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Research Achievements in Year 2 

The fundamental targets of our investigation lie in the way that climate change will affect the suite of 
chemical, biological, physical, and socioeconomic processes that shape California’s water system. A warming 
climate increases the chance of co-occurring warm temperatures and lack of precipitation, causes some of the 
precipitation in the headwaters to fall as rain instead of snow, melts snow earlier in the spring, and increases rates 
of evapotranspiration in the lowlands, foothills, and mountains. A growing population’s needs combine with 
evapotranspiration to exacerbate water requirements during summer. 

The structure of California’s water system shapes the way we address current and future management, 
adaptation to climate change, and increasing demand from a growing population. Most human use of water in 
California supports agriculture in the Central Valley. The precipitation that supports this use occurs in the Sierra 
Nevada, mostly as snow that accumulates during the winter and melts in the spring and summer. On top of any 
trends in the climate, California’s water supply experiences huge interannual variability. In contrast, the demand 
for water varies much less. Reservoirs in the Sierra Nevada foothills hold in total only about the average annual 
snowmelt runoff. California’s passage of the Sustainable Groundwater Management Act provides the opportunity 
and the challenge to utilize the enormous void in the State’s groundwater storage, which resulted from a century-
long withdrawal of groundwater in excess of recharge, as a reservoir to buffer against future water shortages. 
Managing this potential resource involves a variety of organizational and individual decisions, which are based on 
the magnitude and timing of runoff from the headwaters, the use of that water to meet agricultural and urban 
demands, the mechanisms and locations for recharge of groundwater, the water rights of landowners and the 
legal constraints on water districts, and the socioeconomic settings in which decisions are made. 

The second year of our investigation has seen the following achievements: 
x Quantification of groundwater and surface water reserves post-wildfire in the Cosumnes river watershed. 
x Dynamic links between spatiotemporal trends in evapotranspiration, infiltration, and snow water 

equivalent accumulation and ablation in the Cosumnes river watershed. 
x Preparation of two sites in the Cosumnes river watershed for one of the first research experiments in the 

California Department of Water Resources Flood Managed Aquifer recharge (Flood-MAR) program. 
x Isotopic and geochemical characterization of springs and groundwater in the Shasta River watershed. 
x Samples collected and analyzed to calculate groundwater sources, flow paths, and ages.    
x Isotopic sampling campaigns in the upper portion of the Cosumnes watershed to study source elevation 

of river water, which will be the source of the on-farm recharge experiment conducted in the winter of 
2020.  

x Isotopic characterization of groundwater recharge mechanisms and flow directions at the on-farm 
recharge experiment conducted in the winter of 2020. 

x Groundwater in Central Valley has been declining at a rate of around 3 km3/year during historical period 
(1950-2009) and this will increase in the future by 31%-39% due to climate change. 

x Managed Aquifer Recharge can mitigate most of the groundwater overdraft in Sacramento region, but 
fails to mitigate the groundwater overdraft in San Joaquin and Tulare. 

x Digitized and precisely located about ~1,700 well logs for use in a hydrogeologic model of Shasta Valley. 
x Installed 13 stations for a continuous monitoring network and telemetered existing wells in the Shasta 

Valley watershed (represents about half of that planned) to better understand the temporal nature of the 
hydrologic system of the valley. 
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x Discovered a significant association between forecast uncertainty and water releases in the Sierra Nevada 
headwaters. 

x Through interviews with water districts, county resources managers, and environmental non-profits, 
found consistent themes such as building efficiency and capacity, the challenge of defining boundaries, 
implications of drought policy, water supply reliability, and collaboration and conflict.  

x Dry season Normalized Difference Water Index (NDWI) is highly correlated with the magnitude of snow 
and the importance of snow in explaining the variance in NDWI increases from energy-limited northern 
Sierra to water-limited southern Sierra. 

x Solid precipitation is the dominant factor in describing the extent and spatial variation of tree mortality 
and can be used as a predictive tool for tree mortality. 

x Faster and more accurate solutions have been developed to retrieve fractional snow cover and snow 
albedo from multispectral satellites. 

Groundwater modeling and data in the Cosumnes River Watershed 
The integrated hydrologic model developed and validated in year one (ParFlow-CLM) was implemented in the 

Cosumnes River watershed, a representative California watershed, in order to assess the impacts of droughts, 
atmospheric rivers, and wildfires on water resources under climate change. Specifically, we assessed the 
hydrodynamic behavior in a simulation spanning a recent drought followed by the highest precipitation year on 
record (water years 2015-2017). From these simulations we identified regions susceptible to climate extremes 
and the associated effects and discovered non-linear relationships between the watershed dynamics and the 
system’s geology, land cover, and topography. Modeling with and without historic wildfire burn scars allowed for 
the quantification of groundwater and surface water reserves post-wildfire. Dynamic links between 
spatiotemporal trends in evapotranspiration, infiltration, and snow water equivalent accumulation and ablation 
were also quantified.  

We employed downscaled global climate models simulating end-of-century carbon emission scenarios to 
simulate future drought and wet year hydrodynamics. By forcing our hydrologic model with meteorological data 
at the spatial scale of global models (tens of kms) down to the spatial resolution of the hydrologic model (500 m) 
we were able to study how the spatial resolution of forcing impacts the resulting above and below-ground 
hydrology, and also characterize distinct patterns of atmospheric dynamics. In another study, we used global 
sensitivity analysis and machine learning to analyze how our incomplete knowledge of the subsurface and its 
physical properties affect key processes (evapotranspiration and its components) regulating water and energy 
near the surface. 

Isotope samples and remotely-sensed estimates of water and energy fluxes are being used to constrain our 
understanding of hydrologic processes in the Cosumnes and better understand how precipitation in the Sierra 
uplands and water resources in the Central Valley are linked. We used isotopes to estimate transit time of water 
through the subsurface and estimate precipitation elevation. To map the spatial pattern of water and energy 
fluxes, we have obtained remote sensing estimates of land surface temperature, evapotranspiration, and soil 
moisture and are comparing with ParFlow-CLM model outputs. Initial results suggest that ParFlow-CLM does not 
retain water sufficiently long to support late-summer evapotranspiration in the Sierra highlands. 

In addition to the watershed analysis, we have a specific study site comprised of two vineyard areas adjacent 
to the Cosumnes River. This year water quality data, stable isotope analyses, and groundwater level monitoring at 
each of the properties was completed to better understand the surface and subsurface hydrologic features of the 
sites. A Soil Moisture Sensor network was installed to determine the wetting front and rates of infiltration during 
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precipitation and flooding events. Both properties are ready for a managed flooding experiment. The flooding will 
commence this winter pending permitting and river stage thresholds being met. Data collected before, during, 
and after the flooding should provide an excellent opportunity to study groundwater-surface water interactions. 
This effort has included collaborations with LLNL, LBNL, CSU-Sacramento, UC Santa Cruz, other UC Davis 
collaborators, Cosumnes Coalition, and the Omochumne-Hartnell Water District.  

Flow, age, and transport of in the Shasta River Watershed 
Geochemistry and isotope samples were collected from wells, springs and groundwater in collaboration with 

local water authorities. Samples will be analyzed to constrain upper-level groundwater age, sources and flow 
paths. These estimates are critical for implementing more sustainable groundwater management practices. 
Geochemical sampling of isotopes supplements spatially limited groundwater age estimates from a few of the 
numerous springs and water supply wells in the valley. Time-sensitive samples have been analyzed immediately 
while the majority of samples will be analyzed in 2020. 

Groundwater flow near the Cosumnes on-farm recharge experiment 
Isotope samples were collected from nested sampling points in the watershed to study the source elevation 

of Cosumnes River water. Identifying the isotopic end-member is essential to trace the water applied in an on-
farm recharge experiment through the groundwater system. Preliminary data reveal clear trends with elevation 
and evidence of in-stream evaporation in late-summer samples. 

Groundwater samples were collected and analyzed from new monitoring wells and existing irrigation wells at 
Cosumnes vineyard flood experiments location. The resulting isotopic data was integrated with regional 
Waterboards GAMA project data to understand the local hydrological conditions within the framework of the 
regional groundwater flow system. 

Climate scenarios and groundwater in the Central Valley 
We quantify both the historical change in groundwater storage and the possible future changes in storage 

under climate change. Our goal is to identify potential measures to mitigate groundwater overdraft in the Central 
Valley of California. This year we calculated that groundwater in the Central Valley has been declining at a rate of 
around 3 km3/year during the historical period from 1950 to 2009, and climate change will increase this decline in 
the future by 31% to 39%. We also ran numerical experiments to identify the potential impact of Managed 
Aquifer Recharge (MAR) on the future rate of groundwater depletion in the Central Valley. We find that MAR can 
mitigate most of the groundwater overdraft in Sacramento region but cannot mitigate the groundwater overdraft 
in San Joaquin and Tulare. Transferring excess winter flow from Sacramento may help mitigate the groundwater 
overdraft in the San Joaquin and Tulare groundwater basins. 

Shasta River Valley Project 
We have digitized and precisely located approximately 1,700 well logs to drive and validate a hydrogeologic 

model of Shasta Valley. We also created a 3-D hydrogeologic model of the valley to better reflect the complex 
geologic framework that comprises the watershed. The groundwater model will be used for testing water 
management scenarios and understanding groundwater flow under variable climatic forcings. Geochemical 
sampling of isotopes has provided groundwater age estimates from some of the springs and water supply wells in 
the valley. Thirteen stations of a continuous monitoring network and telemetry of existing wells in the Shasta 
Valley watershed were installed to better understand the temporal nature of the hydrologic system of the valley. 
The 13 stations comprise about half of the planned size of the network. 
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Accumulation and melt of Sierra Nevada snow 
Assessment of the Sierra Nevada snowpack requires remotely sensed data to account for the spatial 

heterogeneity not captured by the surface sensor networks. With current technologies, the most accurate way to 
estimate the spatial distributed snow water equivalent is through reconstruction as the snow disappears by 
accounting for the energy used in melt. We’ve spent considerable effort refining a new spectral unmixing 
approach that estimates snow cover, grain size, albedo, and the effect of light-absorbing particles. Benefits over 
prior approaches include faster, more accurate, and less noisy solutions, and discrimination in complex terrain. 
The code is written for general application to any multispectral or hyperspectral sensor that covers the 
appropriate wavelength ranges. It is freely accessible. Recently, we were able to reduce computing time by a 
factor of 20 by grouping pixels with similar spectra so that fewer unique pixels need to be processed. These new 
snow cover estimates we will refine our snow water equivalent estimates via the reconstruction method, and be 
used by several collaborators for their headwater runoff estimates. 

We clearly showed, with radiative transfer inversion modeling, that snow and cloud spectra can look the same 
for some multispectral sensors and that operational cloud masks over snow covered areas perform worse than 
they do globally. To overcome this issue, we developed new methods for textural based snow cloud 
discrimination for use with any satellite that has at least one optical band. Improved cloud masks will improve the 
reconstruction estimates of snow water equivalent in our study basins.  

Additional research focused on understanding the nature of snow accumulation and its relationship between 
climate and physiographic drivers across the Sierra Nevada. Currently near melting temperatures, lower areas 
accumulate snow in abrupt episodes and undergo frequent midwinter snowmelt. High elevation areas accumulate 
snow slowly and efficiently without much midwinter loss. These behavioral differences across elevations imply 
that a warming-induced upward movement of the melting elevation will impart a shift in the snow regime toward 
more intense snow accumulation episodes and greater midwinter snowmelt. 

Association between forecast uncertainty and headwater management 
We discovered a significant association between forecast uncertainty and water releases in headwaters of 

California. In years when forecast uncertainty is larger, less water is released from headwater basins. This 
research is a direct measure of the potential impact improved operational runoff forecasts could have on the 
water supply system in California.  

Forest structure and climate-streamflow relationships 
In the Sagehen Creek Experimental Watershed, a mid-elevation, mid-latitude site with available co-located, 

long term high-resolution meteorological and hydrological data, the RHESSyS model helps understand the spatial 
and temporal patterns of summer vegetative water use, highlighting the difference in timing of drought stress 
between upland and riparian vegetation. RHESSyS output is also being compared with remotely-sensed snow 
depth data from the Airborne Snow Observatory. 

Evaluation of water management plans and policies 
To evaluate water management plans and policies in the Kings, American, Cosumnes, and Shasta River 

watersheds, we finished assembling a database of water management plans for each watershed. This includes 
Urban Water Management Plans, Agricultural Water Management Plans, County general plans, and a variety of 
resource plans from federal agencies. We are undertaking a comparative analysis to understand variance in plan 
effectiveness, cost-efficiency, equity, and potential resilience to environmental change both by watershed and by 
plan type. We also conducted interviews with water districts, county resources managers, and environmental 
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non-profits in the four watersheds. Through analysis of the interviews, themes such as building efficiency and 
capacity, the challenge of defining boundaries, implications of drought policy, water supply reliability, and 
collaboration and conflict have been found.  

Forest interactions with snow and fire  
We use a combination of remote sensing indices and reanalysis climate variables to evaluate the influence 

of snowpack dynamics on tree mortality in the Sierra Nevada from 2001 to 2016. Preliminary results show that a 
dry-season Normalized Difference Water Index (NDWI) is highly correlated with the magnitude of snow and the 
importance of snow in explaining how the variance in NDWI increases from energy-limited northern Sierra Nevada 
to water-limited southern Sierra Nevada. Thus, snowpack plays a larger role in regulating the NDWI under water-
limited condition than those in energy-limited condition. Further analysis shows that solid precipitation is the 
dominant factor in describing the extent and spatial variation of tree mortality and can be used as a predictive 
tool.  

We are also assessing the effectiveness of forest restoration activities in the French Meadows watershed 
of the American River to reduce severity of wildfire impacts on erosion, which can dramatically impact water 
operation by the Placer County Water Agency (PCWA). We are modeling a range of forest restoration efforts and 
the resulting post-fire scenarios. PWCA is a collaborator on the project and is assisting with data acquisition for 
model implementation. 

Multicampus collaborative components and activities 

The teams at UC Davis, LBNL, and LLNL have collaborated extensively on the groundwater modeling and 
monitoring in the Shasta and Cosumnes River Basins. Presentations at the AGU meeting included authors from the 
multiple institutions, and one session was co-convened by Dr. Siirila-Woodburn from LBNL and Dr. Foglia from UC 
Davis. From UCSB, PI Prof. Dozier and Dr. Bair met with groups individually from all campuses and labs, to better 
foster communication and data exchange among the various groups. We held an all-hands meeting in the fall at 
UC Davis, to which we invited all the investigators, postdocs, and students along with various stakeholders in the 
watersheds we are studying and throughout California. 

Publications 

Papers submitted for publication 
Alam, S., Gebremichael, M., Li, R., Dozier, J., & Lettenmaier, D.P. Can managed aquifer recharge mitigate the 

groundwater overdraft in Central Valley, California? Submitted to Water Resources Research. 
Brandt, W. T., Bormann, K. J., Cannon, F., Deems, J. S., Painter, T. H., & Dozier, J. Quantifying the spatial variability 

of a snow storm using differential airborne lidar. Submitted to Water Resources Research. 
Maina, F. Z, & Siirila-Woodburn E., The role of subsurface flow on evapotranspiration: A global sensitivity analysis. 

Submitted to Water Resources Research. 
Maina, F. Z., Siirila-Woodburn, E. R., & Vahmani, P. (2019). On the sensitivity of meteorological forcing resolution 

on hydrologic metrics. Hydrology and Earth System Sciences Discussion, 2019, 1-53. 
https://doi.org/10.5194/hess-2019-509 (under review as a discussion paper) 

Thaw, M., Visser, A., & Conklin, M. 2020, Altitude effect, seasonality and sub-canopy fractionation in Sierra 
Nevada precipitation and snowmelt stable isotope signatures. Submitted to Water. 

Ulibarri, N & Escobedo Garcia, N. Comparing complexity in watershed governance: the case of California. 
Submitted to Water. 
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Papers published 
Alam, S., Gebremichael, M., & Li, R. (2019). Remote sensing-based assessment of the crop, energy and water 

nexus in the Central Valley, California. Remote Sensing, 11, 1701. https://doi.org/10.3390/rs11141701  
Alam, S., Gebremichael, M., Li, R., Dozier, J., & Lettenmaier, D. P. (2019). Climate change impacts on groundwater 

storage in the Central Valley, California. Climatic Change. https://doi.org/10.1007/s10584-019-02585-5  
Bair, E. H., Rittger, K., Ahmad, J. A., & Chabot, D. (2019). Validation of modeled snow properties in Afghanistan, 

Pakistan, and Tajikistan. The Cryosphere, in press. https://doi.org/10.5194/tc-2019-150  
Bair, E. H., Rittger, K., Skiles, S. M., & Dozier, J. (2019). An examination of snow albedo estimates from MODIS and 

their impact on snow water equivalent reconstruction. Water Resources Research, 55, 7826-7842. 
https://doi.org/10.1029/2019WR02481  

de Jong, M., Moran, J. E., & Visser, A. (2019). Identifying paleowater in California drinking water wells. Quaternary 
International. https://doi.org/10.1016/j.quaint.2019.04.008  

Maina, F. Z., & Siirila-Woodburn, E. R. (2020). Watersheds dynamics following wildfires: Nonlinear feedbacks and 
implications on hydrologic responses. Hydrological Processes, 34, 33-50. https://doi.org/10.1002/hyp.13568  

Maina, F. Z., Siirila-Woodburn, E. R., Newcomer, M., Xu, Z., & Steefel, C. (2020). Determining the impact of a 
severe dry to wet transition on watershed hydrodynamics in California, USA with an integrated hydrologic 
model. Journal of Hydrology, 580, 124358. https://doi.org/10.1016/j.jhydrol.2019.124358  

Rittger, K., Raleigh, M. S., Dozier, J., Hill, A. F., Lutz, J. A., & Painter, T. H. (2019). Canopy adjustment and improved 
cloud detection for remotely sensed snow cover mapping. Water Resources Research, 55. 
https://doi.org/10.1029/2019WR024914  

Stillinger, T., Roberts, D. A., Collar, N. M., & Dozier, J. (2019). Cloud masking for Landsat 8 and MODIS Terra over 
snow-covered terrain: Error analysis and spectral similarity between snow and cloud. Water Resources 
Research, 55, 6169-6184. https://doi.org/10.1029/2019WR024932  

Visser, A., Thaw, M., Deinhart, A., Bibby, R., Safeeq, M., Conklin, M., Esser, B., & Van der Velde, Y. (2019). 
Cosmogenic isotopes unravel the hydrochronology and water storage dynamics of the Southern Sierra Critical 
Zone. Water Resources Research, 55, 1429-1450. https://doi.org/10.1029/2018WR023665  

Wrzesien, M. L., Pavelsky, T. M., Durand, M. T., Dozier, J., & Lundquist, J. D. (2019). Characterizing biases in 
mountain snow accumulation from global datasets. Water Resources Research, 55, 9873-9891. 
https://doi.org/10.1029/2019WR025350  

Conference presentations by Headwaters to groundwater investigators, postdocs, and students 

Presentations at the American Geophysical Union Fall Meeting, San Francisco, 9-13 December 
2019 

Bair, E. H., et al. (2019). Validation of modeled snow properties in Afghanistan, Pakistan, and Tajikistan. American 
Geophysical Union, Fall Meeting. San Francisco, CA: C51B-1283. 

Casirati, S., et al. (2019). Influence of snow accumulation and ephemerality on recent tree mortality in the Sierra 
Nevada. American Geophysical Union, Fall Meeting. San Francisco, CA: H11P-1746. 

Deinhart, A., et al. (2019). New techniques for cosmogenic radioactive age tracers: Sodium-22 and Sulfur-35. 
American Geophysical Union, Fall Meeting. San Francisco, CA: H53P-2032. 
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Dennedy-Frank, P. J., et al. (2019). Understanding Hydrologic Connectivity in a Relatively Unmanaged Watershed 
by Combining Integrated Hydrologic Modeling, Remote Sensing, and Isotope Analyses. American Geophysical 
Union, Fall Meeting. San Francisco, CA: H43K-2189. 

Dozier, J., et al. (2019). Can remote sensing transform our use of snowmelt resources? American Geophysical 
Union, Fall Meeting. San Francisco, CA: H31A-01. 

Foglia, L., et al. (2019). Groundwater Modeling Results of Flood-MAR Efficiency in the Cosumnes River Floodplain. 
American Geophysical Union, Fall Meeting. San Francisco, CA: H11L-1662. 

Gooch, B. T. and L. Foglia (2019). Shasta Valley Groundwater Basin Hydrogeological Conceptual Model 
Development & Groundwater Sustainability Scenario Planning Efforts. American Geophysical Union, Fall 
Meeting. San Francisco, CA: H52F-06. 

Grande, E., et al. (2019). Residence time and groundwater storage for a periodically irrigated catchment. 
American Geophysical Union, Fall Meeting. San Francisco, CA: H53P-2040. 

Haleakala, K., et al. (2019). Regional-Scale Controls on Snow Accumulation in the Sierra Nevada. American 
Geophysical Union, Fall Meeting. San Francisco, CA: C33C-1588. 

Li, R., et al. (2019). Assessing the Crop, Energy and Water Nexus in the Central Valley California Using Remote 
Sensing Products. American Geophysical Union, Fall Meeting. San Francisco, CA: B23B-07. 

Liu, Z., et al. (2019). Lon-term Hydrological response of Snow-influenced Upland Watersheds across California's 
Southern Sierrra nevada Mountains Under a Changing Climate. American Geophysical Union, Fall Meeting. 
San Francisco, CA: H33I-2038. 

Moran, J., et al. (2019). Using Radon and other geochemical tracers to identify groundwater discharge to streams 
in California. American Geophysical Union, Fall Meeting. San Francisco, CA: H44C-05. 

Pensky, J. L., et al. (2019). Linking Physical Infiltration Processes to Changes in Water Quality and the Potential to 
Address Legacy Contaminants during Flood-Managed Aquifer Recharge. American Geophysical Union, Fall 
Meeting. San Francisco, CA: H11L-1664. 

Sarfaraz, A., et al. (2019). How much can managed aquifer recharge mitigate the Central Valley groundwater 
overdraft? . American Geophysical Union, Fall Meeting. San Francisco, CA: H14F-03. 

Siirila-Woodburn, E. R., et al. (2019). Climate Change and Plant Water Use: Inter-annual Differences in a 
Snowmelt-dominated System. American Geophysical Union, Fall Meeting. San Francisco, CA. 

Simms, B., et al. (2019). Quantifying the root zone water budget of the Butte Valley Groundwater Basin. American 
Geophysical Union, Fall Meeting. San Francisco, CA: H41O-1930. 

Stillinger, T., et al. (2019). Impact of seasonal runoff forecast uncertainty on water management decisions in 
California. American Geophysical Union Fall Meeting. San Francisco, CA: H43K-2184. 

Visser, A., et al. (2019). Hydrochronology and watershed-scale reactive solute transport. American Geophysical 
Union, Fall Meeting. San Francisco, CA: H53P-2045. 
 

Presentations at other meetings 
Bair, E. H. (2019). An examination of snow albedo estimates from MODIS and their impact on snow water 

equivalent reconstruction. UC Davis. 
Bair, E. H. (2019). An examination of snow albedo estimates from MODIS and their impact on snow water 

equivalent reconstruction. NOAA UCAR. Boulder, CO. 
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Bair, E. H. (2019). An examination of snow albedo estimates from MODIS and their impact on snow water 
equivalent reconstruction. NASA SnowEx Meeting. Washington, DC. 

Bair, E. H. (2019). Headwaters: Reconstruction of snow water equivalent and advances in optical remote sensing 
of snow. UC Davis. Davis, CA. 

Bair, E. H., et al. (2019). Validation of modeled snow properties in Afghanistan, Pakistan, and Tajikistan. CU 
Boulder CIRES. Boulder CO. 

Casirati, S., et al. (2019). Influence of snow accumulation and ephemerality on recent tree mortality in the Sierra 
Nevada. SNRI Symposium: Climate Change and the Ecology of Sierra Nevada Forests. UC Merced, CA. 

Garcia, N. E. and N. Ulibarri (2019). Comparing complexity in watershed governance: the case of California. 
Western Political Science Association Annual Meeting. San Diego, CA. 

Haleakala, K. S., et al. (2019). Looking Behind the Curtain of Advanced Snowpack Estimation in the Sierra Nevada, 
CA. The 12th International Precipitation Conference. Irvine, CA. 

Maina, F. Z. (2019). Sustainable water for an uncertain future. German Academic International Network meeting. 
San Francisco, CA. 

Maina, F. Z. and E. Siirila-Woodburn (2019). Nonlinear impacts of post-wildfire conditions on watershed 
hydrodynamics. Gordon Research Conference, Catchment Science. Andover, NH. 

Maina, F. Z., et al. (2019). Assessing the impact of climate extremes on watershed dynamics. EGU General 
Assembly. Vienna, Austria. 

Rentner, J., et al. (2019). Benefits of restoring and expanding the San Joaquin River floodplain to groundwater 
resources. Groundwater Recharge and Floodplains/Ecosystems Restoration. Sacramento, CA. 

Rodriguez, A. (2019). Analysis of Flood-MAR Efficiency on an Agricultural Field in the Cosumnes River Valley. 
MODFLOW and More Conference. Golden, CO. 

Rodriguez, A. (2019). The Role of Spatial Scale and Data Density on the Representation of Geologic Heterogeneity 
and Managed Aquifer Recharge Processes. Groundwater Resources Association - Western Groundwater 
Congress Conference. Sacramento, CA. 

Rodriguez, A., et al. (2019). The Role of Spatial Scale and Data Density on the Representation of Geologic 
Heterogeneity and Managed Aquifer Recharge Processes: H31C-07  

Safeeq, M. (2019). Headwater hydrology in the context of climate change, severe droughts and wildfires. 
California-Nevada Drought Early Warning System Partner Meeting. Sacramento, CA. 

Siirila-Woodburn, E. R. (2019). Quantifying the impacts of climate extremes on watershed hydrology with 
integrated models and high performance computing. California Extreme Precipitation Symposium. Davis, CA. 

Siirila-Woodburn, E. R. (2019). Using integrated hydrologic models to understand the impacts of climate extremes 
on watershed hydrodynamics. Invited. Golden, CO. 

Stillinger, T., et al. (2019). Impact of Seasonal Runoff Forecast Uncertainty on April-July Release Volumes for 
California Headwaters. California Department of Water Resources 2019 Flood-MAR Public Forum. 
Sacramento, CA. 

  
 
 
 


