow-growing species
will be lost, those inside are a safe distance from faster-growing competitors and can survive.

Topographic / Flow Convergence Concentration (Variable-Width Spacing): Siting dense
vegetation specifically where runoff swales or low-gradient floodplains enter the buffer. Placing
dense, stiff-stemmed herbaceous grass barriers at the upslope buffer edge (Zone 3) slows
incoming concentrated flows, spreading the runoff out and encouraging sedimentation before the
water enters the forested zone.
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Axis 5: Tree-to-Shrub Composition Ratio
The balance between tree and shrub species dictates the structural complexity of the buffer, its
capacity to stabilize stream banks at varying depths, and its vulnerability to stream bank failures.

Dominant Tree Composition (70% to 80% Trees): Optimized for long-term large woody debris
(LWD) recruitment, shading large channels to maintain cool water temperatures, and deep-soil
mechanical bank reinforcement. However, trees take decades to mature. Placing tall, heavy-
canopied trees (such as sycamore, silver maple, and red maple) directly on high, undercut stream
banks introduces a severe "flop risk" (stream bank tree throw). As bank erosion undercuts the
roots, these heavy trees eventually topple, ripping out large sections of the stream bank, creating
severe localized erosion, and widening the channel.

Balanced Mix (50% Trees / 50% Shrubs): Provides the optimal multi-layered forest structure
required for terrestrial wildlife. Shrub canopies provide dense, low-altitude hiding and nesting
cover for migratory songbirds, while trees provide high-altitude nesting. Shrubs also tolerate
frequent, long-duration inundation on active floodplains much better than many upland tree
species.

Dominant Shrub / Herbaceous Composition (20% Trees / 80% Shrubs): Optimized for rapid
stream bank stabilization and surface runoff filtration. Stiff-stemmed shrubs and dense perennial
grasses establish rapidly, increasing soil shear strength near the surface within 1 to 2 growing
seasons. Shrub-exclusive composition provides limited deep-root reinforcement against deep-
seated mass bank failures and cannot fully replace the long-term large woody debris recruitment
or canopy shade provided by mature trees. For maximum short-term and long-term performance,
combine a high percentage of shrubs with selected larger canopy-tree specimens that act as seed
sources for future recruitment and development.

L} v
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Figure 3 - Shrub-based buffers frequently achieve canopy closure faster than trees
alone and reduce lifecycle maintenance costs.
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Section 3: The Design Decision Matrices
Planners can use the following decision matrices to evaluate the ecological, hydrologic, and

operational trade-offs associated with reducing buffer widths, decreasing stocking rates, altering
maintenance regimes, modifying spacing, or shifting tree-to-shrub ratios.

Table 1: Buffer Width Trade-Off Matrix

QUAKERTOWN *

PA * 18951

* (B55) 752-6862

Expected Land
Expected . Terrestrial Stream Bank Opportunity
. Sediment Dissolved Wildlife & Stabilization Cost &
Target Width . Pollutant .
Trapping . . Habitat & Edge Landowner
Efficiency InfllFratlon Corridor Value Effects Adoption
Efficacy .
Barriers
10 Meters 76% — 85% 10% - 30% Very Low High Very Low
(~33 ft) (Highly (Extremely (Fails to support | (Provides full (Minimal land
efficient for limited; easily | interior species; root- taken out of
coarse overtopped; functions only as | stabilization for | production;
particles; infiltration avery basic, immediate highly
traps bulk of area is highly narrow hedge) bank if acceptable to
sedimentin restricted) vegetation is farmers)
first 5m) healthy)
30 Meters 85% —93% 35% - 55% Moderate Very High Moderate
(~100 ft) (Standard (Moderate (Sufficienthome | (Complete (Standard
maximum performance; | range for small protection; program width;
settling; doubles mammals, provides room eligible for full
capture infiltration reptiles, for natural cost-share
curves begin and dilution amphibians, and | channel under
leveling off) compared to songbirds) migration over CREP/CRP)
7.5m) time)
100 Meters 94% -100% 75% - 95% Very High Excellent Extreme
(~328 ft) (Near- (Optimal; (Functions as a (Protects entire | (Major land
complete meets true regional floodplain; loss; severe
removal of continental migration traps sediment | resistance
incoming modeling corridor with during extreme | from
particulate thresholds for | protected 100-year agricultural
loads) complete interior forest) floods) producers
load unless heavily
abatement) funded)
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Table 2: Stocking Density Trade-Off Matrix

* (B55) 752-6862

quick forest
reestablishment;
choose and site
species carefully
to prevent
overtopping
effects)

window; canopy
rapidly shades out
competitors)

shades out and
suppresses
volunteer species)

Design Years to Understory Natural Operational Cost
Stocking Level Canopy Crown Weed Regeneration (Material + Labor)
Closure Competition Integration
Window Potential
100 Stems/Acre >15Years Permanent Extremely High Very Low
(~20x20 ft (Canopy may (Requires (Provides massive (Minimal nursery
spacing) never fully close, | indefinite weed physical space for stock and tree
resulting in control; high risk volunteer seedlings | shelters required;
permanent open | ofvine to colonize) cheap initial install)
gaps) strangulation and
failure)
200 Stems/Acre ~10 Years 8-10Years High Moderate
(~15x15 ft (Achieves crown | (Requires active (Volunteer (NRCS standard;
spacing; closure via soft mechanical or sweetgum, ash, and | highly cost-effective
Minimum mast species chemical weed maple help when natural
Standard) only) suppression for augment planted regeneration is
nearly a decade) stocking over time) integrated)
500 Stems/Acre | 4-6Years 4-5Years Low High
(~9x9 ft spacing; | (Extremelyrapid | (Shortweed- (Planted tree (High initial cost for
Preferred) canopy closure; maintenance canopy quickly bare-root stock,

stakes, and
protective tree
shelters)
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Table 3: Mowing & Vegetation Suppression Trade-Off Matrix

* (B55) 752-6862

Mowing Seedling Invasive & Impact on Mechanical Landowner &
Regimen Survival Noxious Natural Damage to Community
Rate Weed Regeneration Seedlings Visual
Proliferation & Volunteers Acceptance
Risk
No Mowing ~47% Extreme Unrestricted Zero Very Low
(Active (Severe (Plots rapidly (Maximizes (No risk of (Perceived as
Neglect) seedling dominated by volunteer seed | accidental messy,
mortality Canada thistle, | germination; seedling unmanaged, and
due to light multiflora rose, | highly patchy destruction indicative of
and and and diverse) from heavy poor land
moisture honeysuckle) machinery) stewardship)
competition
)
Intermittent 75% —-77% Moderate Managed Low High
Selective (Highest (Weeds are (Slows weed (Requires (Mowed edges
Mowing survival kept below the | return; allows careful act as "orderly
(Knockdown when seedling selective operator frames,"
twice/year) combined canopy; survival of navigation or conveying
with spot prevents vine native woody seedling active,
herbicide) strangulation) volunteers) flagging) intentional care)
Regular 0% -20% Low Completely Extreme Maximum
Aesthetic (Disproporti | (Suppresses all | Suppressed (High mortality | (Highly aligned
Mowing onate failure | broadleaf (Mowers from tractor with urban
(Lawn/park- on weeds; repeatedly cut | wheels, mower | aesthetic values;
like) community/ | turfgrass sod down all wild decks, and looks clean and
urban sites) | forms dense volunteer weed manicured)
monoculture) tree/shrub trimmers)
seeds)
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Table 4: Spacing & Spatial Configuration Trade-Off Matrix
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mounted mowers
and chemical
sprayers)

overtop and kill
adjacent slow-
growing oaks)

can accidentally act
as runoff conduits)

Configuration Operational Inter-Species Runoff Trapping & Natural
Option Maintenance Competitive Filtration Aesthetic &
Feasibility Displacement Efficiency Visual Appeal
Straight Rows Maximum High Low Low
(Regular (Essential for (Fast-growing (Straight lines (Looks highly
spacing) standard tractor- species rapidly parallel to channels | artificial;

resembles crop
fields rather than
natural forest)

Randomized

Moderate

Controlled

Moderate

High

swale focus)

and complex to
navigate with
mowers)

conditions,
reducing
environmental
stress and
mortality)

runoff converges
maximizes trapping)

Clusters (Requires smaller | (Clustering slow- (Intermediate flow (Meandering
(Species mowers, growers protects impedance; mimics | edges and diverse
groupings) backpack inner seedlings natural forest floor canopy heights
sprayers, or from fast-growers) deposition patterns) | mimic wild
manual weeding) ecosystems)
Topographic Low to Moderate Site-Specific Maximum Very High
Concentration (Variable widths (Matches local soil (Siting wider buffer (Visually dynamic;
(Precision are highly irregular | hydrology and site segments where integrates

seamlessly with
natural hydrology)

13|Page




Table 5: Tree-to-Shrub Composition Ratio Trade-Off Matrix
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emerge within 5-8
years)

shallow and deep
soil horizons)

surface litter)

Composition Stream Shading Mass Bank Surface Soil Stream Bank
Ratio & Canopy Cover Stability & Root Erosion Scouring "Flop Risk" (Tree
Speed Depth Vigor Control Throw)

80% Trees / Maximum (Long- Maximum (Deep- Moderate High

20% Shrubs term) soil) (Shade can (Tall, heavy

(Forest Core (Provides (Large, deep roots suppress hardwoods on

focus) complete channel | increase soil shear herbaceous high, steep banks
shading but takes | strength at greater understory, can topple and rip
10+ years to depths) exposing bare soil out bank)
establish) to scour)

50% Trees / Moderate High (Balanced) High Managed

50% Shrubs (Decent shading; (Mixed root (Shrubs maintain (Placing

(Balanced multi-layered architecture continuous ground lightweight shrubs

Mixed focus) canopy structures | stabilizes both cover and organic on bank toe

minimizes failure
risks)

20% Trees /
80% Shrubs
(Shrub/
Herbaceous
focus)

Low

(Minimal channel
shading; water
temperatures
remain
vulnerable)

Low (Shallow-only)
(Fails to reinforce
deep soil planes
against massive
landslide/failure)

Maximum

(Dense shrub
thickets and
grasses completely
bind surface soils)

Negligible
(Flexible,
lightweight shrub
stems pose zero
risk of tree throw)
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Section 4: Step-by-Step Ecological Design Protocol

1. Identify the Project's Level IV EPA Ecoregion: Do not use arbitrary distance rules (e.g., "native
to within 50 miles of the site"). Sourcing plants based on geometric radius ignores drastic local
changes in geology, soil series, and hydrology. Identify the project address on the EPA Level IV
Ecoregion map to establish the genetic baseline (e.g., EcoRegion 064a - Triassic Lowlands or
EcoRegion 064b - Trap Rock and Conglomerate Uplands). Note: In high-relief mountainous terrains
(e.g., the Intermountain West or Pacific Northwest), ecoregion polygons must be supplemented by
established forestry seed zones and vertical elevation bands to prevent maladaptation.

2. Topographic Swale Mapping (Runoff Analysis): Prior to establishing buffer margins, analyze
high-resolution digital elevation models or conduct a field site visit. Map all visible concentrated
flow paths, gullies, and drainage ditches. Determine the effective contributing area draining to
each segment of the stream bank.

3. Specify Genetic Provenance & Tracking: Mandate in the design contract that all tree and shrub
stocks must be propagated from wild, open-pollinated populations collected within the designated
Level IV EPA Ecoregion. Require nursery suppliers to provide the seed-lot accession code and
seeding date on every flat or pot tag.

4. Four-Zone Layout Delineation: Establish four functional zones to optimize the buffer.

Zone 1 (0 to 15 ft from Top of Bank) is sited for shading and bank stability. Specify lightweight,
flexible woody species (such as native willows or alders) directly on high, undercut stream banks to
eliminate "flop risk". Hardwoods with high tree throw risk (such as red maple or silver maple) must
be sited at least 15 feet landward of unstable bank edges.

Zone 2 (15 to 100 ft from Top of Bank) is sited for dissolved chemical infiltration and bioenergy or
multifunctional crops. Specify high-density plantings (400+ stems/acre). Focus species selection
on productive, harvestable native crops (such as elderberries, hazelnuts, or hybrid poplars).

Zone 3 (Upland Buffer Edge) is sited for surface runoff velocity retardation and the introduction of
hard mast species (e.g., walnut, oak, hickory, locust). Specify dense, stiff-stemmed perennial
grass filter strips to disperse incoming overland flows and deposit coarse sediment before they
enter the forested zone and for providing a hard mast seed source for the long-term development of
the buffer.

5. Species Clustering Layout: Avoid random single-tree mixtures in the planting row. Group
slower-growing, shade-intolerant species (such as oaks) in homogeneous clusters of 10 to 15
plants. This clustering protects interior seedlings from being overtopped and out-competed by fast-
growing, aggressive neighbors (such as cottonwood or willow). Space rows 5to 10 feet apartin
sweeping curves to accommodate tractor mowers for maintenance access.

6. Implement Verification-Driven Maintenance and Adaptive Management: Establish a 5-year
maintenance contract. Combine mechanical mowing with targeted spot herbicide applications
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around seedlings for the first 3 years to ensure survival rates exceed 75%. Conduct semi-annual
monitoring visits using 1/100th-acre systematic plots to track vegetative stocking, split by planted
sheltered seedlings, planted unsheltered seedlings, and native volunteer regeneration.

Figure 5 - Classic example of a well-ordered buffer; shrubs dominate the riparian
zone along with a baseline graminoid meadow, with hard mast trees in the
background

Figure 5 - Example of a simple soft mast buffer comprised of only river birch;
delivers good speed-to-cover performance but lacks diversity and cannot
reproduce in the riparian zone; other planted species overwhelmed by river birch
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Section 5: Ecological Synergies and Landscape Adaptations

Crop Pest Biocontrol Synergies

Buffers can be strategically designed to support adjacent cropland. Planting non-cropped, sunny
outer margins (such as Zone 3 or adjacent field margins) with clusters of native flowering herbs like
dill, yarrow, and fennel provides critical habitat and food sources for beneficial predatory insects
like chalcid wasps and minute pirate bugs, which naturally prey upon and control devastating crop
pests like the corn borer, corn earworm, and spider mites in neighboring agricultural fields,
reducing pesticide costs.

Multi-Purpose Crop and Bioenergy Production (Zone 2)

To offset the opportunity cost of taking land out of production, Zone 2 can be managed for high-
value woody crops that generate long-term revenue. This multifunctional buffer strategy integrates
fast-growing bioenergy feedstocks (such as short-rotation willow) and edible/floral woody products
(such as hazelnuts, elderberries, or decorative red-osier dogwood stems) that absorb nutrients
while yielding harvestable, marketable specialty products.

Use of such species should be considered as adjuncts to the buffer only.

'Squaring Off' for Operational Farming Efficiency

While variable-width buffers are highly efficient for water quality because they match topographical
swales, their meandering, irregular boundaries can disrupt farming operations by creating awkward
tractor turning lines. To resolve this, designers can 'square off' the outer field-boundary of the
buffer. By incorporating dry, non-sensitive corners into the buffer and planting them with low-
maintenance bioenergy crops or wildlife shrubs, planners can maintain straight, efficient tractor
paths while keeping the hydrologically sensitive swale cores fully protected.

Beaver Management and Hydrologic Adaptation

Beaver activity is a major driver of riparian hydrology in agricultural watersheds. While beaver dams
can cause localized flooding of crop fields, they slow high-velocity stream flows, trap massive
volumes of agricultural sediment, and raise the water table, re-connecting the stream with the
buffer's root zone. Planners should establish clear beaver management protocols—such as
installing pond levelers to control flooding depth or tree cages on master mast trees—to leverage
the water-quality benefits of beaver activity while protecting agricultural investments.
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Section 6: Synthetic Data Visualization

To assist planners with visualizing the relationship between buffer width, management density, and
sediment and nutrient trapping efficiencies, the reference values below summarize process-based
modeling across standard reference conditions.

Optimizing Riparian Buffers: Width and Density Determine Efficacy

Width vs. Pollutant Trapping Efficiency Impact of Density, Roughness & Flow Uniformity
(Standard Agricultural Hillslope, 2% Slope) (Standard 10-Meter Buffer Efficacy)
30m Width:

100 100

80 80

10m Width:
65% Sedipfent

60 60

40 40

=8~ Sediment (10m Buffer)

~&— Total Phospharus (10m Buffer)
8 20 —#— Dissolved Nitrogen (10m Buffer)
— Sediment (Coarse Soil Particles} ) Poor / Disturbed (Concentrated Bypass)
=== Total Phosphorus (Particulate-Bound & Dissolved) Fair / Intermediate (Moderate Roughness)

=== Dissalved Nitrogen (Nitrate Surface Infiltration) Good to Excellent (>65% Roughness & Uniform Flow)
0 0
0 20 40 60 80 100 1 2 3 4 5 6 7 8 E] 10
i (severe (Mowed/ (Patchy/ (Dense (Multi- (Excellent
Buffer Width (meters) Bypass} Grazed) No Prep) Grass) species) Roughness)

Pollutant Trapping Efficiency (%)
Actual Trapping Efficiency (%)

20

Vegetative Density & Flow Quality Score (1 to 10)

d from Dosskey et al. (2002, 2008), Weissteiner et al. (2013)

Figure 6 - Riparian buffer runoff-trapping efficacy and siting-efficacy dynamics as a function of width and ground
roughness, adapted from JRC and USDA models.

Buffer Width vs. Trapping Efficiency under Reference Conditions
Sediment (Coarse Particles): 7.5-meter width traps 81%; 15-meter width traps 89%; 30-meter
width traps 94%.

Dissolved Nitrogen (Nitrate): 7.5-meter width traps 24%; 15-meter width traps 38%; 30-meter
width traps 45%.

Total Phosphorus (Particulate Bound): 7.5-meter width traps 55%; 15-meter width traps 68%; 30-
meter width traps 75%.

Note: Dissolved nutrient trapping efficiencies represent surface runoff infiltration and dilution
processes under standard 2% slope agricultural conditions, assuming sheet flow. Performance
collapses significantly under concentrated flow bypass.
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Section 6: Grading Buffers for Continuous Improvement

Integrating a parent-child relational database topology directly into mobile data collectors solves
the core limitations of static field checklists, transforming routine monitoring into a predictive tool
for watershed-scale restoration. To enable this transition to a robust, performance-focused data
collection methodology, we need a new data model for recording and evaluating observations over
time.

6.1 Core Schema Architecture

Unlike the static "Maintenance Forms" that evaluate entire properties with single, subjective
grades, this new data model uses an append-only relational design. It separates long-term data
tracking into distinct, normalized levels:

e Table 1: Project Registry (Parent): Captured once at contract signing, recording project
coordinates, baseline SSURGO soil hydrologic groups, Level IV EPA ecoregion codes, target
widths, and specified species composition ratios.

o Table 2: Buffer Mapping Units (BMU Segment Index): Segments continuous stream
corridors into discrete, spatially referenceable reaches (<=300 feet long) to trace localized
conditions over time.

e Table 3 & 4: Assessment Header & Details (Child): Captures repeatable, date-stamped
visit metadata (current stream stage, certified inspector names) and maps reach-level
structural, hydrologic, and geomechanical failures.

e Table 5: Systematic Vegetation Plot Audits (Child): Tracks standardized 1/100-acre
systematic plots (11.78 ft radius) along each segment to audit stocking, stock type survival,
and genetic provenance.

e Table 6: Maintenance & Spray Log (Child): Integrates professional applicator tracking,
chemical mix rates, EPA registration numbers, wind parameters, and labor hours.

6.2 Sourced Biophysical Tracing Metrics
Software-based data-entry fields transition monitoring from check-the-box templates into rigorous,
quantitative metrics:

¢ Hydrologic Bypass Tracing: Tracks the count of visible Concentrated Flow Paths (CFPs)
and active subsurface tile drain outlets, identifying exactly where runoff "short-circuits"
root-zone filtration.

o Surface Roughness Quantification: Evaluates undulating micro-topography, woody
debris, and leaf litter depth. Replaces subjective ratings with the scientific threshold where
roughness > 65% slows runoff and promotes soil infiltration, while roughness <50
indicates high erosion risk.
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e Geomechanical "Flop Risk" Tracing: Logs the linear distance of undercut banks and
slumping, and records the occurrences of Stream Bank Tree Throw (Flop Risk) to identify
where tall, top-heavy canopy species are destabilizing the channel toe.

e Genetic Provenance Auditing: Prompts inspectors to record nursery accession codes
from tree tags and verify whether the planted material genetically matches the Level IV EPA
ecoregion specified in the original project design.

e Biological Integrity Indexing: Integrates the ratio of observed to expected ecoregional
riparian obligate breeding birds as an indicator of mature ecosystem function.

6.3 Verification-Driven Scoring Model (0-10 Scale)

The Assessor AW database automatically calculates a performance score on a 0-10 scale using the
following weighted biophysical variables: (M1 x 0.30) + (M2 x 0.25) + (M3 x 0.15) + (M4 x 0.15) + (M5
x 0.15).

e Stocking Density (M1 - 30%): 10 points for >400 stems/acre; 7
points for the acceptable minimum of 2200 stems/acre; 5
points for <200 and >100 stems/acre; 3 points for <100 and >50
stems/acre; 0 points for complete failure at <50 stems/acre.

e Bypass Integrity (M2 - 25%): 10 points for O flow-bypass paths;
5 points for 1 to 2 CFPs; 0 points for 23 active CFPs or open tile
drains.

¢ Invasive and Noxious Weed Cover (M3 - 15%): 10 points for
<10% cover; 5 points for <50% cover; 0 points for >50% cover
(monoculture infestation).

e Geomechanical Bank Stability (M4 - 15%): 10 points for O tree throw events and stable
banks; 0 points for active mass bank toe failures.

e Biological Integrity (M5 - 15%): 10 points for >80% bird species ratio; 0 points for <60%
bird ratio.

e (Optional) Biological Integrity (M6): 10 points for >80% lepidoptera species ratio; 0 points
for <60% lepidoptera ratio.
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6.4 Interactive Assessor AW Automation Formulas
To expedite buffer evaluation and actions, Assessor AW can:

1. Calculate Stems per Acre directly from systematic plot entries.

2. Trigger Sourcing Discrepancy Alerts when nursery tags don't match ecoregion baseline
specs.

3. Generate Automated Replanting Work Orders when stems fall below $200/acre or weed
competition exceeds 25%

Section 7: Additional Placement Guidelines

Randomly mixing species in a riparian buffer or placing incompatible plants near each otheris a
primary driver of long-term failure, leading to a rapid loss of tree diversity, structural collapse, and
accelerated bank erosion.

To visually represent the biophysical mechanisms that govern species selection, spacing, and
spatial configuration, the companion infographic titled Riparian Species Clustering: Strategic
Placement vs. Random Mixing contrasts traditional random mixing with strategic clustering and
precision zonation.

The infographic details two contrasting design models and highlights the ecological and
geomechanical rules required to optimize a buffer's lifespan:

7.1 Vulnerability of Random Mixing (Traditional Standard)

The Competitive Displacement Mechanism: Traditional designs often prescribe a random,
uniform mix of species across the planting rows. However, different species exhibit vastly different
early growth rates. Fast-growing, shade-intolerant colonizers (such as eastern cottonwood, silver
maple, and black willow) rapidly capture the site, overtopping and crowding out slower-growing
hardwoods (such as oaks).

The Spacing and Density Accelerator: This competitive displacement is highly sensitive to
planting density. The closer the spacing in a random mix, the faster and more completely the
slower-growing species are suppressed and killed. Over time, this shifts the multi-species buffer
into a simplified monoculture of early-successional trees, failing to establish the multi-layered
canopy and late-successional forest structure required by wildlife.

7.2 Homogeneous Clustering and Precision Zonation

Homogeneous Species Groupings: To ensure the long-term survival of slower-growing, shade-
intolerant species (such as oaks or hickories), designers should utilize homogeneous species
clustering (groups) rather than random mixing. When 10 to 15 trees of the same slower-growing
species are planted together in a dense cluster, the seedlings along the outer margin of the cluster
may still experience intense competition, but the trees in the center remain a safe distance from
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aggressive competitors. This secures their survival, encourages rapid site occupancy, and
preserves stand-level diversity without requiring constant, intensive selective thinning.

Mitigating Stream Bank "Flop Risk" (Tree Throw): Siting species near the aquatic edge must
account for the physical weight of mature canopies. Planting tall, heavy-canopied hardwoods
(such as sycamore, river birch, and red maple)—which carry a significant flop risk—directly on
high, steep, active stream banks is highly unstable. As bank erosion undercuts their root systems,
these heavy trees eventually topple, tearing out large sections of the stream bank and accelerating
channel erosion.

Geomechanical Zonation: Designers must site lightweight, flexible, and highly flood-tolerant
woody shrubs or small trees (such as native willows, silky dogwood, or alders) directly on active
stream bank toes. Because their stems are flexible, they absorb energy from flowing water and
wave action without posing a risk of tree throw. Heavy hardwoods should be positioned at least 15
feet landward of active bank margins to provide deep-root soil reinforcement without destabilizing
the bank edge.

Sweeping Curves for Maintenance Access: While natural buffers are patchy, establishing them in
regular rows spaced 5 to 10 feet apart in sweeping curves allows tractors, ATVs, and mowers to
navigate the site for weed control without damaging the seedlings. Sweeping curves maintain a
natural, meandering aesthetic while preserving mechanical maintenance feasibility.

References

The design parameters, stocking density rates, and mitigation curves presented in this guideline
are grounded in publicly available resources and technical references, including materials from the
USDA National Agroforestry Center (NAC), Maryland Department of Natural Resources (MD DNR)
Forest Service, and the European Joint Research Centre (JRC).

Figure 7 - Adopting these design guidelines can reverse the trend of failed and
under-performing buffers throughout the Mid-Atlantic region.
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Functional Riparian Buffer Appendix

Example images of built and natural buffers considered partly or wholly compliant with the design
guidelines. Each buffer is different according to available site conditions, ecological constraints,
and landowner preferences.

Professional assistance is available through ArcheWild® project managers.
Buffer monitoring software, Assessor AW, is also available through ArcheWild®.
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Document Confidentiality Statement

The information in this document is confidential to the person/company to whom it is addressed
and should not be disclosed to any other person/company. It may not be reproduced in whole, orin
part, nor may any of the information contained herein be disclosed without the prior consent of the
principals of ArcheWild (‘the Company’). A recipient may not solicit, directly or indirectly (whether
through an agent or otherwise) the participation of another institution or person without the prior
approval of the principals of the Company.

The contents of this document have not been independently verified and they do not purport to be
comprehensive, or to contain all the information that a prospective client may need. No
representation, warranty or undertaking, expressed or implied, is or will be made or given and no
responsibility or liability is or will be accepted by the Company or by any of its principals,
employees or advisors in relation to the accuracy or completeness of this document or any other
written or oral information made available in connection with the Company.
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