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Groundwater Recharge
local scale

Daily to yearly Decadal to millennial
time scales (moisture time scales (3H, CI' profiles)
probes, applied tracers)

High Plains rangeland
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Groundwater Recharge
Intermediate scale

Unconsolidated surficial aquifers commonly
contain stratified records of ground-water
recharge spanning years to decades or more.
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Groundwater Recharge
Intermediate scale

Decadal time scale (CFC, SF6, 3H/3He profiles)

1000 Y T T T 82) Long Island, NY (Bohlke et al. 2009)
89 83) South Platte, CO (McMahon and Béhlke, 1996)
87) York, NE (Landon et al. 2008)
89) Dutch Flats, NE (Bohlke et al. 2007a)
91) La Pine, OR (Hinkle et al. 2007)
- 92) Abbotsford-Sumas, BC (Wassenaar et al. 2006)
99 93) Portland, OR (Hinkle 2009)
[ 97 97) Cape Cod, MA (Solomon et al. 1995)
° 98) Manchester, CT (Mullaney and Grady 1997)
83 92. 99) Dayton, OH (Shapiro et al. 1998)
°® 100) Detroit, MI (U.S. Geol Surv 2009; Thomas 2000)
600 - =1 101) Ottertail, MN (Puckett et al. 2002)
98 102) MSEA, MN (Delin et al. 2000; Béhlke et al. 2002)
[ 103) MSEA, MN (Delin et al. 2000; Béhlke et al. 2002)
104) Maple Creek, NE (Green et al. 2008a,b)
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Groundwater Recharge
Intermediate scale

Millennial time scale
(14C profiles)

Kansas rangeland
R =6 mm/yr
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Groundwater Recharge
local to regional scales

Yearly to decadal time scales (water balance)

Landscape Characteristics

" Soil and Landuse Eléglfl'ﬁzfmt Type
Soil Water Balance code Lookup Table “Avaiable Water Capacity

(Westenbroek et al., 2009)

Soil Water Retention Table
(Thornthwaite-Mather, 1948,

Climate Data |
(tabular or gridded) Recharge to
T e Groundwater
: (gridded data)

¢

USGS



Groundwater Recharge

Figure 21. Comparison of SWB-estimated recharge to (190-estimated
recharge for basins with drainage area greater than 50 square miles.

Soil Water Balance code
(Westenbroek et al., 2009)

¥=0+.938"X;, R*2=.955

Q90 = stream flow that is
Equaled or exceeded by 90%
Of the flow on record
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Groundwater Recharge

regional scale

Yearly to decadal time scales (water balance)
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Snowmelt Is occurring earlier

Snowmelt Onset Snowmelt Center of Mass

Explanation

Explanation
@ notrend (p>0.1)

@ notrend (p>0.1)

* 0.01 - 0.34 days
* 0.35-0.50
* 0.51-067
/* 0.68-0.89

Average change = 0.4 days/year

David Clow, U.S. Geological al




Relative Strength

What Controls of Correlation
March Air Temp

Timing of Snowme | EXE sy

Calcium
March ppt

Early Melt Late Melt

i Warm temps and
dust promote early
melt

i Spring snowfall
80 100 120 140 160 delays melt

Predicted day of snowmelt onset

= USGS David Clow, U.S. Geological al

Observed day of snowmelt onset



Relative Strength

\What Controls of Correlation

B - Apr Air Temp
Timing of Snowme | tjsiigis
Jun Air Temp
Calcium
log Max SWE

Early Melt Late Melt

i Warm temps and
dust promote early
melt

it Spring snowfall
120 140 160 180 delays melt

Predicted Snowmelt Center of Mass

= USGS David Clow, U.S. GeologicaI—S:.

Observed Snowmelt Center of Mass



How important is dust?

i Calcium can be used
as an indicator of
dust deposition

Calcium ion wet deposition, 2007

it Calcium deposition Is
high in the midwest
and in western
m gy, ) aiieeRg B Colorado and eastern
Utah

PR20 3.2 kg/ha
vio1 1.5 kg/ha

National Atmospheric Deposition Program/National Trends Network
http://nadp.sws.uiuc.edu

= USGS David Clow, U.S.
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Groundwater storage

USGS Home
Contact USGS
Search USGS

i : e .
roundwater Watch

UsGS Groundwater Networks

The USGS has = distributed water database that is locally manzged. Surface water, groundwater, and water quality dats are

relled up from these local, distributed databases into a national information system. The groundwater database contains records
frem about 850,000 wells that have been compiled during the course of groundwater hydrolegy studies over the past 100 years.
Informaticn from these wells is served via the Internet through NWISWeb, the National Water Information System Web Interface.
NWISWeb provides all USGS groundwater data that are approved for public release. This large number of sites is excellent for
some uses, but complicates retrievals when the user is interested in specific networks, or wells in an active water-lavel
measurement program.

U S G S These web sites group related wells and data from these active well networks, and provide basic statistics about the water-lavel

datz collected by USGS water science centers for Cooperative Program, Federal Program, and supplied to us by our customers
G ro u n dW te r through cooperative sgreements.

Active Groundwater Level Network Climate Response Network

Local to regional
scales
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Groundwater storage

Site Statistics
Most recent data value: 66.26 on 11/4/2009

AZITWEN 410 - IS DAE13.331 BLM WELL Period of Record Monthly Statistics for 322323106314701

uUsiGs Depth to water level, feet below land surface
All Approved Continuous & Periodic Data Used In Analysis
Mote: Bold values in the table indicste elosest statistic bo the most recent dite welue.
an
:
&
E 5 Jan 0
E Feb 69.32 69.16 68.68 66.63 62.89 57.60 55.486 13
= Mar 69.60 69.18 6&7.73 65.32 58.83 52.44 46.54 15
§ Apr 69.43 - - - - - 57.23 7
E 60 May 69.42 69.36 68.72 67.34 65.30 60.87 60.65 10
E_ Jun 70.17 70.05 &8.94 67.34 65.64 60.17 59.73 10
Long_term ] Jul 70.06 - - - - - 65.80 ]
E Aug 69.66 69.62 68.70 67.02 65.13 62.24 62.00 10
Sep 70.23 69.98 68.36 62.15 59.52 55.45 49,19 is
N easu re | ents oct 70.18 70.13 69.42 68.16 63.45 60.16 59.44 11
Now 70.08 - - - - - 58.24 7
Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Mov Dec £5.87 - - - - - £6.00 E
208 - 2009 — — -
Plot ereatee 1110/09 14:32 Statistics Options
Esplanation - Percentile Classes
* L L B + & View monthiyear statistics
Duta Point S0 WM BT M. Iebonthly hiedian

Periodic Groundwater Data

A0S 31 470 - 225 D4E 15,551 BLM WELL Summary Statistics for Period of Record Periodic Water

45— : . : : : : . . Levels
USGS Depth to water level, feet below land surface
;' .'a Approved Periodic Water Level Values
5 F m
-E ; 02/22/84 11/04/09 129
d oLl
E B M + T
i Lok &
& Pl b Bow 46.54 03/15/85 70.23 09/20/04
Pt ™ 4 L
H . R Pyt —
u AL ; i iy E[‘ Groundwater Levels Options
or : . T
- * - .
E 63 e+ Cwgd : i; 7] View NWISWeb Groundwater levels page
¥ .
.;, M “* 5% view annual monthly statistics for all data types
m e Y .
E& Download Groundwater levelsin text format
Mobe: The most recent measurement on 11/04/2009 has the following status:

73 L L L 1 L L 1 L L ‘Other conditions exizted that woukd affect the measured water level,

Year Piot created: 14/10/2009 14:33



Groundwater storage

easurements



