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This supplement provides a description of the Nested Regional Climate Model (NRCM), details of the automated tropical cyclone tracking algorithm, and presents results of simulations of the global tropics that were conducted to establish the capacity of the NRCM in simulating tropical cyclone activity.
[bookmark: _Toc217358406]S1 The Nested Regional Climate Model
The NRCM is based on the Weather Research and Forecasting (WRF) model (Skamarock et al. 2008) version 3.1 nested into either global reanalysis or a global climate model data with options selected for long-term simulation as described in Leung et al. (2005) including; a wide lateral boundary zone (following Giorgi et al. 1993) with combined linear-exponential relaxation following Liang et al. (2001); and, updated lower boundary conditions of sea surface temperature, surface albedo and vegetation fraction. Atmosphere-ocean interaction is limited to one-way only from the ocean to the atmosphere.  A hydrostatic pressure vertical co-ordinate is used with 51 levels such that levels are terrain following near the surface transitioning to pressure surfaces near the model top at 10 hPa.  Resolution is highest in the boundary layer to capture small-scale variability.

Model physical parameterizations are chosen based on test simulations of seasonal rainfall totals and spatial distributions over the maritime continent when compared with Tropical Rainfall Measuring Mission Multisatellite Precipitation Analysis data (Huffman et al. 2007).  Shortwave and longwave radiation is treated using the CAM3 radiation scheme (Collins et al. 2006), and includes the radiative effects of ozone and aerosol and time varying (yearly) greenhouse gases consistent with the A2 scenario of the boundary condition data.  Cumulus convection is parameterized using the Kain-Fritsch scheme (Kain and Fritsch 1990), including a parameterization of shallow convection.  Explicit precipitation processes are parameterized by the WRF single moment 6-class microphysics (Hong and Lim, 2006).  Boundary layer and surface processes are represented by the non-local YSU boundary layer scheme (Hong and Pan, 1996), and the Noah land surface model (Chen and Dudhia, 2001) with 5 soil layers.


S2 Automated Tropical Cyclone Tracking
NRCM simulated tropical cyclones are identified and tracked automatically.  Full details of the algorithm are provided in Suzuki-Parker (2012) and described briefly here.  Local minima in surface pressure are first checked for 850hPa vorticity > 10-5s-1 and 10m wind speed > 17ms-1 within 1º radius of the surface pressure minima. Next, vortex structure is checked for: sum of temperature anomalies at 300-, 500- and 700-hPa > 0K; temperature anomaly at 300hPa greater than the temperature anomaly at 850hPa; and, wind speed perturbation larger at 850hPa than 300hPa.  In addition, the cyclone phase parameters of Hart (2003) are checked for B (cyclone thermal symmetry) < 10, -VTL (lower tropospheric thermal wind) > 0 and –VTU (upper tropospheric thermal wind) > 0.  Finally, a 2-day duration criterion is imposed.

S3 Global Tropical Cyclone Activity
Results are presented from simulations using NRCM configured as a tropical channel model.  For this experiment the NRCM is driven by data from the NCEP/NCAR Reanalysis Project (NNRP, Kalnay et al. 1996) at 2.5° lat/lon grid spacing at the north and south lateral boundaries (45ºN and 45ºS, as shown in Fig. S1), as well as prescribed sea surface temperatures (Hurrell et al. 2008).  The model is initialized on 1st January 2000 and runs though 1st January 2006 using a grid spacing of 36 km.  An additional simulation is conducted with a two-way nest at 12 km grid spacing over the North Atlantic (Fig. S1) for the period 1st May 2005 through 1st Dec 2005 to probe the sensitivity of tropical cyclone simulation to model resolution.  No nudging of the NRCM to NNRP data is applied in the interior of the domain. 
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Fig. S1 NRCM model domains at 36 km grid spacing (large black box) and 12 km grid spacing (small black box). Model terrain height (shaded) is shown at the different model resolutions and extends beyond the 36 km domain to indicate the resolution of the NNRP driving data.

The NRCM produces a reasonable temporal and spatial distribution of global tropical cyclone activity (Suzuki-Parker, 2012) but overproduces the total number by typically 20-30% depending on the year compared to observations (using IBTrACS data, Knapp et al. 2010).  This bias is in part subject to details of the tracking algorithm (Suzuki-Parker, 2012); here the algorithm is not tuned to fit a specific model grid spacing to avoid interpreting the results of tuning as model skill.  Tulich et al. (2009) suggested that the bias is correlated to generally overactive easterly waves, particularly over the Northwest Pacific.  Over the tropical North Atlantic, however, further examination shows that the easterly waves are generally too weak and dry, contributing to reduced tropical cyclogenesis in the eastern Tropical North Atlantic. 

The 12 km nested domain improves simulation of both the number and spatial distribution of tropical cyclones for the North Atlantic, with 20 storms at 12 km and 13 storms at 36 km compared to 25 tropical storms in the observations.  Interestingly, at 12 km cyclogenesis occurs in the eastern tropical North Atlantic, but not at 36 km, suggesting the importance of local high resolution.  Caron et al. (2010) and Caron and Jones (2011) noted a similar sensitivity of cyclogenesis in the eastern tropical North Atlantic to local resolution but found genesis to occur in this region at a grid spacing of 0.3 (approximately 30 km) rather than the higher resolution of 12 km found to be necessary in this study.  This suggests local high resolution is not in itself sufficient.  Cyclogenesis is influenced by large-scale, resolvable processes, (e.g. Gray 1968) but also by mesoscale processes below current model resolution. 

S4 Future Changes in Tropical Cyclone Frequency 
This section presents the non-normalized cyclone track and genesis densities as supplemental information to section 2.4 in the main manuscript.  Figure S2 shows a low bias in the 36km data and a high bias in the 12km data for the base climate period.  We are not too concerned about model bias in tropical cyclone frequency since frequency can easily be changed by dialing up and down thresholds in the tropical cyclone detection algorithm (Suzuki-Parker, 2012).
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[bookmark: _GoBack]Fig. S2 Tropical cyclone track density (color shading) and genesis density (contours) for (top) IBTrACS data 1975-1995, (left column) NRCM 36 km domain, (right column) NRCM 12km domain, (top row) base climate, (middle row) the time slice 2020-2030, and, (bottom row) the time slice 2045-2055. Density is defined as the number of cyclone tracks or genesis points within a 5 degree radius of a point per year. 
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