Adaptive management of water resources in grasslands:
Challenges in a changing world
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Droughf Impact Tvpes:

~' Delineates dominant impacts

5= Short-Term, typically less than
6 months (e.g. agriculture, grasslands)

L= Long-Term, typically greater than
6 months (e.g. hydrology, ecology)

Intansity:
[] DOAbnormally Dry

[] D1 Moderate Drought
[ D2 Severe Drought

I D3 Extreme Drought
I C4 Exceptional Drought

The Draught Monitor foclses on froack
scale conditions. Local condfans may
vans See accormpanying texd surmmany for
forecast staterments.

USDA

‘ Hofinsn 4 Bsught Mitigmiian Bemter

http://droughtmonitor.unl.edu/

-.“ “‘_‘:




W@F‘(‘-‘v“;ﬁ e
ST\ ATy

- 1) bl
R et X

o

o - ;!-_ ‘& = -
N EENLTT

@ \ L0




Aug 21, 2012

[ D2 Drought - Severe

I D3 Drought - Extreme
I D4 Drought - Exceptional

National Drought Mitigation Center



Climate change impacts the
hydrological cycle and land-surface ET

LETTER

Recent decline in the global land evapotranspiration
trend due to limited moisture supply

Martin Jung Markus Reichstein', Philippe Ciais®, Sonia I. Seneviratne®, Justm Sheffield, f\/thdLl L. Gouldc,n Gordon Bomm
Alessandro Cescatti’, Jiqguan Chen®, Richard de Jeu®, A. Johannes L)olm n’, We
Sml momture tren ds |[1 QQB—EGDE}

doi:10.1038/nature09396

Nadine Gobron'3, Jens Heinke!', Joh_n Kimball**, Bev erly E. Law'® Lc,omirdo a
Keith Oleson®, Dario Papale'®, Andrew D. Rich: l_rdsonm Olivier Roups ard?®,
Ulrich Weber', Christopher Williams®, Eric Wood®, Sénke Zachle' & Ke Zhar
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[ Mot signifi cant
Reduced soil moisture has reduced [ No data
global ET since 1997.
Reduced SM reduces the ‘buffer’ b
between atmosphere and land >

surface, increasing air temperatures.

Warmer temp.'s with less SM will
reduce ecosystem productivity.

Jung et al. 2010 Nature 467:951-954



Re-occurrence of Kansas Dust Storms?
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2004, 2011, 2012

Can we predict and effectively respond to future droughts?



Water resource management in grasslands

i. current and projected water budgets for grassland
systems,

ii. the impacts of water stress and drought on
grassland productivity and stability, and

iii. potential strategies to maintain viable grasslands
and their goods and services.




Global grassland distribution

"

Dixon et al. 2014 J. Biogeography 41:2003-19




Grasslands, grazers, and humans
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Grasslands and Agriculture in the U.S.
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Projected change in number of hot days

Historical Climate Lower Emissions (B1) Higher Emissions (A2)
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http://nca2014.globalchange.gov/
Fig. 19.2 — National Climate Change Assessment Report 2014



Change in consecutive dry days

Historical Lower Emissions (B1) Higher Emissions (A2)

Number of Consecutive Days Change in Number of Consecutive Days
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http://nca2014.globalchange.gov/
Fig. 19.5 — National Climate Change Assessment Report 2014
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photo by: Eva Horne
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Temperate grassland hydrological cycle reflects rainfall amount and timing

Future ?
increased event sizes, decreased frequency, altered seasonality, increased air temperatures
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How does water stress impact grassland
productivity and physiology?

S 1400 . . . . . . 1400 : ; ;
s - st thin-soil - d -soil
= 1200F maaw S IN-SOlI 1200 eep-sol
=2 ———— 2012
= 1000F | 4. 1 1000 |
| 8 2013
| & so0f 800 |
g 600 - 600 |
O 400} 400 F
N o
) 200} 200 | ¥
2
(e 0 - . . . . : :
O 55 1w 160 a0 0 20 20 20 1% i e e o e i ko
Day of Year
Annually-burned grassland, Konza Prairie — eastern KS, USA
Sept., 2008 Sept., 2012
ANPP —1000 g m=2 —yr ANPP —400g m?2—yrt

+25% annual rainfall -50% annual rainfall



How does water stress impact grassland
productivity and physiology?

Drought tolerance
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Craine et al. 2013 Nature Climate Change 3:63-67
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Nippert & Holdo in press Functional Ecology



Major Challenges
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New

A new look at water transport regulation in plants

ECOLOGY LETTERS i

Ecology Letters, (2014) doi: 10.1111/ele.12374
LETTER Global analysis of plasticity in turgor loss point, a key drought
tolerance trait
= . of
Global Change Biology . .-
— -
Global Change Biology (2014) 20, 1992-2003, doi: 10.1111/gcb.12498 lic
on

Physiological advantages of C, grasses in the field: a

New
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Anticipating changes in variability of grassland production
due to increases in interannual precipitation variability

JoaNNAa S. HSUI'T AND P’ETER B. ADLER
Department of Wildland Resources and the Ecology Center, Utah State University, Logan, Utah 84322 USA

Citation: Hsu, J. S, and P. B. Adler. 2014. Anticipating changes in variability of grassland production due to increases in
interannual precipitation variability. Ecosphere 5(5):58. http://dx.doi.org/10.1890/E513-00210.1

Abstract. Expected increases in interannual precipitation variability due to dimate change will lead to
increases in the variability of primary production, with potentially important consequences for natural



Major Challenges
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COMMENTARY:

The global groundwater crisis

1. S. Fami Percent Change in Saturated Thickness, Predevelopment to Average 2011 - 2013,
e ‘ Kansas High Plains Aquifer
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Greater Sensitivity to Drought
Accompanies Maize Yield

Agriculture, Ecosystems and Environment 193 (2014) 37-41

Contents lists available at ScienceDirect

journal homepage: www.elsevier.com/locate/ag

Agriculture, Ecosystems and Environment
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Short communication

Spatial heterogeneity stabilizes livestock productivity
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Climate Change Impacts
on Global Food Security

Tim Wheeler™?* and Joachim von Braun®

Climate change could potentially interrupt progress toward a world without hunger. A robust and
coherent global pattern is discernible of the impacts of climate change on crop productivity that could
have consequences for food availability. The stability of whole food systems may be at risk under
climate change because of short-term variability in supply. However, the potential impact is less clear at
regional scales, but it is likely that climate variability and change will exacerbate food insecurity in
areas currently vulnerable to hunger and undernutrition. Likewise, it can be anticipated that food access
and utilization will be affected indirectly via collateral effects on household and individual incomes, and
food utilization could be impaired by loss of access to drinking water and damage to health. The
evidence supports the need for considerable investment in adaptation and mitigation actions toward a
“climate-smart food system” that is more resilient to climate change influences on food security.

lenges of our time (/). Hunger has multi-  short-term shocks on food access, to chronic short-

T ackling hunger is one of the greatest chal-  deficiencies in macro- and micro-nutrients, through
ple dimensions and causes, ranging from  ages. Causes range flom constraints on the supply

508 2 AUGUST 2013 VOL 341 SCIENCE www.science

dorf?,

PRODUCTION

Improved
cultivars
Sensitivity to
drought
Grassland
management
P system
resilience




CHANGE RESPONSE ~ OUTCOME

P Flood [

Altered precip.
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Altered Failed
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GRASSLAND SUSTAINABILITY WILL REQUIRE -
NEW METHODS NEW GENOTYPES NEW CROPS




Next &

Frontiers?

* @Greater ET than annuals
But,

* more water available
* no tillage,
* increased soil structure,
° increased SOM,
* incr. water holding
capacity
* During bad years, crops
used for forage
* Potential for niche
partitioning maximizes
total water-use

www.landinstitute.org




Strategy for Adaptive Management

Grassland mgt will require:
Balanced goals
Effective communication

Ecological Services

s 3 * Improved efficiency
‘ [} ] ]
& S ntensification
3 ) T
N 2 nterdisciplinarity

* Novel solutions
7A e Social investment

"37///////// Agriculture

Management



Thanks!

e
KONZA PRAIRIE
BIOLOGICAL STATION

Eco-phys Lab  John Blair
Kim O’Keefe John Briggs

Troy Ocheltree
Zak Ratajczak

Tim Crews

Ricardo Holdo



