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October 27, 2016 

 
        
MEMORANDUM FOR SERDP EXECUTIVE WORKING GROUP (EWG) MEMBERS 
 
SUBJECT:  Call for Fiscal Year 2018 SERDP New Start Proposals 
 
SERDP has issued two requests for proposals from Federal organizations for funding in Fiscal 
Year 2018.  The SERDP Core solicitation requests pre-proposals by January 5, 2017, and 
SERDP Exploratory Development (SEED) Solicitation requests proposals by March 7, 2017.  I 
would appreciate your disseminating this information as widely as possible throughout your 
organization. 
 
The Program Announcement, including instructions, is posted on the SERDP website at 
www.serdp-estcp.org/Funding-Opportunities/SERDP-Solicitations.  All Federal organizations 
responding to the SERDP Core solicitation must submit a pre-proposal directly to SERDP.  
There are no limits on the number of pre-proposals an organization can submit.  Pre-proposals 
must be submitted on-line via the SERDP and ESTCP Management System (SEMS) 
website at https://sems2.serdp-estcp.org.  Proposals are due prior to 2:00 p.m. Eastern Time on 
January 5, 2017.   

 
The SEED Program Announcement, including instructions, has also been posted on the SERDP 
website as noted above.  There is no limit to the number of SEED proposals an organization can 
submit.  SEED proposals are due prior to 2:00 p.m. Eastern Time on March 7, 2017, and must be 
submitted directly to SERDP via SEMS. 

 
If you have any questions or need additional information, please contact me or the appropriate 
SERDP Program Manager.   
 
        Sincerely, 

                                                                                   
         
         
        Herbert H. Nelson, Ph.D. 
        Acting Executive Director 
        Strategic Environmental Research 
        and Development Program 

 
cc:  SERDP Technical Committee Members 

3. Identify key indices of groundwater dynamics, 
plant trait responses and ecosystems functions

Groundwater 
Regime

• Depth to GW
• Flux and 

direction
• Seasonal 

variation

• QW quality

Plant Trait 
Responses

• Rooting depth

• Growth rate
• Morphologic 

adaptations
• Ecophysiology and 

stress tolerance
• Reproductive 

strategy

Ecosystem Responses
• Altered mortality and 

other demographic rates

• Species composition 
and diversity

• Productivity and 
biomass

• Habitat structure
• New disturbance 

regimes
• Fire freq. & severity

• Wind and ice damage
• Pest outbreaksGuidelines for GW 

management

2. Which organisms should we focus on?
Groundwater-dependent plant 

classifications
Ø Obligate phreatophytes

o Roots need constant contact with the 
water table and capillary fringe

o Poor drought tolerance
o Springs, wetland and many riparian 

communities

Ø Facultative, or proportional, users

o Use a combination of groundwater 
and vadose zone water

o Can switch water sources when 
groundwater is not available

o Physiological water-use adaptations

Prioritize plants with important 
roles in the riparian ecosystem

Ø Foundational species

o Structure the ecosystem; unique 
qualities

o Provide the greatest benefits (and 
potential losses) to GDEs

Ø Indicator species

o Particularly sensitive to GW change

o Early sentinels of ecosystem 
vulnerability (‘canaries in the coal 
mine’)

1. Threats to Groundwater-Dependent 
Ecosystems (GDEs)

In many water-limited regions, human water use in 
conjunction with increased climate variability 
threaten the sustainability of groundwater-
dependent plant communities and the ecosystems 
that depend on them (GDEs). 

Identifying vulnerable GDEs and determining their 
critical functional thresholds has proved challenging, 
but recent research in several disciplines shows 
great promise for defining water stress indicators 
(WSIs) across a range of spatial and temporal 
scales. Here, we describe a multidisciplinary 
approach for using WSIs to improve groundwater 
and ecosystem management.

Left: Groundwater change from 2011 – 2016 in California. 

Data source: California Department of Water Resources

4. Approaches for quantifying groundwater change 
and plant water stress indicators (WSIs)
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over the last decade, and faces escalating challenges for managing scarce groundwater resources for 
multiple uses (Fig. 2a; Famiglietti et al., 2011; Scanlon et al., 2012). This basin presents a tremendous 
research opportunity in that abundant data exist in the form of water table records from a network of 
wells, vegetation maps, and a recent, multi-year series of high-resolution airborne hyperspectral imagery 
acquired during the recent historic drought. Furthermore, groundwater resources in the Santa Clara Basin 
have been managed over the last several decades for human use, and key stakeholders in the basin 
recognize the need for research on critical thresholds for GDEs to support integrated basin water 
management that benefits its riparian forests (TNC, 2008). This project represents a novel integration of 
interdisciplinary methods designed to address an issue of urgency in the context of water, land 
management, and conservation. The proposed research will support statewide water policy and to a 
proliferation of new sustainable groundwater management initiatives that are relevant at local scales, and 
at regional scales around the globe in response to climate change and expanding human enterprise.  

BACKGROUND 
Santa Clara River Basin  
The Santa Clara epitomizes a multiple-use 
river basin facing declining GDEs due to the 
combined effects of drought and groundwater 
overdraft. The 4100 km2 Santa Clara River 
Basin in coastal California is subject to a 
Mediterranean climate, and it retains 
extensive and contiguous high quality aquatic 
and riparian habitat supporting threatened and 
endangered species (Beller et al, 2015). The 
basin has been home to a productive 
agricultural industry for more than 150 years, 
growing high-value products (strawberries, 
avocados, citrus, alfalfa) with high fresh water 
irrigation requirements. This industry is 
dependent on local access to a high quality 
unconfined aquifer system consisting of 
Pleistocene and Holocene age sands and 
gravels ~50-400 m thick (Burton et al., 2011). 
High rates of groundwater pumping over 
several decades caused aquifer water levels 
to drop below sea level, resulting in seawater 
intrusion and groundwater contamination. 
This led to the development of a local 
management organization (decades before 
SGMA legislation), the United Water 
Conservation District (UWCD), which 
oversees the collection and storage of high 
quality data from the many wells in the district. 
These data have revealed that typical climate 
in the Santa Clara basin is not sufficient to 
replenish the ~0.25 km3 of water pumped from 
wells each year, so UWCD conducts localized 
recharge to maintain the aquifer near major 
pumping sites (Walker Assoc. et al., 2015).   
More critically, UWCD data and those from 
the California Department of Water Resources (DWR-CASGEM, 2016) have exposed that the current 
drought over the last several years coupled with high groundwater pumping rates, has had deleterious 
consequences for regional water tables across the Santa Clara basin (UWCD, 2016). Water tables have 
dropped by many meters in most locations (Fig. 2b) and many wells have gone completely dry. What is 
currently unknown is the impact of regionally lowered water tables on groundwater-dependent riparian 

 

 
Fig. 2. Santa Clara River corridor showing (a) native riparian 
woodlands (green polygons) and several proposed field sites 
(red symbols); and (b) recent groundwater decline at wells 
distributed throughout the lower basin (DWR-GICIMA Program 
data). Inset example shows the rapid rate of water decline at 
within the riparian zone.  

(a) 

(b) 

Landscape modeling of potential GDEs
Ø Combines disparate data layers
Ø Hydrology/hydrography 
Ø Vegetation maps and cover classes
Ø Topographic indices
Ø Can model over large spatial scales, but 

often coarse resolution and uncalibrated

None = 0

Very Low = 1–3

Low = 4–5

Medium = 6–7

High = 8–12

Results

We identified and mapped the types and locations of the three
groundwater variables (springs, groundwater dependent wetlands,
and baseflow index) and scaled the results to 4,621 HUC12 units
in the state. As stated earlier, to make biogeographic comparisons,

Figure 5. Map of density of groundwater dependent wetlands and vegetation alliances in California. Map represents of density of
groundwater dependent wetlands and vegetation alliances per HUC12 unit. HUCs were ranked as quartiles as follows: 1 = (.0475–1.97 ha/1,000ha);
2 = (1.99–7.842 ha/1,000ha); 3 = (7.844–24.808/1,000ha); 4 = 24.81–81. 080 ha/1,000 ha.
doi:10.1371/journal.pone.0011249.g005

CA’s Groundwater Dependence
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Potential GW dependent 
wetlands in California

Howard and Merrifield, 2010

Howard and Merrifield, 

2010. PLoS ONE, 
doi:10.1371/journal.

pone.0011249 

Remote sensing change detection
Ø Applied over large spatiotemporal scales
Ø Requires good correlation with groundwater change and veg response
Ø Common indices from long-term satellite data (e.g. NDVI and NDWI)
Ø Novel spectral mixing models from hyperspectral data (e.g., AVIRIS)
Ø Non-Photosynthetic Vegetation (NPV, proxy for dead plants)
Ø Greenness Vegetation Index (GV, proxy for photosynthetic activity)

Groundwater well records
Ø Direct measure of GW dynamics
Ø Simple, inexpensive measures
Ø But doesn’t assess ecosystem 

response to groundwater change
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As trees within a forest stand lose access to water they go through a series of adjustments, summarized 
as ‘die back’, that include reducing their photosynthetic activity by closing stomata, and dropping leaves 
and/or branches (Tyree et al., 1994; Rood et al., 2000). In highly stressful conditions, they can experience 
complete xylem cavitation (Nemani and Running, 1989; Roberts et al., 2006; Negrón-Juárez et al., 2011). 
These changes affect how these forests appear in remotely sensed imagery (Dunford et al., 2009). For 
example, Roberts et al. (2006) demonstrated a shift in the ratio of live to senescent vegetation with 
increasing drought in S. California chaparral. Coates et al. (2015) found species-specific changes in canopy 
dieback in S. California vegetation during the recent drought, based on differences in rooting depth. Crown 
mortality due to forest degradation has been detected in Landsat data as an increase in area of exposed 
branches, quantified as NPV (Souza Jr et al., 2005; Negrón-Juárez et al., 2011) (Fig. 5).   
In addition to mixing models, a suite of standard vegetation indices reflect greenness, leaf area, and 
canopy moisture content, including Normalized Difference Vegetation Index-NDVI (Rouse et al., 1973), 
Enhanced Vegetation Index-EVI (Huete et al., 2002), and Normalized Difference Water Index-NDWI (Gao, 
1996), can be calculated to assess canopy water status and health. At Vandenberg Airforce Base, for 
example, standard mixture models for GV, NPV and soils were analyzed for late spring images for 2013 
(early part of recent drought) and 2016 (late part of recent drought) (Fig. 6). In mixture models, riparian 
areas are obvious as thin strips of high GV fraction (Fig. 6B & 6E). Differencing these models between 2016 
and 2013 demonstrates significant decreases in GV and increased NPV (shown as red) largely restricted 
to riparian areas (Fig. 6C & 6F), demonstrating significant declines in forest health as the drought 
progressed. Similar analysis was completed at Fort Huachuca for seasonal Landsat data (Fig. App3). These 
illustrate how spectral imagery acquired over a time series can be combined and analyzed to quantify 
drought response in riparian trees, to monitor interannual variability in this response, and to facilitate 
scaling from individual trees and stands to entire river basins (Roth et al., 2012; Roberts et al., 2015). Such 
metrics of forest health can also be straightforwardly compared against forest stand inventories that 

Vegetation mortality in S. 

California, 2013 – 2016. 

D. Roberts et al., 

unpublished data, 2017

Negrón-Juárez et al., 2011.
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analysis and water retention (i.e., θ), and analyze them to obtain model parameters that control water 
drainage/retention (van Genuchten, 1980). Of the live trees in each stand, we will select 6–9 of the largest 
individuals of each of 2–3 focal species focal species for coring or sectioning, dendrochronology, and as 
candidates for isotopic analysis (Task 2). For live trees, increment cores will be extracted at breast height 
(1.4 m) using 5-mm or 10-mm increment borers, with two cores collected per tree to provide one for 
growth analyses and one for isotopic analysis (destructive). We will prioritize mature, canopy-dominant 
trees (>30 years), to remove any potential ecological impacts to tree growth or water sources that would 
affect specific age cohorts. For recently-dead individuals, which provide information on thresholds for 
tree health, we will cut trunk cross sections at breast height for analysis. Task 1 addresses our Research 
Objective A and RCSON-18-C2 Objectives 1 and 2. It will help us to understand current forest conditions 
and vulnerability and how variation in species composition, tree growth, and stand condition vary along 
water availability gradients (Fig. 2A). It will also provide a baseline of forest health.   
Task 2: Tree growth and tree-ring isotope ecohydrology. 
To assess growth, water use, and physiological response to water stress by riparian trees over recent 
decades, we will develop dendrochronology and dendro-isotopic (oxygen and carbon) series (Fig. 2B) for 
the chief riparian forest species within selected forest stands at each of the three installations. Ring widths 
from duplicate cores for a representative sample of mature trees of each species will be measured under 
a microscope to create normalized ring width (NRW) growth series, verified through cross-dating 
(Grissino-Mayer, 2002), with age-related trends removed (Cook and Peters, 1981). We will then construct 
site-averaged NRW series for each species to investigate annual growth response to fluctuations in 
precipitation, discharge, temperature, and HWT data (where available), and to assess decadal trends in 
climate/growth. We will compare growth-climate signals between species and by location based on site 
characteristics (Task 1) assumed to affect local water availability (Stella et al., 2013b; Singer et al., 2014).   
Climate is the primary driver of tree water availability, inducing variability in the normalized oxygen 
isotope ratio of 18O/16O (δ18O) of 
subsurface water. The isotopic 
composition of available vadose zone 
water in the growing season varies 
with the fluctuating signature of 
warm-season rainfall events, which 
are isotopically heavy relative to 
phreatic groundwater. Vadose zone 
water becomes isotopically heavier in 
upper soil horizons due to 
evapotranspiration (Hsieh et al., 1998; 
Gazis and Feng, 2004) (Fig. App1). In 
contrast, groundwater comprises a 
relatively consistent, basin-integrated 
isotopic source because it is derived 
from recharge during intense 
precipitation events, upland snowmelt 
(Gat, 1996), and/or mixing with 
streamflow (Dawson and Ehleringer, 
1991). Therefore, trees with shallower 
roots are likely to access water 
relatively enriched in δ18O than those 
with deeper roots. The uptake of water 
over the growing season is reflected by 
the oxygen isotopic ratio preserved in 
cellulose of annual tree rings (δ18Ocell). 
The δ18Ocell records an integrated 
isotopic signal of three components: 
(a) the signature of a tree’s source water (δ18Osw); (b) leaf-water enrichment due to transpiration; and (c) 

Ecophysiological responses using 
tree rings and stable isotopes
Ø Multi-decadal records of tree-ring growth 

response to water supply
Ø 18O ratios to assess water sources
Ø 13C ratios to assess water use efficiency 

and plant physiological stress
Ø These measures have high resolution but 

are costly and time-intensive

Ø Identify 
seasonal, 
annual and 
decadal 
signals

Ø Compare 
individual 
plants to 
forest stands 
to landscapes

Ø Evaluate 
interactions 
between 
water stress 
indicators

5. Compare multiple WSIs: early warning signs 
(‘canaries’), thresholds, and lagged responses
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record species composition, individual tree variables, and crown condition (Task 1; (Stella et al., 2012)).  
 
In this project, we will quantify seasonal and interannual changes in vegetation cover and canopy water 
content in response to drought, including broad structural differences between key riparian species on 
each DoD installation. This will be accomplished using a combination of spectral vegetation indices (e.g., 
NDVI, NDWI, and Spectral Mixture Analysis), in which tree response to drought will be quantified through 
changes in fractional cover, notably an increase in NPV due to crown mortality, decrease in GV due to leaf 
shedding, and changes in shade fraction. Finally, we will take advantage of extended time series from 
Landsat data to explore additional spectral measures of stress that may provide early detection. We 
anticipate that trees showing trends in NDWI, GV, and/or NPV would also show other physical indicators 
of stress apparent in forest inventory surveys, tree ring width, and dendro-isotopes (Elmore et al., 2003; 
Uyeda et al., 2017). Where sufficient recent high resolution satellite or airborne data are available (e.g., 
WorldView, RapidEye, Quickbird, airborne multispectral), we will use these data to generate a more 
refined picture of forest water stress responses by well validated approaches developed by UCSB that 
identify species-specific responses (Coates et al., 2015; Roberts et al., 2015). We will use existing 
vegetation maps and field surveys (Task 1) for model calibration of the species-specific maps derived from 
remotely sensed imagery. This species-specific riparian mapping approach, and the spectral signatures 
derived, will have the potential to be applied to other basins in California and throughout the Southwest 
USA, where these species (or similar ones within the same genera) are widely distributed. We hypothesize 
that Task 4 will reveal trends and threshold responses of forest trees and stands to water limitation. 
Task 4 addresses Research Objectives A, B, and C, and RCSON-18-C2 Objectives 1, 2, and 3. 
 
Task 5: Data integration and development of water stress indicators (WSIs).  
In order to generalize the research conducted in this project, we will develop WSIs from forest stand 
inventories (Task 1), tree-ring isotopes (Task 2), and remote sensing (Task 4), to reveal important trends, 
lags, and thresholds in forest response to changes 
in water variability (Task 3). These WSIs would 
provide a pathway toward development of an 
early-warning system for forest ecosystem 
collapse. Thus, they would allow for a 
management response window in which 
intervention could be carried out in specific 
areas, for specific species, or through changes in 
water management to avoid wholesale forest 
decline (Fig. 7). We will consider changes in water 
availability over the recent past (from data and 
modeling, Task 3), as a driver with which to 
evaluate responses of the WSIs. For example (Fig. 
7), we could show that as subsurface water 
availability declines, tree growth may respond 
rapidly, followed by changes in water source 
(δ18O) and WUE (δ13C). The water stress would 
then begin to show up in canopy water status 
(NDWI) and subsequently in green vegetation 
(GV), before massive die-back (NPV).  
 
To quantify trends and thresholds in WSI time series, we will perform regime shift detection (Rodionov, 
2004) and/or conduct time series change detection (Pettitt, 1979) on each of the response WSIs to 
determine whether there are rapid and/or sustained shifts over the period of record. We will then 
compare the relative timing of regime shifts, where they are identified in multiple indicators (Stella et al., 
2013b). Thus, we can identify which processes may occur earliest or most profoundly at lower levels of 
water limitation, so as to develop early indicators of ecosystem vulnerability (“canaries in the coal mine”) 
that can be used as guidelines for proactive management (e.g., avoiding critical thresholds). Ultimately, 
we will provide general guidelines for monitoring the particular set of WSIs that we find to be the most 
effective early warning of riparian forest drought stress at DoD installations. Moreover, we will also 

6. Acknowledging tradeoffs between data 
resolution and efficiency of data acquisition
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Plant ecophysiological indicators:
• Gas exchange & water potential
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Landscape modeling and 
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• Topographic indices
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remote sensing methods:
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• Spectral mixing models

Field & mesocosm studies
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High resolution; strong causal 
mechanisms, but limited application
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7. Conclusions and steps forward
Emerging methodologies and increased data resolution are improving our ability to 
focus on individual plant species, including foundational and/or sensitive taxa that 
serve as early warning indicators of ecosystem impairment. Combining and cross-
calibrating these approaches will provide insight into the full range of GDE response 
to environmental change, including increased climate variability and drought, human 
groundwater extraction, and flow regulation. In collaboration with project partners, 
we are analyzing GDE responses to water stress in semi-arid regions of the U.S. 
Southwest and southern Europe. 

Project Partners and Funding Sources
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• U.S. Strategic Environmental Research and Development Program (SERDP)

 
  

SERDP Office 
4800 Mark Center Drive, Suite 17D08  

Alexandria, Virginia 22350-3605 
Telephone: 571-372-6565 

 

 
 

  
October 27, 2016 

 
        
MEMORANDUM FOR SERDP EXECUTIVE WORKING GROUP (EWG) MEMBERS 
 
SUBJECT:  Call for Fiscal Year 2018 SERDP New Start Proposals 
 
SERDP has issued two requests for proposals from Federal organizations for funding in Fiscal 
Year 2018.  The SERDP Core solicitation requests pre-proposals by January 5, 2017, and 
SERDP Exploratory Development (SEED) Solicitation requests proposals by March 7, 2017.  I 
would appreciate your disseminating this information as widely as possible throughout your 
organization. 
 
The Program Announcement, including instructions, is posted on the SERDP website at 
www.serdp-estcp.org/Funding-Opportunities/SERDP-Solicitations.  All Federal organizations 
responding to the SERDP Core solicitation must submit a pre-proposal directly to SERDP.  
There are no limits on the number of pre-proposals an organization can submit.  Pre-proposals 
must be submitted on-line via the SERDP and ESTCP Management System (SEMS) 
website at https://sems2.serdp-estcp.org.  Proposals are due prior to 2:00 p.m. Eastern Time on 
January 5, 2017.   

 
The SEED Program Announcement, including instructions, has also been posted on the SERDP 
website as noted above.  There is no limit to the number of SEED proposals an organization can 
submit.  SEED proposals are due prior to 2:00 p.m. Eastern Time on March 7, 2017, and must be 
submitted directly to SERDP via SEMS. 

 
If you have any questions or need additional information, please contact me or the appropriate 
SERDP Program Manager.   
 
        Sincerely, 

                                                                                   
         
         
        Herbert H. Nelson, Ph.D. 
        Acting Executive Director 
        Strategic Environmental Research 
        and Development Program 

 
cc:  SERDP Technical Committee Members 


