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Atmospheric Rivers

Mediterranean Climate
-Dry Summers

-Wet Winters
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The science behind atmosphericrivers

An atmospheric river (AR) is a flowing column of condensed water vapor in the atmosphere responsible for producing significant levels of rain and snow,
especially in the Western United States. When ARs move inland and sweep over the mountains, the water vapor rises and cools to create heavy precipitation.
Though many ARs are weak systems that simply provide beneficial rain or snow, some of the larger, more powerful ARs can create extreme rainfall and floods
capable of disrupting travel, inducing mudslides and causing catastrophic damage to life and property. Visit www.research.noaa.gov to learn more.

A strong AR transports an amount of water vapor roughly
equivalent to 7.5-15 times the average flow of water at the
mouth of the Mississippi River.

ARs are a primary feature in the entire global water
cycle and are tied closely to both water supply and
flood risks, particularly in the Western U.S.

flooding risk.

ARs move with the weather and
are present somewhere on
Earth at any given time.

ARs are approximately
250-375 miles wide on
average.

Scientists'improved understanding of ARs has come fic
roughly a decade of scientific studies that use observatiol
satellites, radar and aircraft as well as the latest numerical
models. More studies are underway, including a 2015 sciel
mission that added data from instruments aboard a NOAA s|
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Northern Sierra Precipitation: 8-Station Index, April 3, 2020
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' Rivers of California

About 800 mifes (1,287 km) across

River Basins
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Natural Streamflow Classification

Hydrologic Group

Snowmelt
Snowmelt High elevation, low precipitation

Low-volume snowmelt and rain

Mixed . High-volume snowmelt and rain

Groundwater

Flashy, ephemeral rain
Rain and seasonal groundwater

Rain
. Perennial groundwater and rain
Winter storms

Climate Patterns

0
Kilometers

Lane, B.A., Sandoval-Solis, S., Stein, E.D., Yarnell, S.H., Pasternack, G.B. and Dahlke, H.E. (2018). Beyond
metrics? The role of hydrologic baseline archetypes in environmental water management. Journal of

Environmental Management.




Streamflow

Percentile

//90%

10%

Average annual runoff (land area)

B 66% (20%) }_ 40%A

24% (20%)

9% (20%)
1% (10%) 60%A
0.1% (30%)

(SM) Snowmelt
(HSR) High-volume snowmelt and rain
(LSR) Low-volume snowmelt and rain
(RSG) Rain and seasonal groundwater
(WS) Winter storms

(GW) Groundwater

(PGR) Perennial groundwater and rain
(FER) Flashy, ephemeral rain

(HLP) High elevation, low precipitation

75% of California’s precipitation
occurs east and north
and 75% of its water demand lies
west and south

Average Annual Rainfall (30 Year Average) by California Hydrologic Region

Inches of Rain

North  Central Coast South Coast Tulare
Lahontan

* Hanak et al. (2011). “Managing California’s Water. From Conflict to Reconciliation”
<http://watershed.ucdavis.edu/research/waterpolicy.html>
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Water Supply and Water Demand

Average annual runoff (land area) T )
Water Supplies |
i o/ M 66% (20%) o, I |
90% 2% (20%) }‘ 40%A Mostly in Wet J
556 20% Season
/0 (20%; . Thousands of acre-feet per year
10% 1% (10%) 60%A - MOStly n north & ) Hydrologic Regions
east N IA . North Coost
0.1% (30%) H 3 N ~ San Francisco Bay

Water Demands

- Mostly in Dry
Season

- Mostly central, west
and south

Disconnections

Time

- Reservoirs, &
groundwater use

Space

- Aqueducts, canals, : ST

Los Angeles and pipes » : ~— ‘ >

(%) = - Water Imports - 20 ,‘m , (
omi 50 100 150 EXpOrtS s LN N

San Diego,

Okm 80 160 240 « ponok et al. (2011). “Managing California’s Water. From Conflict to Reconciliation” <http://watershed.ucdavis.edu/research/waterpolicy.html>
_

Precipitation Evapotranspiration
~ 200 MAF &/or Recharge~ 120 MAF

CALIFORNIA
WATER
BUDGET

as runoff ~ 80 MAF MAF/Yr
Woater Supply in Average Year (2010) 200 (precipit. + import)
Environmental use 39
Agricultural water use 33 (~30% from GW)

Urban water use (residential + industrial) (8
Recycled water use 0.60 (7.5% = 0.6/8 MAF)
Total beneficial water use 80




California Water Use

nstream Flows
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> 80,000 Farms == $45 Billion Industry (< 5% GIR)
26 Million Acres of Agricultural Lands
13 Million Acres of Pasture and Rangeland

9.5 Million Acres of Irrigated Cropland
6.2 Million Acres Annuals
3.3 Million Acres Orchards/Vineyards
> 350 crops

Potato
Fresh Tomato B 0.1
Safflower 1 0.1
Sugar Beet ™ 0.1
DryBean mm 0.2
Cucurbit == 0.2
Onion/Garlic == 0.2
Processing Tomato mm— 0.7
Grain — (8
Cotton — 0.9
Other Truck Crops  IE—— 1.3
Subtropical Trees E—————— 1.4
Vineyard |ssssssss—— 1.6
Other Field Crops ss—— 1 ]
Corn EEEEEEE—— 0.0
Other Decidious Trees I ) )

Rice 2.7
Pasture 31
Almond/Pistachio 3.8
Alfalfa 5.2
1 2 3 4 5 6

Water Use (million acre-feet)

Population (Million)
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Population
(millions)

——— Historical Population (millions)

— — = CA Dept. of Finance Population
Projections

Historical Urban Water Use

Simple projection holding per-
capita use constant

Projection with 20% per-capita
reduction by 2020

0 - .
1970 1980 1990 2000 2010 2020 2030 2040 2050

Sec

tion 5937 B:

Fish and Game Code

Riparian rights
held as superior to
appropriative rights Hoover Dam
(1886) authorized (1928)
Great Flood
of 1862 O'Shaughnessy
English Dam (1923)
common
law Owens River
adopted Aqueduct
(1850)

Gold Rush Endof | Reclama- | |Raker Act
begins hydraulic tionAct | |authorizes
(1848) mining (1902) | | Hetch
(1884) Hetchy

Right of prior | Irrigation districts (1913)

appropriation authorized
established (1887)
(1855) Widespread flooding
Reclamation (1906, 1909)
districts
authorized
(1868)

Federal Flood Control Act (1928)

(1959 CEQA (1970)

Oroville Dam (1968)
Trinity Dam (1962)

Colorado River
Aqueduct (1940)

Shasta
Dam
fIIQMJ

Delta
Mendota
Canal
(1951) gyp
Federal  approved
takeover (1960)
of CVP (1935)
Califernia Aqueduct
(1966)
NEPA (1969)
Porter-Cologne Act (1969)
)

Reasonable use doctrine (1928,

* Hanak et al. (2011). “Managing California’s Water. From Conflict to Reconciliation”

<http://watershed.ucdavis.edu/research/waterpolicy.html>

California Wild and
Scenic Rivers Act (1972)

ay-Delta Accord
(CALFED) (1994)

CVPIA (1992)| CALFED
Record of
Clean Water Decision
Act (1972)

Federal
ESA
(1973)
Mono
Lake
decision
(1983)

Era of Conflict

Central Valley
flood
legislation
(2007)
Rejection of
peripheral canal
(1982)
Water policy|
legislation|
(2009),
North Coast rivers
declared wild and
scenic (1981)

Delta Stewardship
Council (2010)

State project
M State and federal project
W Federal project
Local project
Urban area
Agricultural area
~~ River
£ Flow direction
¢ Pump/storage facility
@ Pumping facility
® Hydroelectric powerhouse

Reservoir volume (taf)
s 0-100
A 100-500

/N 500-1,000

/N 1,000-5,000

A
/N

/N 5000+
\

Annual delivery (taf)

2 301-1,500

2 1,501-3,100
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Snowpack
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