Fig. 2.	Drought occurrence as a function of time during June-August generated from the SDDI, with results averaged over all grid boxes which are 90% land (except Antarctica)
[from Hansen et al., 1989].                                         [p. 9,988]

 [p. 9993]	“On a global basis, four GCMs run for doubled CO2 all produce global precipitation increases in the range 9-15% [Grotch, 1989], which is much less than the 33% increase in atmospheric water-holding capacity that results from 4°C warming….
	The large evaporation increase leads to a soil moisture decrease of some 15% in the 2050s for the United States as a whole, and much larger decreases for certain states (Plate 4), while runoff in the 2050s decreases by 30% (Table 1) (similar to the results presented by Revelle and Waggoner [1983] in their empirical sensitivity studies of the effects of doubled CO2 temperature on runoff).  For the doubled CO2 climate with the GISS model, the PDSI summer soil moisture decrease for the United States is 27%.”
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[p. 9999]	“Overpeck and Bartlein [1989] used the doubled CO2 climate changes generated by the GISS model in conjunction with a forest stand simulation model [Shugart, 1984; Solomon, 1986] to estimate changes in forest composition in the eastern United States.  The vegetation was given 300 years to adjust to the different climate, so the results do not represent the transient response, although subtropical trees were not allowed to migrate into the southern regions.  The tree biomass in the eastern United States simulated at 28 locations decreased by an average of 40%, responding to both increased temperature directly, and to temperature effects on the hydrological cycle (through increased EP).
	Peart et al. [1989], Ritchie et al. [1989], and Rosenzweig [1989] used the CERES and SOYGRO crop models for wheat, corn, and soybeans to estimate the impact of the doubled CO2 climate changes on yields for selected sites in the Great Lakes region, the southeast United States, and the southern Great Plain.  The yield decreases averaged over the three different regions amounted to about 30% for the three crops with the GISS doubled CO2 climate changes.  Again, this response was primarily a result of increased temperature; the GISS doubled CO2 precipitation changes averaged over the United States are actually slightly positive.  With the GFDL doubled CO2 changes, in which United States precipitation decreases and temperature increases are large, the agricultural yields averaged a 50% reduction.  For both forests and crops, growing conditions improve at higher latitudes, where crops are currently limited by short growing seasons and low temperatures (and where the SDDI shows reduced drought frequencies (Plate 1))….
	Currently, EP exceeds P only in the subtropics.  In the doubled CO2 climate, EP exceeds P everywhere south of 35°N.  In the Köppen classification scheme this implies a shift in vegetation at these latitudes to “dry climate vegetation” (deserts, steppes, and prairies).  In the Holdridge [1947] classification scheme, on the latitudinal average, “moist forest” shifts to “dry forest” (e.g., subtropical rainforest to woodlands and grassland) and “dry forest” to “very dry forest.”
	The Holdridge classification scheme changes in vegetation types represent a decrease in net primary productivity (NPP, the net carbon incorporated into the biosphere after autotrophic respiration has been accounted for) of some 30% and 70% [p. 10,000] per unit area, using the NPP estimates of Fung et al. [1987].  This reduction in carbon uptake would likely be associated with reduced values of ; it would also affect the global carbon cycle.  To quantify this effect, the study needs to be done by considering individual geographic regions and the imperfections of the schemes.
	The biomass and vegetation classification results presented above did not take into account the so-called “direct effect” of carbon dioxide.  Increased atmospheric concentrations of atmospheric CO2 have been shown to allow stomata to remain partially closed and limit transpirative water loss; at the same time, photosynthetic rates may be enhanced, especially in species with the C3 photosynthetic pathway (see, for example, Strain and Cure [1985]).  Stomatal closure would decrease transpirative efficiency (), as in alternative C, without limiting vegetative function.  While these effects have been demonstrated in experimental settings, their applicability outside of the enclosed systems in which they have been observed, for example, over wide geographical areas and long time periods, is currently being debated [Körner, 1990].
	Furthermore, the impact of the increased temperatures on the energy of the plants must still be addressed.  The only mechanism the plant leaf has to remove energy that does not involve a temperature increase is through transpiration; if transpiration is decreased, the leaf temperature tends to increase, amplifying the leaf-to-air vapor pressure deficit.  As was illustrated previously for the bare ground simulated by GCMs, this tends to increase EP, the atmospheric demand for moisture, and nullify part of the effect of stomatal closure [Allen et al., 1985].  Additionally, increasing temperature is itself detrimental to the plant, affecting photosynthesis and phonological processes if temperature optima are exceeded [e.g., Larcher, 1980].  As plant transpiration departs further from the potential rate, it seems likely that plant growth will be further from optimal….
	Dry conditions prevailed throughout the tropics and subtropics in the early Triassic, expanded to higher latitudes (at least in the northern hemisphere) by the late Jurassic, and retreated again in the late Cretaceous.  Experiments by Kutzbach and Gallimore [1989] for the early Triassic showed global warming of 1.5°-4.5° compared with today, values that are admittedly very uncertain.  Note that the latitudes of aridity covered in these time periods are approximately the same as those shown in 2029 and 2059 (Plate 1) when the average global temperature is 2°C and 4°C warmer than today.


