
META-ANALYSIS OF RIPARIAN 

ZONE WIDTH EFFECTS ON 

INSTREAM PROCESSES AND 

TAXA RICHNESS

Rosamar Ayala-Torres

ORISE Fellow

Kyle McKay, Ph.D., P.E.

Environmental Laboratory

EMRRP Webinar Series

January 2024



UNCLASSIFIED

2UNCLASSIFIED

PRESENTATION OVERVIEW

• Overview of riparian zones and 

approach to model development

• A brief primer on meta-analysis

• Meta-analysis of riparian buffers

• Using the meta-analysis to 

develop a screening model for 

riparian zones

Photo: Beargrass Creek, Louisville, Kentucky (Laura Mattingly)
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OVERVIEW OF RIPARIAN FUNCTION AND PROCESS



UNCLASSIFIED

4UNCLASSIFIED

RIPARIAN ZONES AS KEY TRANSITIONAL ECOSYSTEMS 

LINKING FRESHWATER AND TERRESTRIAL AREAS

Figure: Conceptual model of riparian functions (Samantha Wiest)
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LOTS OF FORMS OF RIPARIAN MANAGEMENT 

Figures: Mississippi River Basin Conservation Network, Ainslie et al. (1999, ERDC WRP-DE-17), 

Sacramento levee system, California (McKay), Proctor Creek, Atlanta, Georgia (McKay)

Regulatory choices 

about buffer widths 

(usually state and local)
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Wetlands
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DIFFERENT FUNCTIONS => DIFFERENT WIDTHS

Figure: University of Tennessee (https://riparian.utk.edu/why-riparian-zones/) 

https://riparian.utk.edu/why-riparian-zones/
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WIDTH AS A SURROGATE FOR MANY PROCESSES

Target widths vary widely by jurisdiction, 

context, and other factors

Riparian 
Zones

Support flora & 
fauna

Retain 
pollutants

Attenuate floods

Stabilize 
streambanks

Provide shade 
& temperature 

regulation

Reduce human 
disturbances

Geographic 

region

Mean

(m)

Range

(m)

Number of 

regulations

USA 35 1.5 – 815 62

Americas

(without USA)
83 5 – 500 22

Europe, Asia, 

Africa, and 

Oceania

88 5 – 1000 32



UNCLASSIFIED

8UNCLASSIFIED

TIERED APPROACH TO RIPARIAN MODEL DEVELOPMENT

Levels of effort in ecological modeling: 

Harris et al. (2023, ERDC/TN EMRRP-EM-11)

Low level of effort Moderate level of effort High level of effort

Scope Rapid, desktop tools for 

order-of-magnitude 

estimates comparing sites

Rapid assessment for 

comparing the relative 

effects of alternatives at 

the site-scale

Regionally tailored methods 

that target specific 

ecological targets and have 

often been field verified

Metric Types Simple geospatial Simple geospatial

Rapid, semi-quantitative 

field assessment

Typically empirical 

measurements

Time 

commitment

minutes-hours hours-days varies

Geography Global meta-analysis National, on-the-shelf 

field assessment tool 

Regionally scoped models 

(compiled into a web 

applications)

Processes 

included

Instream processes

Taxa-oriented outcomes

Corridors

Instream processes

Taxa-oriented outcomes

Corridors

Instream processes

Taxa-oriented outcomes

Corridors
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PROJECT OBJECTIVES

• Develop a simple, desktop method for 
assessing the relative change in riparian 
quality as buffer width increases

• Compile globally available data on buffer 
performance and analyze with meta-analysis

• Compile empirical evidence building from 
existing qualitative reviews (Wenger 1999, 
Fischer and Fischenich 2000)

• Incorporate studies conducted since seminal 
reviews (i.e., 2000-2021) and expand the 
focal geography (i.e., US -> Global)

• Extend beyond water quality outcomes to 
taxa-oriented processes (Lind et al. 2019)

Figure: Fischer and Fischenich (2000)
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A BRIEF PRIMER ON META-ANALYSIS
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META-ANALYSIS AS A TOOL FOR SYNTHESIZING RESEARCH 

Method used to synthesize evidence across studies to detect effects, estimate magnitudes and 

variations and to analyze the factors that influence (Gurevitch et al., 2018).

– First used on in psychology (Glass 1976) and the medical sciences (Borenstein et al. 2009; Moher et al., 2009).

– Meta-analysis have also been recognized in the fields of ecology and conservation biology with the 

method becoming increasingly popular since the 1990s (Vetter et al., 2013).

Figure: Vetter et al. (2013)



UNCLASSIFIED

12UNCLASSIFIED

REPEATABLE TECHNIQUES FOR META-ANALYSIS 

Guides:
– PRISMA

Preferred Reporting Items for Systematic reviews and Meta-Analyses

– Eco-Evo
Ecology and Evolution
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WHAT DATA ARE BEING SYNTHESIZED?

Top three general objectives needed to conduct a meta-analysis:
1) estimating an overall effect size
2) quantifying consistency (heterogeneity) between studies
3) explaining the heterogeneity 

EFFECT SIZE
Typically used to refer to the magnitude or strength of an effect of interest or its biological 
interpretation.

– Three most common types of effect measurements 
• Single 
• Comparative 
• Association

– It is important to note that any measures with sampling variance can become an ‘effect size’.
(Nakagawa et al., 2023)

Single -> average & SD / SE

Comparative -> Control results (X±SD) vs Treatment results (X±SD)

Association -> Pearson correlation, Spearman correlation 
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WHAT OUTCOMES CAN BE OBTAINED FROM META-ANALYSIS?

Plot B

- Forest plot / graph that visually shows individual studies, 

effect size, and the overall estimate
• Common effect model

• Random effect model

Plot C & D

- Regression / tries to relate the size of the effect to 

characteristics of the studies involved. (Israel and Richter, 2011)

• [C] Categorical moderator

Boxplot

• [D] Continuous moderator

Bubble plot

Figure: Gurevitch et al. (2018)
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WHAT OUTCOMES CAN BE OBTAINED FROM META-ANALYSIS?

Plot E 

- Funnel plot

• Understanding publication bias based on the funnel 

asymmetry

Plot F

- Forest plot usually uses on psychology and health studies.

• Cumulative meta-analysis in which outcomes are

added into the analysis, in this example cumulative by time.

Figure: Gurevitch et al. (2018)
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META-ANALYSIS OF RIPARIAN BUFFERS
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EXISTING SYNTHESIS ON RIPARIAN BUFFERS

What are the gaps in these studies that we are filling?
• Compilation of empirical evidence rather than judgment

• Expanding data sets 

• Instream processes / removal efficiency

• Additional processes 

• Ecological processes / species richness
Meta – Analysis of 
Riparian Buffers

Lind et al. 
(2019)

Fischer 
and 

Fischenich
(2000)

Wenger 
(1999)

Forward 
citation studies

“riparian buffer”

Reference 
studies “buffer width”

“corridor width”

Keywords
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STUDY IDENTIFICATION

[Response variables -> Effect Size] 

Correlation : Relative 

Species Richness and 

Buffer Width

Proportion : Relative 

Species Richness

Correlation : Removal 

Efficiency and Buffer Width

Mean : Removal efficiency

26 studies included in 

Instream Process

Meta-Analysis 

31 studies included in  

Taxa Richness 

Meta-Analysis 

57 studies included in quantitative 

synthesis: descriptive statistical 

analysis 
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DATA COMPILATION AND EFFECT SIZE 

Part 1:

Objective:
Compile and synthesize data on the effects of 
buffer width on Instream and Ecological processes, 
to determine if the buffer width is an important 
factor to asses riparian zone. 

Plan: 
Use the measurements that already associates the 
response variable with width as effect size (r) to 
reexamine the effectiveness of studies 
interventions. 

R packages:

• ‘esc’

• ‘meta’ 

• ‘meta-cor’
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PART 1 

INSTREAM PROCESS

DATA DESCRIPTION

Total Papers 26

Buffer width range 0 – 100 m

Publication Year range 1990- 2021

Contaminants monitored Nitrogen, Phosphorus, Sediments, 

Pesticides/Herbicides

Observations: 

• Consistent with the majority of previous quantitative studies 
exist a positive correlation between removal efficiency of 
contaminants and the width of riparian buffer.

• Was not expected the STRONG (r > 0.8) positive correlation.
• Confidence intervals reaffirms the results significance.
• High heterogeneity is the norm in EcoEvo Meta-analysis. 

OUTCOME

Meta-correlation (r) 0.8854

95% CI 0.8522; 0.9185

I2 84.2%
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PART 1 

ECOLOGICAL PROCESS

Observations: 

• Overall moderate positive correlation (r > 0.5) between 

relative species richness and the width of riparian buffer.

• Confidence intervals reaffirms the results significance, but the 

present variance observed on the forest plot.

• High heterogeneity is the norm in EcoEvo Meta-analysis. 

DATA DESCRIPTION

Total Papers 31

Buffer width range 0 – 2088 m

Publication Year range 19953 - 2022

Taxa monitored Vegetation, Invertebrates, 

Herpetofauna, Mammals, Birds, Fish

OUTCOME

Meta-correlation (r) 0.5957

95% CI 0.4850 0.7065

I2 95%
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DATA COMPILATION AND EFFECT SIZE 

Part 2:

Objective:
Develop essential information for scientists, public 
and decision makers can estimates riparian buffer 
width thresholds for functional outcomes based on 
Instream and Ecological processes. 

Plan: 
Use the single measurements from the response 
variable as effect size to reexamine the 
effectiveness of studies interventions and through 
meta-regression help explaining the variation and 
provide a tool that help explore best functional 
buffer width threshold. 

R packages:

• ‘esc’

• ‘meta’ 

• ‘meta-mean’

• ‘meta-prop’

• ‘meta-reg’
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PART 2

INSTREAM PROCESS

Observations:

• In average, without taken in consideration the width, exists

a 64% of removal efficiency, meaning the existence of

other moderators that helps the contaminants removal.

• Most of the included studies report a mixed vegetation

(dark green dots).

Instream

Data Description:

Total Observations 82

Overall Mean 64.23

95% CI 58.31; 70.16

Regression Y = 44.706 + 8.194 ln (x)

p-value < 0.05 (0.02)
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EACH OUTCOME CAN BE FURTHER SUBDIVIDED INTO 

MORE SPECIFIC INSTREAM PROCESSES

n Regression
Buffer Width (m) with

75% effectiveness 

All (red) 82 Y = 44.706 + 8.194 ln (x) 40.3

Sub-groups:

Nitrogen (orange) 35 Y = 34.520 + 10.710 ln (x) 43.8

Phosphorus (blue) 25 Y = 25.314 + 12.929 ln (x) 46.7

Sediments (green) 20 Y = 90.704 – 3.055 ln (x) 170.8

• The excess of nutrients removal regression behaves similar to

the overall removal efficiency regression.

• Using the regression outcomes can estimate that over the

40 m a 75% of removal efficiency on Nitrogen and

Phosphorus removal.

• Sediment removal regression tends to present a different

behavior. More studies would like to be add to a better

outcome.
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PART 2

ECOLOGICAL PROCESS Ecological

Data Description:

Total Observations 45

Overall Proportion 0.8256

95% CI 0.7645; 0.8867

Regression Y = 0.667 + 0.044 ln (x) 

p-value < 0.10 (0.06)

Observations:

• In average, without taken in consideration the width exists

a 75% of relative species richness, meaning the existence

of other moderators that helps species richness on the

area.

• Most of the studies that were taken in consideration show

the tendency to have trees as the buffer vegetation.
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EACH OUTCOME CAN BE FURTHER SUBDIVIDED INTO 

MORE SPECIFIC INSTREAM PROCESSES

n Regression
Buffer Width (m) with

75% effectiveness 

All (red) 45 Y = 0.667 + 0.044 ln (x) 6.6

Sub-groups:

Vegetation (dark green) 4 Y = 0.885 - 0.052 ln (x) 13.4

Birds (light blue) 7 Y = 0.377 + 0.146 ln (x) 12.9

Fish (light green) 3 Y = 0.970 + 0.007 ln (x) 0.0

Herpetofauna (pink) 3 Y = 0.597 + 0.094 ln (x) 5.1

Mammals (purple) 6 Y = 0.333 + 0.119 ln (x) 33.3

Invertebrates (orange) 22 Y = 0.534 + 0.069 ln (x) 22.9

• The overall richness increase with a bigger buffer, and is

observed that Invertebrates, Mammals, Birds and Herpetofauna

present a similar behavior.

• Vegetation and Fish regression present a different behavior.

• Using the regression outcomes a wide buffer width range was

found 5.1 - 30 m to present a 75% (or 0.75) of relative species

richness.
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LIMITATIONS OF META-ANALYSIS

Limitations of meta-analysis in general

Publication bias

Research bias

Limitations, controversies and challenges 

in this study

Publication bias

Location

Language

Research bias

Inclusion other moderators

Limited statistical information provided
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TRANSLATING THE META-ANALYSIS INTO MODELS
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TRANSLATING META-ANALYSIS INTO HABITAT SUITABILITY
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BREAKING OVERALL SUITABILITY INTO 

INDICES TARGETING SPECIFIC OUTCOMES
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HYPOTHETICAL PROJECT

• Example restoration scope
• Reach length = 1 mile

• Current riparian buffer width ~ 25 feet on left bank 

(representative state minimum) 

• Three potential objectives and associated actions
• Increase stream stability: Increase to 50 ft (~15m)

• Enhance water quality: Increase to 100 ft (~30m)

• Provide habitat: Increase to 200 ft (~60m)

Figure: Fischer and Fischenich (2000)
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WHAT IS THE ECOLOGICAL “LIFT” FROM THESE 

HYPOTHETICAL RESTORATION ACTIONS?

Width (ft) Area (ac) SI 

(instream)

SI

(taxa)

Habitat 

Suitability 

(HSI)

Habitat

(HUs)

Lift

(HUs)

25

(current)

3.2 0.62 0.72 0.67 2.1 0.0

50 6.4 0.67 0.79 0.73 4.7 2.6

100 12.8 0.73 0.86 0.80 10.2 8.1

200 24.7 0.79 0.93 0.86 21.2 19.1
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We want to hear from you!

Rosamar Ayala-Torres

Vicksburg, Mississippi

Rosamar.Ayala-Torres@erdc.dren.mil

Kyle McKay, Ph.D., P.E.

New York, New York

Kyle.McKay@usace.army.mil

Take-away messages

• Developing a suite of riparian modeling tools 

applicable across a spectrum of low to high effort

• Extensive study of riparian buffers globally provides 

a basis for empirical thresholds in buffer width (via 

meta-analysis)

• A simple habitat-style model is being developed for 

high-level screening across sites

Upcoming Webinars!

• Jan 29: Riparian Ecosystem Function Index (REFI)

• Jan 31: Web App for Riparian Models (WARM)
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