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Background

> NOAA Hydrology Program provides a variety of
water and flood related forecast services

> Hydrology operations directly or indirectly rely
on a suite of satellite products

> OHD been partnering with NESDIS and River
Forecast Centers In assessing emerging satellite
products
> GPM/GOES-R/SMAP
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Presentation Notes
GPM: Global Precipitation Measurement (Satellite) launched in 2/27 2014. OHD/NESDIS-STAR is working on fusing the GPM products with radar and
Rain gauge data to create a seamless precipitation map, and evaluating the products for flood/flash flood predictions

GOES-R: OHD/NESDIS/NSSL put in a proposal to revise the NESDIS Self-calibrating multivariate precipitation retrieval (SCaMPR) to enhance its use
in areas with sparse radar coverage (AK, WG, PR)

SMAP: OHD/CREST effort to assimilate SMAP data into SAC model 


Today’s Topics:

> NOAA Hydrology Program

> Services
> Data needs and satellite products in operation

> Experimental products, current R20 activities
> Products for future operation

> Challenges of R20 and anticipated path
forward
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A “Summit to the Sea” framework
Align multiple agencies with complementary water-related missions;
NOAA, USACE, USGS
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Presentation Notes
The mission is supply the nation with high quality forecast and warnings to assist decision making? 

Point out the wide range of water related services being offered through AHPS, and the evolution from AHPS initiative to IWRSS.


Data Needs for Hydrology Program

> Issuing a forecast
> Hydrologic Model
»>Parameters/Model States
> Forcing data
»>Observations and forecast of P, T, radiation
> Forecast verification, adjustment and data delivery
> Observations of:
>streamflow
>soll moisture
>snowpack
>Inundation extent


Presenter
Presentation Notes
These are data in general and  not specific to satellite data
Radiation can be used to compute ET in NORHSC model


Satellite Products in Hydrologic

Operation
> Model setup/parameterization, e.g.,

> Land cover from Landsat and forest cover from MODIS

> Forcing data

> Precipitation Estimates
>NESDIS Hydro-estimator (GOES)
> QPF from NCEP models
> Variety of satellite data being assimilated

> Land surface model state assimilation/validation

> Satellite snow cover data
> SMOS/SMAP soil moisture
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Presentation Notes
SAC model parameters developed using lulc+ soil. LULC is derived from Landsat imagery
Hydro-estimator is merged with radar QPE (filling the gaps in the latter) in MPE



Satellite Precipitation Products

> Precipitation products needed for:
> Real-time Input to propagate model states
> Historical records for model calibration
> Water-related applications at partner agencies
>e.g., USGS water survey

> GOES |IR-based Hydro-estimator

> Used at River Forecast Centers for QA and
creating multisensor blended products

>Part of Stage IV product suite
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Model calibration for, say Rio Grande where reliable archival of gauge precip is not available. 

water-related application (e.g.) water

WGRFC is the only RFC that uses H-E operationally.  Others (SE) uses the data for QA (visual inspection). 

H-E data is a part of WGRFC MPE product and is subsumed in Stage IV


Limitations of Radar/Gauge Networks

Radar Coverage and Quality Index Map of Hourly Gauges

Radar Quality Index

) E‘”m Large coverage
gaps over the
west for the

coverage gaps in

Lack of timely data for
Northern Mexico gauge data

From NOAA National Severe Storms Laboratory: http://nmg.ou.edu
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This radar quality index is proportional to the error in radar QPE due to beam overshooting above the freezing level, and terrain blockages.  Further, the map shows where radar coverage is nonexistent.  Coverage is smaller in winter than in summer, due to lower freezing levels.  Note the coverage gaps over the intermountain West, the southwestern sector of the WGRFC area, and the upper Columbia basin.  There are smaller areas of compromised coverage over the eastern US.
Note this includes both the WSR-88D and Canadian networks.


Experimental Products under

Evaluation

> Precipitation
> Multi-satellite blended products
> SCaMPR/CMORPH
> Global Precipitation Mission (GPM - NASA)
> Fractional snow cover
> GOES-R baseline

> Soil moisture
> Soll Moisture Active Passive (SMAP - NASA)
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MODIS PET product developed at NASA/Marshall, Mike Smith’s group was doing the evaluation in conjunction with Marshall

Being assimilated 



Ongoing R20 Activities

> Multisensor QPE fusion

> OHD/NESDIS/OAR
> Create blended multisensor product
> Model state updates (real-time)/ calibration (off-line)

> Evaluation of snow products

> GOES-R fractional snow coverage
> NOHRSC(NWC)/JPL, CBRFC, AKRFC

> Assimilation of satellite-based soil moisture

> CREST/OHD
> Establish paradigm for utilizing incoming SMAP data
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Next Step: Multisensor Fusion

> Need objective multisensor fusion platform
> Complementary info from satellite/radar/gauge/NWP
> Automation and reducing forecast intervention
> Seamless and spatially continuous

Satellite
Bias .
Radar correction ISl Bias corrected
product

Gauge PN Fusion
2 @A
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Forecaster intervention: HAS can choose to incorporate Sat products and could combine the Sat and ground products manually by drawing 
Polygons. These are not reproducible 


Proxy ABI FSC, April/May 2013
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NOHRSC currently incorporates binary MODIS snow cover data into its operational SNODAS assimilations to help control and refine model depictions of snow cover extent. In the future, operational fractional snow cover (FSC) data from the GOES-R Advanced Baseline Imager (ABI) will improve the quality and breadth of satellite snow cover information used for snow data assimilation.
�
The slide shows FSC retrievals generated from five MODIS bands (proxy ABI data) that roughly coincide with the five GOES-R ABI FSC bands. As a participant in the GOES-R Algorithm Working Group (AWG), NOHRSC generates these data routinely.
�



Assimilation of Satellite Soil

Moisture Estimates

> Use of soil moisture in hydro operations
> Update hydrologic model states via assimilation

> CREST/OHD pathfinder effort, PhD research
> Assimilation experiments using SMOS data

Use of SMAP possible after launch

SAC-HTET hydrologic model w/direct insertion

Entry point for further work in data assimilation

Potential improvements in products

> Soil moisture and other water resource products
> Gridded flash flood guidance 13
> Routed stream flow

YV V V V
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As the focus of a PhD dissertation, they have developed a system to directly assimilate SMOS volumetric soil moisture data into the top physical soil layer of the SAC-HTET model.  This system could be used with SMAP data once that satellite is launched later in 2014.  They have assessed this assimilation system via comparison with observed soil moisture at three USCRN observation sites.

There are no active plans to use SAC-HTET in the derivation of GFFG, but there is no reason why it could not be used in that role, as long as temperature and precipitation forcing data were available.  (Currently, only precipitation data is used to drive the older version of the distributed SAC model that is used in the derivation of GFFG).  NASA Goddard has conducted some recent studies that have shown a modest improvement in routed streamflow when remotely sensed soil moisture is assimilated into the Noah LSM, but we have not yet assessed the impact of such assimilation on the SAC-HTET model.  Theoretically, better initial soil moisture conditions should help with both flash flood simulations and larger scale routed simulations (flood and non-flood).


SMQOS/SMAP: Potential Areas of Benefit
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Presentation Notes
Upper Left:  Soil wetness impacts surface runoff, often modeled by radar/satellite-driven hydrologic model.  Radar can overshoot shallow precipitation, temperature-based products from IR Satellites perform poorly in some situations as well.  SMAP is a potential source of soil wetness data in these cases
Upper Right:  Gridded flash flood guidance shows the amount of precipitation needed to cause local flash flooding which depends on soil moisture.  Current soil moisture source is NWS/OHD Sacramento Model which, as with all models, can feature errors.  Assimilating satellite observations can reduce these errors.
Lower Left:  Soil wetness affected by irrigation, can impact runoff.  Little to no representation of irrigation or assimilation of soil moisture data in current NWS operational hydrologic models.  SMAP could be used to adjust model fields for irrigated areas within forecast domain.
Lower Right:  Runoff processes directly impacted by ice content of soil.  Frozen soils lock moisture in place and increase runoff ratio. SAC-HTET model simulates frozen soil processes.  SMAP freeze/thaw data could be assimilated into model to improve representation of surface soil characteristics.



Numerous potential benefits, but many challenges
Data latency, repeat time, and resolution
Problematic performance in heavily vegetated areas
Potentially problematic performance in mountainous areas
Critical water resource areas
Radar coverage gaps
Extracting useful information from shallow observations
Operational availability, uncertain follow-on missions



Satellite Products in Future Operation

> Surface Water Ocean Topography (SWOT)
> Water coverage and water surface elevation
> Potentially useful for:
> Corroborating stage forecasts
> Inundation mapping

> GOES-R radiation products
> High resolution (2-km) PET estimates

> VIIRS river ice product (JPSS)
> NESDIS snowfall rate products (AMSU/MHS)
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VIIRS: Visible Infrared Imaging Radiometer onboard polar orbital satellites 
Snowfall from Advanced Microwave Sounding Unit/Microwave Humidity Sounder onboard polar orbital satellites 


Challenges of R20

> lssues

> Forecasters

> Lacking expertise on product and associated quality
> Developers

> Unaware of actual operational gaps

> Questions need to be asked:

Are there ground obs available?

How does the data complement ground obs?
How does the data fit into operations
Continuity of satellite missions
Coverage/latency/accuracy/resolution?

How to judge value of a specific data ingest?

YV V V V VYV V
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Path Forward

> PG and Testbed with active participation
from NWS Hydro Program and broader
hydrologic community
> Better communicate the operational context

> ldentify product relevance and maturity

> Focus R20 effort on those with
> high probability of yielding valuable outcome in operation

> QObjective, comprehensive assessments
> Mimic operational forecast environment
Attain quantifiable outcomes

>
> Avoid confirmation bias
> Understand the applicability over a wide domain



Path Forward

> The National Water Center

> Evaluation / validation service
> Evaluate operational value of new products
> ldentify new applications of new/existing products
> Partnership with broad community
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Questions?
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