Supplement 1. Fusion method for CRU-NCEP
The following choices were made in fusing the datasets in creating the CRU-NCEP climatology:
1. Between 1948 and 2010, the CRU-NCEP data is based on CRU TS 3.2 climatology. NCEP is used only to generate the diurnal and daily variability. The NCEP is first interpolated to the 0.5°x0.5° resolution of CRU for all variables. CRU provides cloud cover that is converted to incoming solar radiation based on calculation of clear sky incoming solar radiation as a function of date and latitude of each grid cell (Berliand, 1960). The relative humidity is converted to specific humidity as a function of temperature and surface pressure.
2. The monthly average values, M, of each NCEP variable, are calculated on each 2.5° grid cell. Then the 6-hourly values are calculated as C6h=C*m/M, except for temperature where C6h=C+(m-M). C6h is the 6-hourly CRU-NCEP value to be calculated for each 0.5° grid cell, C is the monthly CRU value, and m is the NCEP 6-hourly value interpolated to CRU’s 0.5° grid.
3. Before 1948, the procedure is the same as for 1948-2010 except that for variability we use NCEP data from 1948 and then the same intra-annual variability is repeated for every year from 1901 to 1947.
4. Climate variables: pressure, downward longwave radiation, and wind speed are not available in the CRU TS 3.2 data set. We used the variables from NCEP and interpolated them to the 0.5°x0.5° CRU grid. Before 1948 we used the data directly from NCEP for 1948, hence there is no inter-annual variability for these variables before 1948.

Supplement 2. Comparison of global and North American climate data
We compare several features of the climate data used to drive the global and North American MsTMIP simulations.
The first comparison is of monthly mean downward shortwave radiation over North America between three data: (a) original NARR, (b) NARR rescaled using the MTCLIM model, and (c) CRU-NCEP (Figure S1). Both the original and rescaled NARR downward shortwave radiation have much higher seasonal variability than CRU-NCEP, and have an increasing trend during the period of 1979-2010, with the scaled NARR demonstrating a slightly lower increasing trend (0.073 W/m2/yr). The 2nd order trend lines show that both original and the scaled NARR have decreasing trends in the 1980s and increasing trends after 1990, which is consistent with the findings reported in Wild et al. (2005) and Pinker et al. (2005). However, Figure 5c shows a slight decreasing trend (-0.00146 W/m2/yr) in CRU-NCEP downward shortwave radiation. The comparison of monthly mean seasonal time series between these 3 data (Fig. S1d) reveals that the rescaled NARR downward shortwave radiation, as indicated by the red line, is much lower than both the original NARR data (blue line) and the CRU-NCEP data (green line). The decreased downward shortwave radiation caused by the MTCLIM model can also be observed in the long-term monthly mean maps over North America in 1979-2010 (Fig. S2).
Compared with downward shortwave radiation, NARR and CRU-NCEP have more similar seasonal variability and spatial distribution patterns for downward longwave radiation (Fig. S3 and Fig. S4).  CRU-NCEP downward longwave radiation has a stronger increasing trend (0.073 W/m2/yr) compared to that in NARR (0.0146 W/m2/yr, Fig. S3b). Figure S4 shows that NARR has much finer spatial distribution details than CRU-NCEP, even though they share a similar spatial distribution pattern.
Figure S5 presents a comparison of mean monthly total precipitation over North America in 1979-2010 between original NARR, NARR precipitation rescaled with GPCP v2.1, and CRU-NCEP. Figure S5a and Figure S5c show that original NARR and CRU-NCEP precipitations have very similar seasonal variability and trends. However, the GPCP-rescaled NARR precipitation shows a significant decreasing trend (-0.219 W/m2/yr) in 1979-2010, especially after 1990 (Fig. S5b). This decrease in the rescaled NARR precipitation will have significant impact on MsTMIP regional-scale sensitivity simulations. Figure S5d shows that the GPCP-rescaled NARR data product has higher precipitation. This increase is also evident in the long-term mean (1979-2010) monthly total precipitation maps (Fig. S6). Figure S6b shows that precipitation along the Northwest coastline and in Central America has been increased significantly through the rescaling process.
For other climate variables, both NARR and CRU-NCEP share similar seasonal variability, trends, and spatial distribution pattern. For example, Figure S7 and S8 show the anomalies of NARR monthly mean temperature time series and long term (1979-2010) monthly mean temperature over North America. Both data have very similar increasing trend (0.03285 K/yr for NARR and 0.0292 K/yr for CRU-NCEP) in surface air temperature. The spatial distribution patterns of NARR and CRU-NCEP are almost identical (Fig. S8).
Supplement 3. Assumptions for the development of time-varying nitrogen deposition data
The following assumptions were made in the development of the nitrogen deposition data:
1. Nitrogen deposition varies along with N emissions;

where NDi is N deposition rate for NHx or NOy in a specific year i (unit: mg N/m2/yr); correspondingly, EDj and EDj-1 are emission rates of NH3 or NOx in decade j and j-1.
2. In a few grid cells (< 0.1%), the trend of nitrous gas emissions is inconsistent with nitrogen deposition, e.g., emission rate in 1990 is less than that in 1890, while Dentener nitrogen deposition data shows an opposite pattern. In such cases, we linearly interpolate the Dentener nitrogen deposition data to produce the annual variation of nitrogen deposition;
3. If the emission change between two consecutive decades is three times larger than that between 1890 and 1990 (i.e., an abrupt change occurred, which happens in very few cells, < 0.01%), we also use a linear interpolation method, instead of emission-based temporal variation, to produce annual nitrogen deposition.
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Figure S1. Comparison of Monthly Mean Downward Shortwave Radiation over North American in 1979-2010: (a) anomalies and trends for original NARR, (b) anomalies and trends for NARR rescaled using the MTCLIM model, (c) anomalies and trends for CRU-NCEP, and (d) time series of monthly mean downward shortwave radiation over North America from 3 data
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Figure S2. Comparison of Spatial Distribution Patterns of Long Term Monthly Mean Downward Shortwave Radiation over North American in 1979-2010: (a) original NARR, (b) NARR rescaled using the MTCLIM model, and (c) CRU-NCEP.
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Figure S3. Comparison of Monthly Mean Downward Longwave Radiation over North American in 1979-2010: (a) anomalies and trends for original NARR and (b) anomalies and trends for CRU-NCEP
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Figure S4. Comparison of Spatial Distribution Patterns of Long Term Monthly Mean Downward Longwave Radiation over North American in 1979-2010: (a) original NARR and (b) CRU-NCEP.
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Figure S5. Comparison of Mean Monthly Total Precipitation over North American in 1979-2010: (a) anomalies and trends for original NARR, (b) anomalies and trends for NARR rescaled using GPCP, (c) anomalies and trends for CRU-NCEP, and (d) time series of mean monthly total precipitation over North America from 3 data
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Figure S6. Comparison of Spatial Distribution Patterns of Long Term Mean Monthly Total Precipitation over North American in 1979-2010: (a) original NARR, (b) NARR rescaled using GPCP, and (c) CRU-NCEP.
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Figure S7. Comparison of Monthly Mean Surface Air Temperature over North American in 1979-2010: (a) anomalies and trends for original NARR and (b) anomalies and trends for CRU-NCEP
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Figure S8. Comparison of Spatial Distribution Patterns of Long Term Monthly Mean Surface Air Temperature over North American in 1979-2010: (a) original NARR and (b) CRU-NCEP.
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