J6.5   Presented at the 19th Conference on Hydrology.  Amer. Meteor. Soc. San Diego, CA, January 2005


Transferability Experiments for Advancing the GEWEX Agenda

E. S. Takle1,2, B. Rockel3, W. J. Gutowski, Jr.1, J. Roads4, I. Meinke4, and R. W. Arritt2 

1 Department of Agronomy, Iowa State University, Ames, IA  50011

2 Department of Geological and Atmospheric Sciences, Iowa State University, Ames, IA  50011

3 GKSS Research Centre Geesthacht, Max-Planck-Straße 1, 21502 Geesthacht

4 Experimental Climate Prediction Center, Scripps Institution of Oceanography, UCSD, 0224, La Jolla, CA 92093

1.  Introduction


Transferability can be considered a new perspective on climate research. By use of controlled numerical simulations and no change in tuning parameters, ensembles of regional climate models simulate different climate regimes (e.g., tropical vs. arctic) or different regions having a common climate regime (e.g., monsoons, low-level jets, mesoscale convective systems). The overall objective of transferability is to understand the physical processes underpinning the global energy budget, the global water cycle, and their predictability through systematic intercomparisons of regional climate simulations on several continents and through comparison of these simulated climates with coordinated continental-scale observations and analyses.  A model-development goal of such studies are to recover some first-principles generality that may have been lost due to model tuning to a single domain or climate regime.

The water cycle introduces challenges to climate predictability because it includes exponential, binary, and other non-linear processes that occur on a wide range of interacting scales. Furthermore, the water cycle creates spatial inhomogeneities that feed back strongly to the energy budget and circulation systems. Improvements in climate prediction hinge strongly on improving our ability to numerically simulate processes of the water cycle.  Therefore transferability experiments advance the GEWEX agenda by seeking to improve climate predictions with focus on the water cycle and its feedbacks to the energy budget and circulation system.

Transferability experiments are carried out by use of ensembles of regional climate models on multiple domains with all modeling parameters kept fixed during model transfer among domains.  Domains are designed to allow control of lateral boundary conditions in order to isolate climatic features under study from simulation errors in other parts of the globe.  Because transferability experiments use ensembles of regional climate models on multiple domains, they represent a step in numerical experimentation beyond the very successful model intercomparison projects (MIPs) used to understand strengths and weaknesses of regional climate models. 
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2. lessons learned from regional MIPS

A few examples of results from past regional climate MIPs demonstrate the value of such experiments.  From PRUDENCE over Europe, Déqué (2004) finds that individual RCMs present a larger spread than the difference between GCMs and RCMs.  The systematic error in temperature is less than half the climate change for a future scenario (A2, end of 21st century) climate.  Sources of uncertainty for global models, in decreasing order, are model, scenario (B2 vs A2), SST forcing and sampling.  For RCMS, the order is scenario, boundary forcing, model, sampling.  For precipitation, GCM systematic error is large with diverse patterns and is larger than the climate change signal.  Major sources of uncertainty in precipitation for both GCMs and RCMs are SST forcing and model-to-model variability, followed by scenario and sampling error.

From ARCMIP simulations of the Arctic, Tjerström et al. (2004) report that biases in near-surface wind speed (perhaps created for correct representation of large-scale pressure fields in forecast models) lead to incorrect sea ice drift.  Errors in surface heat fluxes are often 100%.  Turbulent heat flux has little similarity to observations.  Long-term errors in sensible and latent heat flux tend to compensate, perhaps due to tuning of wind stress.  Simulated downward shortwave radiation suggested that cloud simulations were reasonably accurate, but positive correlation between cloud water and bias in specific moisture suggests inconsistencies.  

From Baltex studies in the Baltic Sea area (Graham and Bergström, 2000, 2001; Raschke et al. 2001) comparisons were made of land process schemes in meteorological vs. hydrological models. A conclusion from comparison of two models is that perhaps the meteorological models should keep their multi-layered approach for modeling soil temperature, but add a simpler, yet physically consistent, hydrological approach for modeling snow processes and water transport in the soil. One result is that compensating errors are evident in the snow routines of the atmospheric models studied.  Results are consistent with most regional models producing too many high clouds and too few low clouds.  

From PIRCS over the central US (Takle et al, 1999; Anderson et al, 2003), all models captured the sequence of wet and dry days when the flow is driven by the large-scale motion, but varied much more randomly for strong summertime convectively driven cases. Most RCMs were able to simulate the unique nocturnal precipitation maximum in the US Midwest, even though this feature was absent in the climatology of the driving reanalysis.  Most RCMs simulated the precipitation maximum during a flood event to be northeast of its actual location.

A model intercomparison over South America (Roads et al., 2003) used a 4-member ensemble to simulate a 26-month period.  Individual model errors in precipitation were comparable to reanalysis errors, but the ensemble mean was somewhat better.  Overall, the models did not seem to improve on the coarser large-scale driving fields.  This is in contrast to the opposite result of PIRCS nocturnal precipitation noted above and underscores the need for systematic intercomparison of specific features of the water cycle and energy budget with multiple models on multiple domains.

A regional climate model intercomparison over China, Korea, an Japan (RMIP; Fu et al. 2005) found that model precipitation usually agreed with observations better in winter than summer. Although models generally produced excessive precipitation in high latitudes, they did tend to produce a realistic annual cycle.  They also captured the occurrence of extreme events but not their magnitudes.  

Regional climate simulations by stretched-grid formulations within global models under SGMIP have produced good representation of intraseasonal and interannual variability and realistic orographically induced precipitation in areas of high regional forcing.

3.

Beyond MIPs

Transferability experiments are conducted by use of multiple models on multiple domains (MM/MD), as opposed to single models on single domains, single models on multiple domains, or multiple models on single domains.  The strategy of transferability experiments is to identify key processes in the water cycle and energy budget that express themselves to different degrees in different climatic regions. Hypotheses are then created that can be tested by use of MM/MD experiments.  Candidate hypotheses are

· Physical parameterizations connected with the water cycle cause models to have a cool bias

· Physical parameterizations connected with the water cycle are the largest source of error in simulating the diurnal cycle

· Regions of large horizontal gradients of summertime soil moisture have enhanced summertime temperature predictability

Hypotheses are tested by comparison of simulations produced by several models with observations taken as a part of Continental Scale Experiments (CSEs) during Coordinated Enhanced Observing Periods (CEOPs).
 

4.  GHP Transferability working group 


At the 9th Annual Meeting (GHP-9, September 2003) of the GEWEX Hydrometeorology Panel (GHP) an interest emerged in establishing a Transferability Working Group (TWG).  Preliminary plans and a pilot transferability experiment (http://w3.gkss.de/ICTS/) (Rockel et al., 2005) involving three models on three domains (North America, Northern Europe, and Australia) were reported at GHP-10 (September 2004).  On the basis on a successful WCRP-sponsored workshop on regional climate modeling in March 2004 and interest in transferability, the WCRP Working Group on Numerical Experimentation has endorsed the transferability concept for advancing understanding of global energy budgets and the water cycle.  Plans are underway for further meetings on transferability, and a follow-on to the 2004 WCRP-sponsored regional climate workshop has been proposed.  Regional climate modeling groups, particularly those from developing countries, are encouraged to participate in this workshop and in ongoing transferability experiments.  A GHP Transferability Working Group website (http://rcmlab.agron.iastate.edu/twg/) provides an update on current research and opportunities for engagement in transferability experiments.
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