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Water – Where We Are Going 
 
Summary of presentation for the City Council Work Session on Monday, Nov. 25th, 1 PM  
   by Vincent P. Gutschick* 
 
Topics: 
 

 Where the water is, globally 

 Where water moves, globally 

 Regional movement: our summer monsoon (and atmospheric rivers) 

 How dry are we? Continents...and our local rain shed (rain in = (1/9) of potential 
evapotranspiration) 

 Driver of dryness #1: the descending Hadley cell at this latitude 

 Driver #2: cold California current and the rain shadow of the coastal mountain 
ranges 

 How our precipitation and that of Colorado gets to our managed water supplies 

 The main uses to which we put our water – surface and groundwater; most for 
irrigation and reservoir evaporation, small amount for energy production, middling 
for municipal and industrial 

 Our water balance, for groundwater – negative, measured from orbit! 

 Fundamentals of how crops and other plants must use copious water; switch to 
“virtual water”? 

 Developing extremes for our area – and a note about our droughts and mega 
droughts 

 Stalled storms 

 Northward move of the Intertropical Convergence Zone 

 The correlation of extreme weather with rising water content in warmer air 

 Moisture convergence – the wet get wetter and the dry get drier 

 The need for adaptation, given the inevitability of further climate change 
 

 Prof., Emeritus, NMSU; Ph.D., Caltech, Chemistry/Chemical Physics; research, 
teaching, and public service record viewable at 
http://gcconsortium.com/about_us_founders_qualifications.html 
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Where the water is, on average



Where the water moves, globally

½ of this is
through plants



Most of the precipitation is in the tropics, where
the evaporation is highest



How does it move, in the atmosphere?

Long-term average winds, driven by uneven solar heating

Big “eddies” – cyclonic flows (hurricanes as extremes)
...and some “atmospheric rivers” (California...1861!)

Local (mesoscale) flows – topography, heating differences

To us, here in NM: 
Prevailing westerlies, mostly
Summer monsoon, from the Caribbean



Why are we so dry?

Compare us to others, first





More about why we are so dry here:

Phenomenon number 1: the Hadley cell

We’re on the descending loop

Near the equator, air rose and cooled adiabatically
Rain fell, leaving less water in the air

Here’s a quick demo: cloud in a bottle

At our latitude, air heated adiabatically as it descended,
lowering the humidity...and also the chance of rain



Reason #2 for why we are dry: 

We’re in the rain shadow of the West Coast 
mountain ranges

...and (#3) the air coming off the ocean by California has 
low water content; the California current in the ocean
is cold, adding little moisture to the air



OK, once it gets to us as rain, how does it get to us
in managed water supplies

Runoff and collection into:
Rivers, above ground
Aquifers, below ground

And as artifact of our tapping aquifers:
Reverse flow from rivers to aquifers



How do we tap into these supplies?

Municipal water use is about 8% of total water use
Industrial use is about 14% of total water use

About 2% is used for energy generation
Fracking might consume a similar amount (but 

contamination of larger amounts is a concern)
Together they account for 11% of river flow...

while most is indirect use, tapping groundwater
replenished largely by reverse flow from the river

Irrigation accounts for 78% of consumptive water use



Irrigation water usage

1.1 MAF
1.36 BCM

groundwater
Irrigated 
crops

Irrigation water 
evapotranspired to 
atmpsphere

1.07 MAF
1.32 BCM

0.67 MAF
0.82 BCMNet depletion 

0.40 MAF
0.50 BCM

0.36 MAF

0.47 BCM

0.12 MAF
0.15 BCM

0.64 MAF
0.79 BCM

Net depletion 

0.23 MAF

0.29 BCM



Tapping too much?

Population growth

Irrigation for agriculture ... but what is the need,
and what are the alternatives?



Plants need to use a lot of water

Irrigated agriculture produces 3.5x as much
as rainfed ag...and our high population needs this

Moving ag out means the water is used elsewhere 
= virtual water

Can these other places afford it?



Are we getting even drier...or more extreme,
in general?

Sometimes wetter: stalled storms



Why would we get drier?

Reason #1: moisture convergence
Wet areas have greater convection...and

“suck in” moisture from drier areas

Reason #2: the Intertropical Convergence Zone
moves northward as the climate warms –
pushing us deeper into dry descending air –
and think of poor Indonesia!

...or more extreme (wet/dry): there is a correlation of 
extreme events with more water content in
warmer air



What’s in store?

Adapt!

Work to limit climate change!


