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1. What hydrologic sciences questions need to be addressed to improve predictions of water supply forecasts with 2 weeks to 12 months lead times?

To address this issue, the working group disaggregated the streamflow forecasting problem into three main questions:

1) How can we improve estimates of hydrologic conditions (snow water equivalent, soil moisture) at the start of the forecast period;

2) How can we improve hydrologic (land surface) model simulations of streamflow throughout the forecast period; and

3) How can we improve the (fine-scale) accuracy of meteorologic/climate forecasts.

Science issues associated with each of these questions are provided below.

1.1. Hydrologic initial conditions

Initial conditions for streamflow forecasts may be estimated (i) directly from data, as in the NRCS statistical streamflow outlooks; (ii) through hydrologic (land surface) models, as in the NWS ESP system, or (iii) using both data and models (i.e., data assimilation), where observations are used to update model states.  The two main science issues identified by the working group were:

· Can we improve monitoring capabilities in mountainous watersheds?
· How do you bring model into a realistic hydrologic state through data assimilation?

1.2 Accuracy of the hydrologic (land-surface) model simulations of streamflow

Model-based streamflow forecasting methods use a hydrologic (land-surface) model to estimate initial states, and a hydrologic (land-surface) model to translate climate model forecasts (e.g., precipitation and temperature) into forecasts of streamflow.  The streamflow forecasting problem is thus critically dependent on the accuracy of hydrologic and land-surface models.  The major science issues identified by the working group were:

· What is the scale of hydro processes in mountain watersheds and how do we incorporate those processes and represent them at the appropriate scale in hydrologic modeling?

· What type of model is needed to provide reliable streamflow forecasts—LSM versus a conceptual hydrologic model? How much model complexity is needed for different water resources applications?

· One approach for streamflow forecasting is a multi-model super-ensemble system, where all sources of uncertainty in the modeling processes are characterized explicitly (e.g., the system will include an ensemble of model inputs, an ensemble of model parameter sets, an ensemble of models with different structure and complexity).  This system needs to be tested in snowmelt-dominated mountain watersheds as the processes are different from those in rainfall-dominated watersheds.  However, a number of science issues arise, most importantly:
· How do you use output from a super-ensemble system in a meaningful way?
· What aspects of the hydrologic forecasting system can be dealt with in a deterministic way?

· How do we resolve the scale mismatch between climate and hydrologic modeling modeling.

· How to we gain an improved understanding of processes associated with extreme events.

1.3 Accuracy of (fine-scale) climate forecasts

The major science issues identified by the working group include the following:
· How can we downscale available atmospheric products that can be used in hydrologic models?
· Can we forecast rain-on-snow events?

· How do we infuse probabilistic predictions of precipitation into hydrologic models?

· How can we develop ensemble approaches that deal with uncertainty in all phases of the modeling approach—the ensemble output from global-scale forecast models has a poor representation of forecast spread.  Are there ways of better characterizing the uncertainty in atmospheric forecasts?  (increased number of ensembles, perturbed model physics, etc.).

2.What meteorological forecast variables are needed to make these water supply forecasts and how well does the meteorological community do at providing them?
The working group agreed that precipitation was the single most important variable, but noted that accurate forecasts of temperature were critical for predictions of snowmelt events, predictions of rain-on-snow events, and partitioning of precipitation type.  It is thus important to get the mass and the energy right.

The relative importance of precipitation and temperature depends on the time scale and the region.  For short-term (i.e., week-two) forecasts in snowmelt-dominated basins, accurate forecasts of temperature are more important than forecasts of precipitation.  For longer-term forecasts (e.g., water supply outlooks initialized in October), probabilistic forecasts of precipitation are more important.  Forecasts of temperature are more important in basins dominated by snowmelt, where daily variations in runoff are more closely tied to temperature than precipitation.

The inputs that are required depend on the complexity of the LSM—precipitation and temperature forecasts are sufficient if a conceptual hydrologic model is used to predict runoff; otherwise the list of inputs will include radiative fluxes, windspeed, and humidity.

An important issue regarding model inputs is the resolution/complexity that is needed for different applications—are the complexities of a state-of-the-art LSM valid in light of inaccuracies in climate forecasts?

3.  Implementation--if you had a budget of $2 million per year, what would you do?

The working group agreed that the GAPP mountain hydrology initiative probably required an integrated mix of modeling and field studies.

However, the group also agreed that a model sensitivity analysis was required—prior to any field studies—to (1) identify the major sources of uncertainty in the streamflow forecasting problem and (2) to identify the approaches that may be used to address these uncertainties.

Potential science issues/experiments to consider include:

· What process variability exists at the GCM/LSM sub-element scale?

· CLPX type field experiment that continues throughout the snow accumulation/ ablation season.

· Gather field data to verify reanalysis data and evaluate climate model output.

4.  Deliverables

Identifying concrete deliverables was a difficult issue for the working group.  The group identified generic items that are difficult to objectively assess (e.g., improved process understanding, improved modeling capabilities, development of datasets for forecast evaluation / verification).  More work is needed to identify concrete deliverables that would stand up to a government audit.

One point that was noted was the need for long-term retrospective modeling studies to provide capabilities to objectively assess forecast improvements.

5.  Linkages

Linkages with observation programs (e.g., CLPX) are necessary, as GAPP’s budget will not allow for an extensive observation program.

There is a need to push agencies that manage observation networks to improve the networks to include higher elevations.

Combine with other projects to leverage funds / effort for field campaign.

