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Water — Where We Are Going

Summary of presentation for the City Council Work Session on Monday, Nov. 25", 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



Where water comes from... where it goes

Vince Gutschick

Presented at the 27 Sept. 2013 meeting of the
Sun Country de Las Cruces Kiwanis Club

Good Samaritan Village



Table 5.1

Water Volumes of Earth
Category Volume (10 km?) Percent
Oceans 1348.0 97.39
Polar ice caps, icebergs, glaciers 227.8 2.010
Groundwater, soil moisture 8.062 0.580¢
Lakes and rivers 0.225 0.020
Atmosphere é ! ' 0.001
P Where the water is, on’dverage

Total water amount 1384.0 100.0
Freshwater 36.00 2.60
Freshwater reservoirs as a percent of total freshwater

Polar ice caps, icebergs, glaciers 71.2

Groundwater to 800-m depth 9.89

Groundwater 800—4000-m depth 12.3%

Soil moisture 0.17¢

Lakes (freshwater) 0.35

Rivers 0.003

Hydrated earth minerals 0.001

Plants, animals, humans 0.003

Atmosphere 0.040
Sum 100.000

[ From Baumgartner and Reichel (1975).]
9Numbers uncertain.
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Fig. 5.1 Schematic diagram showing the basic fluxes of water in the global hydrologic cycle. Units
are centimeters per year spread over the area of the land or ocean. Since the areas of land and ocean are
different, the land—ocean water exchanges by atmospheric transport and river runoff have different values
depending on the reference area, as indicated by the parentheses. The smaller values are those referenced
to the larger oceanic area.



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

For reference, the precip climatology from TRMM
(1998-2008)
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Summer monsoon, from the Caribbean




Why are we so dry?

Compare us to others, first



Table 5.2
Water Balance of the Continents and Oceans (in mm/year)

Region E P Af

Land
Europe
Asia
Africa
Australia
North America
South America
Antarctica

All land

Ocean
Arctic Ocean
Atlantic Ocean
Indian Ocean
Pacific Ocean 1292

All ocean 1066
Globe 973 973

[ From Baumgartner and Reichel (1975).]




6.3 Atmospheric Motions and the Meridional Transport of Energy 143

[yul DJF
0 _10 S T \} T T U
15 =
10 ‘ =
: At \
[ 4% A\ >
s WA~ : '
oLt i L ey 1 L B T 2t PRy L L L
80S 60S 40S 20S 20N 40N 60N 80N
[yl JUA
20 1 T T T T T U ¥ ¥ T T T T IU l{ p»
—~ 15L L\f‘! 3
E o
8 10 ',’ v —
.3 7
i 5 e —“ : —
4 v i)
0 3 1 1 1I\' =4 1 “1 ' 1 1 z z 1 1
80S 60S 40S 20S EQ 20N 40N 60N 8ON
[yl Annual
20FT T TR Ul T r/ T e oo ) M
15} : - : -
10 7:‘ v:_‘:: /l v :, ‘\‘( ol
i A=y :‘v’fy.-.‘. J;":.' “‘r- o :'1 i sk  3 : iy f r I n
005 60S 40S 205 EQ 20N 40N 60N 8ON O ra

Fig. 6.5 Latitude—height cross section of the mean meridional mass circulation. Shaded values are
negative; units are 100 kg s~!. [Data from Oort (1983).]




Rising Air Cools and Condenses

Dry Air Advances




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

Irrigation water

1.1 MAF evapotranspired to
1.36 BCM atmpsphere
0.64 MAF
1.07 MAF 0.79 BCM

1.32 BCM

Irrigated
crops

groundwater

0.67 MAF Net depletion

0.82 BCM

0.23 MAF
0.29 BCM



Arizona alluvial aquifers
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The slowing of the west to east flow of the jet stream produces large meandering lobes that can
stall, resulting in long periods of unchanging weather. Source: Skeptical Science




As Temperature Rises, So Does the Rain Band

The Intertropical Convergence Zone (red), which circles the earth, Elevated Northern Hemisphere temperatures moved the rain
is formed by opposing trade winds that create low pressureabove  band north during the Medieval Warm Period (left); cooler tem-
equatorial water heated by the sun. The water evaporates, rises  peratures shifted it south during the Little Ice Age. Today the
and condenses as rain—Ilots of it. The low pressure also creates  band is as far north as it has ever been in the past 1,200 years. The
adjacent, massive high-pressure cells that circulate atmospheric  projected rise in global greenhouses gases could bump it another
heat toward higher latitudes, driving weather systems there. five degrees northward by 2100.

Medieval Warm Period Little Ice Age
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Meskiesst Warm berica Lkfle fon Age Implications: If the rain band travels another

five degrees north, hundreds of millions of
people near the equator would be left inits dry
wake. Subsistence agriculture, coffee and
banana crops, and tropical biodiversity would
wither in places such as Ecuador, Colombia,
northern Indonesia and Thailand. Locations in
\ ’ the band for the first time would receive much
T T more rain, including Guam and El Salvador.
1400 1600 1800 Serious drought in the southwestern US.
Year (AD) would likely become the new normal pattern.

Northem Hemisphere Temperature Difference
from 1611990 Average (degrees Celsius)




Wet Gets Wetter, Dry Gets Drier

multi- model | ] < —— DJF multi- model WU .« | - JJA

66% of the models agree in the sign of the change and stippled areas are v-
change. {Figure 10.9)




