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OVERVIEW

*Background
*USNIP
Early Findings
*Recent Discoveries
*Next Generation of Research
*TIme series
*Climate Oscillations
*Climate reconstructions-reanalysis
‘NEON



GCM
predictions
and isotope
calibrations

Spatial
modeling
and
forecasting

US Network
for Isotopes in
Precipitation

Future
Climates

ce cores, tree),
rings and
spelothems
climate proxy
eanalysi

Modern
Conditions:
Isotope-climate
calibrations by
site and region

Past Climates

Collaborations with NADP since 1994 examining the
patterns and processes of precipitation isotope

geochemistry at the continental scale




Hydrological Cycle

Precipitation is the
foundation of the
hydrologic cycle

and has
applications to all
aspects of water
resource use, its
geochemistry is
recorded in climate
proxies and it
controls in large
part the Cand N
cycles

Transport

Groundwater Flow

Multiple processes define the hydrological cycle and several processes are
temperature dependent-evaporation, condensation and precipitation



Applications of stable isotopes In
precipitation

Understanding modern drivers of isotope geochemistry
— Temperature, storm tracks, recycling

Site and region specific climate reconstructions using
proxy records

— lIce cores, tree rings, speleothems, lake vares
Migratory bird forensics
— Wintering locations of Alaskan geese, tundra swans

Long-term monitoring of Ecohydrologic Processes-
NEON-contributions

General Circulation Models
— Hydrological calibrations



Isotopes-Elements with
atoms that have
different numbers of
neutrons

Heavy and light isotopes
behave slightly differently
and thus some processes
(condensation-

|SOtOpe jargon evaporation-

precipitation) favor one
over the other, leaving a
“finger print”
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Mean annual 6180 (parts per mil)

Tropics

Temperate
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Mean Annual Temperature (°C)

Classic Danssgard study
in 1964 depicting
temperature controls on
the 00 values of
precipitation. However, it
was a space for
temperature substitution-
low temperatures from the
Arctic and Antarctic,
warm places-tropics. Not
a record of interannual
variation at one site,
where confounding
variables could be
accounted for in the
analysis.



Global Network for Isotopes in Precipitation-1AEA (International
Atomic Energy Agency)

e

3. Geographical distribution of the TAEA/WMO network stations for which a minimum of one complete year of stable isotope r
vatlahle



weighted mean annual §°0

FIG. 5 Contour map of amount-weighted mean anmial 80 in precipitation derived from the GNIP
database, for siations reporting as of 1997 {see [1]).




US Network for
Isotopes In
Precipitation

(USN | P) Welker et al.

NADP sample analysis
beginning in 1989
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Welker 2000

[ s oricte | : ’

| Niwot Ridge, CO A Morth Platte Stn., hIE. B
ol -
; [ ] =8 = a®® " A -
. &
gat = 1 Hq
-l R U ]
_-l. - E ;.7_ H"\-\.x
& --- '“1,“& -._ii.- - - - - &
- - [« T ' &N
s = * 4 . = ™,
-~ ew é _ - .l.'\'l\.x A
- & -au | ,
A |
| Y ; R R
1983 | -t Ern = 1ge0 i
1830 | LA E I ) |
1901 | ! L |
-3 - 1 1 ] L i | a0 i 1 — — I
a 14 20 20 40 =0 a 1o o 3 40 a
Week Week
Jan. July Ciae. Jdan. Juky Dac.

Figure 7. The "0 values of precipitation (%e) collected at weekly intervals (1 —52) for the site at Niwot Ridge, Colorado during 1989,
1990 and 1991 (A) and for the site at North Platte, Mebraska (B). Precopitation samples were not available for all weeks
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19EQ, 1990 and 1991 (A} and for the site at Georgia Station, (GA (B). Precopitation samples were not available for all weeks
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Long term trend at Niwot Ridge, CO PreCipitation ISOtOpeS track

temperature in the US with high

confidence, but seldom in coastal
regions
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Climate phases and
atmospheric
circulation may be

contributors to
variability in the
_ Isotgpes of
~precipitation

< Trade Winds
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Fig 1. Locaton map of the six ARMoN sample sites in the exstern US at which preapitaion amples were callected. The appraximate Jocgions of the six precpitaton sources are
indicated by the arrows. The actwal 2irmass trajectanes are highly variable for all six of the source categanies (see Fig. 3) .
Sjostrom and Welker 2009



Northern Vermont Precipitation is derived from a multitude of sources
including moisture transported from the Northern and Southern Pacific

Pacific Source




Shifting moisture
sources may be a
principle

component to
accounting for the
spatial and seasonal

variation in the

isotopes in

precipitation across
the US, especially in

coastal regions
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Next Phases of USNIP
Research

Time series-the final frontier
Sophlstlcated climate proxy reanaly3|s using Iong-. ,

e - Mu' ' in precipitation 980 and oD acro 0SS 1he
re SO O(-n-ll-lllllllrillllllb).

Prince William Sound-Alaska
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Pacific Ocean currents
change patterns on
decadal time periods
which shifts the sources
of moisture for the US
and the temperatures of
those moisture sources.
Collectively these
oscillations may
explain in part the
long-term patterns in
the isotopes In
precipitation in the US.
And, subsequent
variation in isotopes in
climate proxies-ice
cores, tree rings,
stalagmites may reflect
this variation

Pacific Decadal Oscillation

N

Monthly PDO Index Values
. o
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Are USNIP sites recording the
differential degrees of annual

climate warming across the
US?-Maybe-

NEON linkages and Climate
Change Monitoring at the
Continental Scale
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Proxy records of climate!

Tree-Rings

Speleothems

Wind Cave NP

Site/region specific 620& dD-
climate relations will be used to
reanalyze climate records.
-higher resolution as opposed to
using global averages

-greater consideration of storm
tracks and climate oscillations
-reinterpretation of past climates
Ice Cores-Fremont Glacier-WY will allow improved forecasting of

future climates




180° 120°W

_
e

60°W 0° 60°E 120°E 180°
- : -

=
-
¥

00

180° 120°W 60°W 0° 60°E 120°E 180°

BT 7 7 [ T T 1

-34 -32 -30 -28 -26 -24 -22 -20 -18 -16 -14 -12 -10

L
iy
IN—
o

Annual average §'%0 (%o)




180° 170°W 140°W 90°W  50°W 30°W 20°W

| w | | | bl iRl sl ol |
(e . 4
' & T Js50°N
50°N |- . : e
v e : “
L B a0°N
"‘" X ¢
40°N T——
30°N
30°N |-
' 20°N
20°N - |
82H (%o) >
0 10°N
10°N |-
=211 0°
| | 1 1 1

130°W  120°W  110°W  100°W 90°W 80°W 70°W

Figure 10

Probabilistic assignment of American Redstart individuals to breeding areas based on the H isotopic
composition of feathers grown at breeding sites and collected on the wintering grounds. Horizontal bars
show the fraction of individuals collected at each wintering site (dots) assigned to each breeding range (colored
polygons) based on feather isotopic composition and an isoscape predicting compositions of locally grown
feathers (background color field). This example shows a pattern of chain migration, wherein birds breeding in

the northern part of the breeding range, for example, tend to migrate to the northern part of the wintering
range. Figure reprinted from Bowen et al. (2009b); data from Norris et al. (2006).




Time series and the role of climate oscillations will be=~
the focus of the program in the future along with
CEREWSS [

records
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