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I think after that uplifting talk, I believe Conci wants me to lower the boom here and give 
everyone a dose of climate reality as we think we understand it. 
 
Our theme is "who to bail us out". I will expand this to include Nature, at least Nature as 
modified by people, as we think is happening. So in just a few slides, I'll try to summarize what 
we think is happening to the climate system right now, and why it matters to the water budget for 
the Middle Rio Grande. 
 

 
IPCC AR4 Global Temperature Scenarios 

 
What we're looking at here [slide] is a diagram that's got lots of colored lines and tiny numbers. 
This is out of last year's IPCC report-that's the Intergovernmental Panel on Climate Change, not 
the Indian Pueblo Cultural Center. (I told friends at a climate meeting in Phoenix last week that I 
was giving a talk at the IPCC and they figured I was going to Geneva!) This is a projection of 
what we think the climate is going to do globally over the next centuries. This is the 20th 
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Century as simulated by a collection of 18 climate models, showing that we've warmed up about 
that much (about 1 F) in the 20th Century.  
 
This is a simulation, but it tracks observations very well. The colored lines represent different 
scenarios for future global warming using different assumptions for how much greenhouse gas is 
going to be input into the climate system over the next century. The warming ranges from about 
the same amount as we got in the 20th Century-the yellow line-to LOTS more. The bad news is 
that the yellow line is what happens if we had all stopped emitting greenhouse gases entirely in 
the year 2000-a totally unrealistic sort of "current commitment" assumption that says that we'll 
continue to warm up about the same amount as we've already warmed up in the 20th Century, 
just from what we've already loaded in the atmosphere. I don't have time to go into the 
assumptions and details here, but if anybody has any questions, I hope we'll have plenty of time 
for that. 
 
So much for global temperature. What does that have to do with the Middle Rio Grande? That's 
what I'll try to explain in the next ten minutes. 

 
Here I have taken one of those scenarios-kind of a mid-range scenario-and I've simply taken the 
model grid points from those global models that correspond to a region in New Mexico up along 
the northern reach of the Rio Grande, so-called Climate Division 2, and I've come up with a 
scenario equivalent to what we've just looked at, but now down-scaled to northern New Mexico. 
We can do this for New Mexico as a whole, and for different Climate Divisions within the state, 
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and the results are pretty similar. 
 
In the above slide, one panel shows winter temperature, another shows summer; and that's an 
annual average temperature average over Climate Division 2. The blue segment of these lines 
has nothing to do with the model at all: it shows observations for the 20th Century. We start in 
1900 and end in 2007 with what we have already observed. Then to project forward in time I've 
taken simply the linear trend that the models have simulated from the mid-range scenarios, and 
added a realistic amount of interannual variability by just reproducing annual anomalies from the 
20th Century. 
 
How many people saw the movie Ground Hog Day, where a dashing and handsome 
meteorologist won the girl? That's what I took away from that movie. I'm a climate guy, not a 
weather guy, so instead of reliving one day over and over, we re-live the 20th Century year by 
year. The punch line here is that in the summer, where we see the biggest signal, the projected 
climate change is such that by the middle of the century-2050 here-even the coldest summers 
from this scenario are outside the range of historical variability in the 20th Century.  
 
So we leave recorded history behind according to this scenario, and we have extraordinarily high 
summer temperatures by mid-century. That's in many of our lifetimes. By the time we get to 
2100, we're way up here. The grid lines on the plot are two degrees apart, so there's a LOT of 

warming going on here, folks. The trend is somewhat smaller in winter, with much more inter-
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annual variability, but that's still enough change to have profound effects on surface water in 
New Mexico. 
 
Above, here's the same game that we play for precip, and the punch line here is that the models 
suggest no clear trend at all in precip from the 20th to the 21st Century. But the whole story with 
precip, as those of us who live here already know, is that there's lots of year-to-year and decade-
to-decade variability, so the water story that comes out here is 'maybe the same amount of 
precip, but lots and lots of variability in a warmer climate. So what are the effects of that? 
 

The projected “Drying of the Southwest” 
 

 
Well, the West dries out, as was shown in a paper that came out in Science in 2007. If we 
calculate the difference between precipitation and evaporation-in other words the surface water 
budget, where what comes in from the sky is the input, and what goes out via evaporation is the 
output-that difference goes down, down, down to the point where the surface dries out and we 
end up in what some people have called a perennial or permanent drought.  
 
The Southwest really dries out under these scenarios, and we can look at that in a little more 
detail. As winter temperatures warm up, even if the same amount of water is falling out of the 
sky, we get less and less precipitation in the form of snow.  
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Global climate models predict a 
transition into a much more arid 
climate in the Southwest  by the mid 
21st Century 
 




















How do these trends compare with 
interannual and decadal variability 
(including drought episodes)?  
 
 
 
 
 
 
IPCC models do not represent 
interannual/decadal fluctuations in a 
robust and consistent way 
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This colored picture is the amount of projected snow pack late in the 21st Century. The bloody 
red dry colors are supposed to evoke not much snow, and in fact, the way these models work, 
there is no snow pack by the late 21st Century south of the Sangre de Cristos, south of Santa Fe.  
We might get intermittent snowfall in places like the Sacramento Mountains, but no more snow 
pack. A huge decrease in snowpack occurs throughout the West. Again, that's a primarily due to 
temperature change, not precipitation change. 
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Decreases throughout western mountains are seen in 
climate model simulations 
 
The decreases are due principally to temperature 
change (more rain, less snow) 
 
In NM: snowpack disappears south of Santa Fe 
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March snowdepth 
by mid-21st Century 
A2 scenario  
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When we have warmer 
temperatures and less snow 
pack, then the date at which the 
snow melts gets earlier. The 
dots on this slide show that in 
most of these simulations, by 
the time we get to the late 21st 
Century, (and the dates and 
details can change from model 
to model and simulation to 
simulation,) the time of 
projected snowmelt in the 
spring is about a month earlier.  
 
Hence there's less snow in the 
mountains and it melts earlier, 
which has some pretty 
interesting implications for 
water management, because we 
have a water storage and 
conveyance system based on 
rivers and reservoirs that's 
calibrated to the current climate. 
If water managers need to deal 
with that water a month earlier, 
and somehow store it and 
convey it to meet all our 
obligations as you've been 
hearing about all day, then their 
difficult job becomes even 
harder.  
 
Furthermore, it means there's a 
lot of liquid water in the system, in reservoirs and rivers for a 
longer period of time under warmer temperature conditions during the summe. Guess what that 
does to evaporation? Evaporative losses-carriage water? is that the term that I just heard for the 
first time today, which I just love-go up. We lose a lot more of water out of the system altogether 
from our own regional perspective. 

Projected change in snowmelt runoff ti min g 
much earlier peak runoff date, driven by warmer temperature 
(less snow, warmer springtime temperatures) 

Stewart et al. (2004) 
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   Prediction: Soil moisture will decrease 
        ET over land will decrease 

Evapotranspiration 
June-July-August average 
 

 
 
Difference (2071-2095) - (1961-1985) 

 
 N. Diffenbaugh (Purdue U.) 
 
In the warm season, under warmer conditions, soil moisture decreases.  
 
Basically, anytime there's water available to evaporate, it evaporates away, so soil moisture dries 
out, and evapotranspiration as simulated in the models decreases because there's less soil 
moisture to evaporate away. But that means that the demand for water by anybody trying to grow 
crops, or do anything at all that requires outdoor watering, is going to go up.  
 
However, a huge exception must be made for this map of evapotranspiration off land surfaces, 
where evapotranspiration is limited by the amount of water there is to evaporate away,. Over 
open water surfaces under warmer conditions in the summer, evaporation goes up by a lot, 
especially at lower elevations where the temperature is warmer. This certainly includes Elephant 
Butte and reservoirs downstream where we are now, for operational purposes, constrained to 
store much of our water. So there are some operational considerations here that have to do with 
where we store all this liquid water that's not locked up in snow pack so much in a warmer 
climate. 

BUT: 
 
Under these conditions  
evaporation over water 
surfaces (not resolved in 
this model) would 
dramatically increase 
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   Effects of projected climate change on Rio Grande basin streamflows  

 
Earlier snowmelt flood pulses and much reduced tota l streamflow volume   
Hurd and Coonrod (2007) 

 
Brian Hurd and Julie Coonrod have put climate projections into a river flow model. The black 
line here is an estimate of present-day river flows in the Middle Rio Grande as a function of time 
of year, i.e. the annual hydrograph. Julie and Brian have explored different scenarios for 
temperature and precipitation, shown in different colors here. Unless you assume (with no 
justification) that we get lots more precipitation in the future, then the total flow down the river 
(the area under each hydrograph curve) is a lot less on an annual basis, and the flows peak earlier 
because the snow is melting earlier in the mountains. So our friends at the ISC who are managing 
river flows will need to anticipate hydrographs that look like this, instead of this, and they'll all 
tell you that that's "hard." These projections present a HUGE challenge for us-and that's just the 
surface water we have to work with as simulated by these models. 
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It's difficult to put firm numbers to this but we've tried. Here is an estimate of the water budget 
that Water Assembly helped to stimulate some years ago. We won't go into the details, but these 
tiny numbers here are inflows into the Middle Rio Grande, and depletions out of the Middle Rio 
Grande on the right. The bad news is that the climate changes that I have just outlined are such 
that the inflows on the left go down, because streamflow into the river is decreasing because of 
decreasing snow pack, etc. So, less water flowing past Otowi, less in the Colorado River system. 
In fact even Albuquerque is contributing to the decrease in inflows by its proposal to stop 
contributing surface water to the Middle Rio Grande through pumping groundwater and sending 
it out the second largest tributary to the Middle Rio Grande in this reach-the wastewater 
treatment plant at the south end of town. That was supposed to be a joke! Most audiences laugh 
at that, but you'all? "Oh yeah, of course." 
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Proxy precipitation history of north-central New Mexico 
 

 
 
 
What about the depletions? Evapotranspiration, a major depletion term that appears in multiple 
places on this budget, goes up. So overall, the inflows decrease and the depletions increase, and 
without even trying to quantify this specifically, anybody who has tried to balance a checkbook 
knows that you've got a challenge here, folks. We have a challenge here and the question is what 
will we do about it? As you've heard, maybe the simplest thing to do is just point to agriculture 
and say 'that's our water bank' and we'll deal with the deficit by taking it out of ag. But that's the 
sort of hard decision that people will need to consider, given the kind of water budget changes 
that we're dealing with here. 
 
Now I could go on for a long time but I won't, and maybe we ought to leave time for some 
questions about any of the technicalities here, so thank you for your patience, and I'll turn this 
over to our next speaker. 
 
 
 


