
Understanding grassland responses to climate change: 
An experimental approach

John Blair – Kansas State University
Presented to the GrassNet Summer School, 7 September, 2010



T. Riley and J.A. Klein

Grasslands, rangelands, steppe, tundra, savanna and sh rub-
grasslands cover ~ 40% of the Earth’s land surface

Setting the stage…



Grassland are highly responsive to interannual
variability in rainfall….

- high meristem density / production potential
- moderately high variability in rainfall

Knapp and Smith 2001

Grassland sites



Sala et al. 1988

Regional precipitation gradients can 
drive patterns of plant productivity 

Precipitation vs. production across the Central US
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U.S. Central Plains grasslands are characterized by…

…strong regional precipitation
and temperature gradients

…and high interannual
rainfall variability 
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• Tallgrass prairie is the most mesic of Great Plains 
grasslands, but water limitations are still important

• KPBS is located at the dry edge of the original tallgrass
range and on shallow soils; highly responsive to precipitation 
variability

KPBS

Konza Prairie Biological Station
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Native tallgrass prairie dominated by 

C4 perennial grasses

Andropogon gerardii Sorghastrum
nutans

Schizachyrium
scoparium



Forb species comprise the bulk of plant biodiversity

Mimosa
nuttallii

Echinacea
angustifolia
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Precipitation variability plays a strong role in affecting 
ecosystem processes such as ANPP
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Variation in both temperature and soil water content are also 
correlated with soil CO2 flux in these grasslands

Harper et al. 2005 

Knapp et al. 1998 

JCO2 = (9.65 × e0.068×Ts) ×
[2.12 × (� v – min � v) × (max � v – � v)1.46]



Climate Change Predictions for the Central 
Great Plains

1. Max and min temps are 
expected to increase

2. Increased variability and 
frequency of extreme 
events

Proportion of total rainfall in the US from large ( >5 
cm) rainfall events
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Key Questions:

To what extent will increased precipitation variability alter 
ecosystem processes (e.g., ANPP, soil respiration) in 
“mesic” grasslands?

What are the likely impacts of warmer temperatures alone 
and when coupled with increases in precipitation variability?



� 12 Rainfall Manipulation Plots
(RaMPs) + non-sheltered 
controls

� Collect, store, and reapply 
natural rainfall on intact prairie 
plots

� Treatments include ambient 
and altered rainfall patterns 
since 1998

� Elevated temperature treatment 
added in 2003

The Rainfall Manipulation 
Plot (RaMP) Experiment

Address the impact of changes in 
size and timing of growing 
season rainfall events and 
elevated temperature



Experimental approach

� annually burned 
prairie

� 7.6 x 7.6 m plots
� trenched and lined 

to depth of 1.2 m
� 36 m2 sampling area

� 13 overhead 
sprinklers

� rainfall applications 
rates of 2.5 cm/hr

� storage of 10 cm





Target altered rainfall pattern:  50% longer 
inter-rainfall periods, larger individual rain events  
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Treatments have encompassed a range of
growing season and annual precipitation amounts…
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Mean # events/yr = 8.58 (0.61)
Mean event size = 51.04 (4.26)

Ambient

Altered

Treatment effects on rainfall patterns

1/3 fewer events

3X larger events



Ambient ppt timing: 
• “typical” seasonal 

pattern 

Altered ppt timing:
• more extreme wetting 

and drying cycles
• repeated soil water 

deficits

Key driver of responses:  Soil moisture dynamics
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Rainfall timing alters mean and variability of SWC
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Mean % soil water content (0-15 cm)
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Across all years and all rainfall treatments

CV of soil water content (0-15 cm)
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Response Predictor variable Partial r 2 Model r 2

Total ANPP CV SWC 15cm 0.598 (92%) 0.651

mean SWC 15cm 0.053

Grass ANPP mean SWC 15cm 0.470 (70%) 0.676

mean SWC 30cm 0.103

CV SWC 30cm 0.103

Forb ANPP mean SWC 30cm 0.375 (82%) 0.453

CV SWC 30cm 0.078

Grasses and forbs respond to different aspects of 
soil water dynamics

• Grasses most responsive to mean surface SWC, 
while forbs respond more to deeper SWC

• Potential for long-term changes in community 
composition



Warmed

Warmed

Interactions between altered precipitation patterns and 
increased temperatures?

Warming began 
in 2003 using 
IR lamps in two 
2x2m subplots 
in each RaMP



Warming treatment:  - ­ mean soil temperatures by ~1.5ºC 
- ¯ mean soil moisture by 2-6%
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Warming accelerates “green-up” and early season 
canopy development
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But, warming affected ANPP only under ambient 
timing, where it reduced ANPP by ~10%

Heating effect 
p=0.035



Soil CO2 Flux
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Soil CO2 flux 
responses to 
altered rainfall 
timing and elevated 
temperatures?
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season CO2 flux by 11% across all years 
(consistent with results from 1998-2002; Harper et al. 2005)



Effects of elevated temperature on growing season 
soil CO2 flux?
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Ambient - Control

Soil TC (5 cm)
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Temperature explained less of the variation in 
soil CO2 flux under warming treatment



Treatment Predictor variable Partial r 2 Model r 2

Ambient / Control soil temperature 0.479 (79%) 0.610

SWC 15cm 0.131 (21%)

Ambient / Warmed soil temperature 0.269 (55%) 0.491

SWC 15cm 0.222 (45%)

Altered / Control soil temperature 0.428 (70%) 0.611

SWC 15cm 0.182 (30%)

Altered / Warmed soil temperature 0.312 (61%) 0.510

SWC 15cm 0.198 (39%)

Warming altered the relative importance of soil 
moisture and temperature for CO2 flux

• SWC explained a greater proportion of variation in soil 
CO2 flux and contributed more to overall model fit in the 
warmed treatment



Warming effect varies with growing season rainfall

Growing season precipitation (mm)
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Summary

• More extreme rainfall patterns reduced both ANPP and soil 
CO2 flux in tallgrass prairie (mesic grassland)

• Elevated temperatures reduced both ANPP and soil CO2
flux, though not in all years

• Warming effects on ANPP appear to be mediated by altered 
soil water content, suggesting the impacts of warming are 
primarily indirect in these grasslands and will vary as a 
function of precipitation regimes

• Warming effects on soil CO2 flux vary with annual rainfall 
amount (reduced in dry years, enhanced in wet years), 
suggesting important interactions between future 
temperature and precipitation regimes



Can we apply results from mesic grasslands to 
other climates and grasslands?



Ojima and 
Lackett 2002

Tallgrass

Mixed-grass

Short-grass

Precipitation
gradient

A regional assessment of climate change responses

Jana Heisler-White et al.  2009. Contingent 
productivity responses to more extreme rainfall 
regimes across a grassland biome.
Global Change Biology 15:2894-2904.
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shortgrass steppe, CO

HAYS
mixed grass prairie, KS
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tallgrass prairie, KS

Semi-arid grassland
Extreme rainfall events,
long dry intervals =
reduced ANPP?

With the same experimental 
design, how will these different 
grasslands respond?

Mesic grassland
Extreme rainfall events,
long dry intervals =
reduces ANPP



SGS

Manipulated the distribution of growing season rainfall 

frequent, small events vs. less frequent large events

equal rainfall amounts within each site  

A = 12 events
B = 6 events
C = 4 events
Total = 191 mm

A = 12 events
B = 6 events
C = 4 events
Total = 450 mm

KNZ

Semi-arid Mesic



15% decrease in 
ANPP with fewer large 
events

30% increase in 
ANPP with fewer large 
events

191 mm

340 mm

450 mm

70% increase in 
ANPP with fewer large 
events

Semi-arid steppe

Mixed grass prairie

Tallgrass prairie

Heisler-White et al. 2009



Divergent responses are linked to differential effects of 
extreme rainfall events on mean soil water content

� SWC
by 19%
in arid site

� SWC
by 20%
in mesic
site



• So… different grasslands exhibit divergent 
responses to more extreme rainfall patterns…
important to assess responses across a range 
of grassland types!

• A need for coordinated climate change 
experiments, using common protocols, across  
broad range of grassland types 

Inner Mongolia, China Great Plains, US


