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Project overview

What?

(1) Identify key science questions relating to water funds

(2) Assess evidence base for selected questions via literature review

Who?

Focused on project-level science needs with deliverables targeted to TNC 

staff (field- and executive-level)

OVERVIEW 3
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Approach

Identify key questions Assess evidence base

Initial scoping
Project team scoped initial 

questions—by benefit category  

(water quality, biodiversity, etc.)
                     
                     

Expert review
30 experts—within and outside 

TNC—invited to provide 

additions and feedback
                         
                     

Priority selections
Total of 51 priority questions 

were identified—4 were selected 

for assessment

1

2

3

Rapid review
Rapid literature search and 

review for each selected 

question
4

                      
                     

Summary report
Summary of findings and 

reference database5
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Selected questions
Aquatic biodiversity
To what extent can different source water protection activities contribute to aquatic ecosystem and 

biodiversity benefits?

Land interventions and flow changes
To what extent can common source water protection activities affect baseflows, groundwater quantity, 

and flooding through changes in infiltration and runoff?

Agricultural practices and crop yields
To what extent can specific agricultural best management practices result in crop yield gains or cost 

reductions?

Climate and land use change impacts
What are the expected relative magnitudes of contributions to hydrological outcomes from 

anthropogenic climate change as compared to land use/land cover change?

2
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Aquatic biodiversity

Summary

The ability to generalize the types and degrees of beneficial freshwater biodiversity responses 

from source watershed actions that address surface sediment and nutrient loading is not 

supported by the literature. Studies indicate conflicting outcomes within and across taxa, and 

there is limited observation of biotic responses to actions addressing only a single type or 

source of ecosystem stress.

To what extent can different source water protection activities contribute 

to aquatic ecosystem and biodiversity benefits?

BIODIVERSITY 7
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Aquatic biodiversity
Highlights

• All else being equal, reduction of excess (unnaturally high) levels of sediments and/or 

nutrients in freshwater systems will benefit aquatic ecological integrity and native aquatic 

species.

• Unfortunately, ‘all else being equal’ is rarely the case.

• There is a dearth of studies measuring the direct impacts, and a lack of consensus as to 

the direction of impact.

• While source water protection activities can contribute to aquatic biodiversity 

conservation, in many cases, such activities may not achieve conservation objectives on 

their own.

BIODIVERSITY 8
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Aquatic biodiversity
Examples from literature

• Chessman (2013) examined freshwater biodiversity 

impacts from protected areas in the Murray-Darling 

basin.

• Richness and abundance of native fish species did not 
differ significantly between protected and 
unprotected areas.

• Two native species were significantly more abundant 
within protected areas, whereas another two were 
significantly more abundant outside.

• Protected status alone has little effect on native fish 
because it does not, by itself, exclude threats such 
as alien fish and alteration of water regimes.

BIODIVERSITY 9

From Chessman, 2013. Mean values of fish 

assemblage attributes (±95% confidence 

limits) for environmentally matched subsets 

of protected (P) and unprotected (U) sites.
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Examples from literature
• A meta-analysis of 55 studies to assess how trout respond to riparian 

changes (Sievers et al. 2017); 

• On average, trout populations responded positively to increasing 

woody debris and livestock exclusion (+87.7 and +66.6% 

respectively), and negatively to bushfire and afforestation (-67.4 and -

88.2%  respectively) (right Fig);

• Limited info on certain riparian restoration activities (revegetation); 

lack of long-term data;

• Most studies conducted in North America and Europe (Figure 2 in 

article); 

• Not all activities included in this review are considered SWP 

activities, but may shed light on the potential impacts on a certain 

taxonomy group;

• Distinction between attracting fish (increased abundance or 

density) vs enhancing population production (i.e. individual size 

and growth). Source: Sievers et al. Freshwater Biol 2017

Aquatic biodiversity

BIODIVERSITY 10
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Aquatic biodiversity
Key gaps

• Overall, there is little evidence on direct impacts of SWP on aquatic ecosystems and 

biodiversity given the predominance of other threats and land-use legacies. 

• Lack of studies focused on the impacts resulting specifically (and singularly) from 

protected areas/land protection, agroforestry, and silvopasture.

• Lack of geographical representation—studies highly skewed towards North America.

BIODIVERSITY 11
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Land interventions and flow 
changes
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Land interventions and flow changes
To what extent can common source water protection activities affect 
baseflows, groundwater quantity, and flooding through changes in 
infiltration and runoff?

FLOW CHANGES 13

Summary

Based on current evidence and in the absence of additional site-specific information, it is not 

possible to infer the direction or magnitude of changes to hydrologic flux resulting from 

source water protection activities. Benefits to baseflow or groundwater recharge are site-

specific and cannot be generalized. Changes in baseflow, groundwater recharge, and flood 

mitigation have been measured in some instances, but neither the outcomes nor the 

significance to people are readily generalizable. In short, beneficial changes to flow-related 

outcomes resulting from land management changes cannot simply be presumed without 

additional evidence.
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Land interventions and flow changes
Highlights

• Activities should not be assumed to improve baseflows, groundwater recharge, and/or 

flood mitigation—though in some contexts such impacts have been measured.

• The magnitude and direction of hydrologic changes are highly context-specific.

• Even where changes may be predicted, these may not translate into socially meaningful 

benefits.

• In general, evidence for impacts from non-forest-related source water protection activities 

is relatively sparse.

• Soil characteristics matter.

FLOW CHANGES 14
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Land interventions and flow changes

15

Examples from literature

• A systematic literature review summarized 

308 cases from 167 published articles to 

explore effects of forest cover expansion 

on water yield (Filoso et al. 2017).

• ‘Forest restoration’ can vary significantly 

in resultant stand composition (species, 

density, age class, etc.).

• Overall, ~80% of studies demonstrated 

negative changes in water yield (i.e. lower 

water yield) (right Figure). Source: Filoso et al.  PLoS ONE 2017

FLOW CHANGES
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Land interventions and flow changes

FLOW CHANGES 16

Examples from literature

• A small number of studies reporting on baseflow (n=53), 

peak flood flows (n=43), groundwater levels (n=15), and soil 

infiltration capacity (n=18).

• Critical differences between sites when trying to generalize 

this finding: 

• Most study sites did not explicitly focus on forest restoration per 

se;

• Most study sites focused on non-native forest types;

• Even for native forest sites, likely fewer still considered species 

composition;

• Most studies documented changes of 10 years or less (relatively 

short for forest development);

• Most studies with direct measurements were short-term (<10 

years) for smaller catchments (<10 km2);

• Limited data from the humid tropics and subtropics

21%

73%

4% 2%

Baseflow changes

Positive

Negative

Mixed

No change

Water yield responses measured directly. 

Percent distribution of results in study cases 

that directly measured changes in baseflow 

(n = 53). Adapted from Filoso et al. 2017.
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Land interventions and flow changes

FLOW CHANGES 17

Examples from literature

• Additional insights from simulations: 
Streamflow response to 10% land-cover 
change (restoration to pre-development) in 32 
watershed site models is relatively small 
(Dennedy-Frank, 2018).

• On average, annual water yield reduced by 1-
3% under restoration; low flow reduced by 0-
6%, high flow by 0-10%.

• Identified 3 clusters of hydrologic responses: 
(1) low-flow intensifying, (2) high-flow 
intensifying, (3) high-flow enhancing.

• Soil characteristics (soil depth and saturated 
soil water content) and pre-restoration 
hydrologic behavior (slope of flow duration 
curves) appear to be key.

Source: Dennedy-Frank 2018

Median pre-restoration flow 
duration curves for each 
cluster

Ksat [mm/hr]

~10 ~50
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0m
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Land interventions and flow changes
Key gaps

• Literature is skewed towards forests; within forested lands, studies are biased towards 

forestry/plantations as opposed to reforestation with native species.

• For non-forest source water protection activities, there is a lack of studies on watershed-

scale flow changes.

• Lack of empirical evidence on the direct linkage between local/field-scale 

infiltration/runoff changes and larger-scale water quantity impacts.

• Lack of large-scale and long-term studies.

• There is limited understanding, as well as limited generalizability, of the impacts resulting 

from broader climate and land-use interactions relative to potential hydrologic 

services/benefits resulting from source water protection interventions. 

FLOW CHANGES 18
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Crop yields
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Agricultural practices and crop yield
To what extent can specific agricultural best management practices 
result in crop yield gains or cost reductions?

CROP YIELDS 20

Summary

Overall, there is limited agreement on direct benefits of agricultural BMPs in terms of crop 

yield gains to farmers across geographical regions and farming contexts. Variations are 

significant depending on site conditions and factors. There is no guarantee of direct benefits 

to farmers, and it takes time to realize benefits and/or avoid future losses, which may be 

difficult to appreciate. To improve farmer livelihood, and realize the full potential of Water 

Funds, there is a need to include additional practices targeting soil quality and farming 

system improvements.
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Agricultural practices and crop yield

CROP YIELDS 21

Highlights

• There is limited agreement on direct benefits to crop yield gains from agricultural BMPs.

• Yields generally decreased under soil and water conservation practices such as 

conservation agriculture but increased under rain-fed agrosystems in water-limited or 

water-stressed regions (e.g. Sub-Saharan Africa and South Asia).

• However, there is no guarantee of direct benefits to the farmer, and/or it takes time to 

realize benefits (or avoid future losses).

• Livelihood gains most often require additional practices targeting soil quality and farming 

system improvements.

• From a farmer’s perspective, long-term or avoidance benefits may be difficult appreciate, 

particularly where land is removed from production (e.g. terraces, buffer strips, etc.) and 

where economies of scale are limited (i.e. smallholder farmers).
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Agricultural practices and crop yield

CROP YIELDS 22

Examples from literature

• Global-scale meta-analysis spanning 48 crops and 63 countries 

compared no-till with conventional tillage practices (Pittelkow et 

al., 2015).

• Overall, no-till decreased crop yields by 5.7%; when applied with 

residue retention and crop rotation, yield decline was mitigated (-

2.5%).

• Conservation agriculture enhanced yields (+7.3%) under rainfed 

agriculture in dry climates.

• Crop yields declined in the first few years following adoption of 

conservation agriculture, which can be a major barrier that 

discourages farmers.

• Emphasizes the importance of implementing all three 

conservation agriculture principles and the need for strategies to 

overcome yield reductions in early years.

Comparison of rainfed crop yield in no-till versus 

conventional tillage as a function of climate. 

Residue retention (RR) and crop rotation (CR). 

From Pittelkow et al., 2015.
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Agricultural practices and crop yield
Key gaps

• Compared to conservation agriculture, fewer studies of yield outcomes were found for 

agroforestry, irrigation management, and nutrient management.

• A dearth of research in Africa, Southeast Asia, and Central and South America.

• Relative absence of long-term records.

• Sparse empirical evidence on smallholder farmers in the developing world.

• Limited studies on working farms (compared to research stations/experimental fields).

CROP YIELDS 23
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Anthropogenic change: 
climate and land use
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Climate and land use change impacts
What are the expected relative magnitudes of contributions to 
hydrological outcomes from climate change as compared to land 
use/land cover change?

CROP YIELDS 25

Summary

The direction and comparative impacts of climate change and land use/land cover patterns 

cannot be generalized across regions or sites from retrospective or forecasting studies. 

Depending on site-specific conditions, either climate or land use conditions can be a 

dominant driver. The aggregate results of these studies suggest that changing climate 

conditions have the potential to offset beneficial impacts that might result from water fund 

interventions. Accordingly, it is imperative to consider future climate conditions during the 

development of conservation plans for any source water protection project, including water 

funds.
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Climate and land use change impacts
Highlights

• Comparative results—climate versus land use—are context-dependent with no readily 

discernible trends.

• Studies are equivocal in their results, indicating predominance of both climate and land 

use depending upon the analytical context. Similarly, drivers can be either synergistic or 

antagonistic depending upon local conditions.

• Even within a given basin, both drivers can have variable importance depending upon the 

location and scale of interest.

• It is clear that considerations of both climate and land use are critical for assessing the 

potential for planning interventions that influence watershed outcomes. Projects that do 

not consider the implications of climate change effects could fail to realize project 

outcomes even where implementation targets have been achieved.

CLIMATE IMPACTS 26
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Climate and land use change impacts
Examples from literature

• US EPA (2103) modeled stream sensitivity to 

climate change and urban development for 

20 watersheds.

• The effect of land-use change depends on 

the relative extent of urban growth and its 

location within the watershed of interest.

• At basin scales, projected land-use change 

alone can alter stream impacts, but 

• In the Apalachicola River basin (left bar), 

land-use change alone can increase mean 

flow by 5%; but climate impacts could range 

from -20% to +20%.

CLIMATE IMPACTS 27

From EPA 2013. Simulated changes in mean annual 

flow due to urbanization (red) and climate change 

(blue). Basins are Apalachicola River at outlet (ACF), Sat 

River near Roosevelt (Ariz), Minnesota River at outlet 

(Minn), Susquehanna River at outlet (Susq), and 

Willamette River at outlet (Willa). 
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Climate and land use change impacts
Key gaps

• Comparing the relative impacts of climate and land use on water quality outcomes is a 

notable gap in the existing literature.

• Inconsistencies in modeling approaches and parameters make it difficult to generalize 

findings across multiple studies.

• Studies from North America and China dominate the literature. Latin America, North and 

Sub-Saharan Africa, Middle East, Southeast Asia, and Oceania, in particular, are 

underrepresented.

CLIMATE IMPACTS 28
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Summary
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Common themes

• For nearly all benefits and all practices, context matters greatly and 
(meaningful) positive outcomes cannot merely be assumed (trade-offs).

• Even where benefits may be expected, the magnitude of changes must be 
evaluated within the context of broader system changes (counterfactual).

• The relative contributions of all ecosystem threats must be considered 
concurrently.

• Details matter greatly: the specifics of how actions are implemented and 
how outcomes are monitored can greatly affect the observed and/or 
reported results.

• In situ, project-specific studies are vital for ensuring positive outcomes are 
achieved.

SUMMARY 30
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Conclusions

• Knowledge gaps are largely results of evidence gaps as opposed to a lack 

of information transfer to practitioners;

• Caution is required in communications regarding proposed impacts so as 

to avoid misrepresenting the likelihood of potential benefits from water 

funds;

• Call for data-driven conservation planning and robust project monitoring 

& evaluation and documentation to augment scientific evidence gaps

31SUMMARY
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Key questions

• Water quality (10)
• Effectiveness

• Groundwater

• Activities

• Time scale

• Spatial scale

• Context

• Water quantity (12)
• Water yield

• Context

• Biodiversity (5)
• Evidence

• Trade-offs

• Climate change mitigation (2)
• Forests

• Health and well-being (7)
• Health benefits

• Negative livelihood impacts

• Agricultural best management 
practices (4)
• Livelihood benefits

• Trade-offs

• Watershed scale (1)

• Modeling (10)
• Uncertainty / future change

• Validation

• Assumptions

• Best practice

33
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Rapid review

• Adopted and modified the systematic mapping process documented by Collaboration for 
Environmental Evidence (CEE) based on scope and timeframe

• Developed standardized search terms in English (with minor adjustments for each question)

• Queried online bibliographic databases and internet search engines (Web of Science, 
AGRICOLA, Google Scholar) for peer-reviewed studies

• Screened bibliographies of literature for relevant studies that were not included in initial search 
results 

• Developed standardized inclusion and exclusion criteria for questions reviewed

• Did not attempt to summarize all study findings given high context-dependencies

• Focused on systematic reviews and meta-analyses if possible

• Numbers of articles reviewed:
• Aquatic biodiversity: 310

• Land interventions and flow changes: 447

• Agricultural practices and crop yield: 173

• Impacts of anthropogenic change: climate and land use: 34

34
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Considerations

• Deficiencies of the ‘rapid assessment’ approach highlight challenges of 

variability: it is difficult to make generalizations meaningful for 

practitioners.

• Relatedly, these results have been aggregated to a global or multi-regional 

perspective. Conversely, practitioners operate at the watershed scale.

• Inherent biases in scientific publication: high profile journals tend to 

publish research showing novel results, or studies with “significant” 

changes that are usually positive rather than neutral or negative, which 

may not be informative for the field. The level of evidence is skewed 

toward a limited number of source water protection activities. 

SUMMARY 35
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Next Steps

• Prepare summaries for different target audience groups (senior 

management, practitioners, scientists, etc.)

• More extensive and systematic reviews for highest priority questions via 

partnerships (e.g. ongoing SNAPP project on flow impacts)

• Develop collaborative research agenda to strengthen the science and 

evidence base behind water funds

36SUMMARY


