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Before we start…  

•  LULCC stands for Land-Use induced 
Land-Cover Change; it’s a general term 
for the human modification of Earth's 
terrestrial surface 

•  Refers mainly to conversion of natural 
forests or natural grasslands for 
urbanization and agriculture 

•  Acronyms aren’t always helpful, so we’ll 
go with land change for today… 



Regional importance of land change 
•  Most experiments => land change has a 

negligible global signature 
•  BUT consider intense land change – where it 

has transformed large regions of the Earth’s 
surface => a spatially organized change by 
region 

•  Relevant Research Question: Are climate 
impacts in regions with intense land change 
worth accounting for when exploring the impact 
of other human forcings (ie GHGs) on regional 
climate? 
–  NOT whether land change has a globally-averaged 

significant impact 

Reference:  de Noblet-Ducoudre (2012) 



Changes in crop/pasture extent 

Red: increase in human areas 
Blue: decrease in human areas 

Source:  de Noblet-Ducoudre (2012) 



•  Deforestation decreases ET efficiency and 
surface aerodynamic roughness => tends 
to cause warming by suppressing turbulent 
energy fluxes 

•  Historic land change 
(mainly deforestation) 
tends to increase the 
surface albedo 
resulting in cooling 



•  Seven atmosphere-land models 
•  “a common experimental design to 

explore those impacts of LULCC that 
are robust and consistent across the 
climate models”  

de Noblet-Ducoudré (2012) Intercomparison 



•  Variability from land change > from GHG 
increases 

•  Robust common features: 
– Amount of available energy used for turbulent 

fluxes 

– Changes in response to land change depend 
almost linearly on the fraction of trees removed 

•  No consistency on the partitioning of 
available energy between latent and 
sensible heat fluxes 

de Noblet-Ducoudré (2012) Intercomparison 



Model-dependent land-atmosphere coupling 

•  Model differences (coupling strengths) are related to 
–  Variance of evapotranspiration (ET) over land  how soil 

moisture controls ET 
–  Precipitation parameterizations and its respond to ET changes 

•  Process is not entirely local 
–  Advection and the general circulation of the atmosphere transport 

water and moist static energy horizontally 

•  Land horizontal transports in rivers and by irrigation 

Source: Dirmeyer 2006 

Local Coupling 
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•  Irrigation modifies energy and 
water budgets 

•  Potentially leads to: 
–  Lower temperature 

–  Higher humidity 

–  Increased convection (contributes 
heat to destabilize boundary layer) 

Source: http://www.millenniumassessment.org/documents/
document.291.aspx.pdf 

How has irrigation modified climate over the 
20th Century? 



Irrigation in ModelE 
•  Two 5-member ensemble 

simulations (IRRIG, CTRL) 
•  2° lat x 2.5 °long 
•  Observed SSTs 
•  Irrigation is added as a flux 

to the top of the vegetated 
soil column 

•  Irrigation water/energy 
(withdrawn from lakes/rivers) 

•  If insufficient, then remaining 
water is added to the system 
(fossil water) 
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Seasonal irrigation by latitude band 

Source: Puma & Cook, 2010 

JJA – June, July, August 
DJF – December, January, February 



Seasonal evapotranspiration 

Only land 
changes with a 

p<0.1 significance 
(based on a two 

sample t-test) 

JJA: 
June, 
July, 

August 

DJF: 
December, 
January, 
February 



Seasonal evapotranspiration 

Only land 
changes with a 

p<0.1 significance 
(based on a two 

sample t-test) 

JJA: 
June, 
July, 

August 

DJF: 
December, 
January, 
February 



Seasonal precipitation 

JJA: 
June, 
July, 

August 

DJF: 
December, 
January, 
February 



Seasonal precipitation 

JJA: 
June, 
July, 

August 

DJF: 
December, 
January, 
February 



Seasonal 2m air temperature 

JJA: 
June, 
July, 

August 

DJF: 
December, 
January, 
February 



Seasonal 2m air temperature 

JJA: 
June, 
July, 

August 

DJF: 
December, 
January, 
February 



Regional effects of irrigation 

Source: Puma & Cook, 2010 

IRRIGATION 
CONTROL 
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Why different temperature responses? 

•  Region D: energy controlled -> irrigation does not impact surface 
temperatures 

Evaporative fraction (EF): ratio 
of evapotranspiration to net 
radiation 

Source: Koster et al. 2009 

•  Region C: straddles the two regimes; irrigation can lead to more limited 
increases in Qe and more limited cooling 

Evaporative regimes 
•  Regions A & B: soil-moisture controlled; irrigation generally increases Qe 

and cools surface temperatures 

Qh = sensible heat flux  
Qe = latent heat flux  
Note: Bowen ratio = Qh/Qe  



•  What is the cooling effect of irrigation under 
modern and future greenhouse gas forcing?  
(i.e. is there a masking effect and does it 
change in the future?)  



Irrigation and evaporative fraction 

•  Irrigation impacts on 
surface air temperature 
(MI-MC) related to 
o  Irrigation amount (mm/d, 

indicated by coloring)  

o  Evaporative fraction (EF) 

•  Two periods 
o  October to March  

o  April to September 

Source: Cook, Puma, Krakauer,  2011 



Current irrigation-induced cooling 

Source: Cook, Puma, Krakauer, 2011 

MODERN IRRIGATION (MI) – MODERN CONTROL (MC) 



Future irrigation-induced cooling 

Source: Cook, Puma, Krakauer, 2011 

FUTURE IRRIGATION (FI) – FUTURE CONTROL (FC) 



What’s changed?  

Source: Cook, Puma, Krakauer, 2011 

(FI – FC) – (MI – MC):  
Red indicates cooling effect diminished under future climate;  
Blue areas indicate the magnitude increases under future climate 
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•  Droughts in pre-
Columbian Mesoamerica 
have been linked to 
significant upheavals in 
civilizations 

•  May be linked to 
extensive deforestation 
associated with 
agriculture 

Pre-Columbian deforestation as an amplifier of 
drought in Mesoamerica 



Suggest that 
pre-Columbian 
deforestation 
biased the 
climate towards 
a drier mean 
state and 
amplified 
drought 
conditions in 
the region 
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Simple urban model 

•  Focus on response of 
model to basic urban 
hydrology 

•  Parsimonious approach 
–  Treat as bare soil 
–  Modify infiltration by 

specifying impermeable 
fraction 

–  Specify fixed albedo 
–  Specify fixed roughness 

length (underway – Sud et 
al 1988) 



Urban Albedo 

•  First thought: use 
the NCAR urban 
dataset (Jackson 
et al. 2010) 

•  But… ModelE has 
relatively low 
albedo values from 
the 1983 model! 

Set urban to lowest 
vegetation albedo 

(0.055)  



Urban impervious fraction 

•  Based on road and 
roof fractions 

•  ModelE is sensitive to 
the impervious frac. 
–  Impermeable 

(IMPERM) experiment: 
use NCAR impervious 
fraction 

–  Permeable (PERM) 
experiment: treat as 
bare soil 



Urban areas 

•  Three equilibrium runs (CTRL, URBAN_PERM, URBAN_IMPERM) 
•  1° lat ✕ 1° lon (cubed sphere) 
•  Year 2000 GHG and SSTs 



Precipitation response 

No significance masking 

URBAN_PERM  
minus  
CTRL 

URBAN_IMPERM  
minus  
CTRL 



Runoff ratio (urban cells only) 

URBAN_PERM  
minus  
CTRL 

URBAN_IMPERM  
minus  
CTRL 

Note: scale X 10 

No significance masking 



Maximum daily temperature 

URBAN_PERM  
minus  
CTRL 

URBAN_IMPERM  
minus  
CTRL 

Note: scale X 2 

No significance masking 



Urban temperature response 

Temperature in Northern Hemisphere Urban Cells 

URBAN_PERM - CTRL URBAN_IMPERM - CTRL 
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ModelE Land Surface Model: ‘Mosaic’ approach 

New dynamics 
•  Agriculture/irrigation 
•  Urbanization 

Improved soil column 
•  Plant-water uptake 
•  Multiple columns 
•  Deep soil water 
(aka groundwater) 



Human control of the terrestrial water cycle  

•  Few groups (esp. in 
US) have integrated 
impact of human 
activities 
–  MIROC GCM (Japan): 

couples a water 
resource model (H08) 
with a GCM land 
model (MATSIRO) 



Irrigation and Monsoon Research at GISS 

•  Lee et al (2009) analyzed 
observed NDVI, precip, and 
temp data for 1982 to 2003 

Reference: Lee et al (2009) http://en.wikipedia.org/ 

At GISS, Sonali is currently 
analyzing monsoon 
dynamics with and without 
irrigation  



•  Schaeffer et al., 2005: Potentially enhanced changes 
in extremes compared to the mean 



Information on extremes and climate adaptation 

•  Luber and McGeehin, 
2008: Extreme events 
changes are likely to 
have a more 
significant direct 
impact on society than 
changes in the mean 

•  UNDP’s Low 
Emission Climate-
Resilient 
Development 



Questions? 
Thanks to my collaborators!! 

Thanks to my collaborators!! 
NASA Goddard Institute for Space Studies 
Benjamin Cook, Maxwell Kelley, Igor Aleinov 
The City College of New York 
Nir Krakauer 
NASA Goddard Space Flight Center 
Randy Koster 



Net thermal radiation TOA 



Total net radiation at surface 



Source:  Rotenberg, Yakir; presentation 



Historical land change 

Source: Klein-Goldewijik, 2010 



Potential land change impacts 

•  Masking potential: Suppress the impacts 
of increasing CO2 in some regions that 
cool due to land cover change 
– Miss the detection of a CO2 signal 

•  Amplification potential: amplify the 
impacts of increasing CO2 in regions that 
warm due to land cover change 
– a false-positive detection of a CO2 signal  


