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ABSTRACT 
 
The Intergovernmental Panel on Climate Change (2007) established with 90% confidence that anthropogenic 
climate change will result in a warmer world.  In order to more fully understand possible future climate, past 
analogues of warm periods should be analyzed.  The Pliocene epoch is an appropriate analogue because 1.) The 
continents were in their current configuration, and 2.) CO2 levels were comparable to present, possibly as high as 
400 ppmv. In 1999 the United States Geological Survey (USGS) created the Pliocene Research, Interpretation and 
Synoptic Mapping datasets, version 2 (PRISM2), a set of 39 gridded datasets for use as boundary conditions in 
General Circulation Model (GCM) Experiments. Dekens et al. (2007) proxy observations reveals PRISM2 
underestimates sea surface temperatures (SST's) for the California, Peruvian, North African, and South African 
margins. In this study, we modified the PRISM2 SST's to match these proxy observations. The sensitivity of the 
atmosphere to these SST revisions was tested using the National Center for Atmospheric Research (NCAR) 
Community Atmospheric Model, version 3 (CAM3). The experiment  results show  increased  cumulative 
precipitation and humidity in regions where PRISM2 predicted drying.  For North America the predicted 
precipitation increase was in better agreement with geologic proxies indicating wetter conditions.   Correlation of 
model results to geologic data for South America and Africa was more difficult due to the lack of Pliocene proxy 
data for these regions. The patterns of change displayed on wind vector and sea level pressure maps suggest new 
possibilities for Pliocene air-ocean dynamics.   
 
 
 
 
 
 
 
 
The Significant Opportunities in Atmospheric Research and Science (SOARS) Program is managed by the University 
Corporation for Atmospheric Research (UCAR) with support from participating universities.  SOARS is funded by the National 
Science Foundation, the National Oceanic and Atmospheric Administration (NOAA) Climate Program Office, the NOAA Oceans 
and Human Health Initiative, the Center for Multi-Scale Modeling of Atmospheric Processes at Colorado State University, and 
the Cooperative Institute for Research in Environmental Sciences. SOARS is a partner project with Research Experience in Solid 
Earth Science for Student (RESESS).  



SOARS® 2008, Zi Zi Searles,  1 

1. Introduction 
  
 

The Pliocene epoch  (5-1.8 Myr) was 
the last time earth experienced a prolonged 
phase of warming with the continental 
distribution you see today. Anthropogenic 
forcing of the atmosphere may eventually 
return the climate to warm Pliocene-like 
conditions, therefore the Pliocene is ideal for 
understanding a global climate with higher 
temperatures. Identifying climate conditions 
and the physical processes that sustained 
warming during this epoch will contribute to 
our understanding of earth’s near-future 
climate in the context of climate change.  
Pliocene climate information comes from two 
sources proxy observations and modeling 
experiments. Proxy observations tell us what 
the climate was like on regional scales and 
models provide insight into the atmosphere-
land-ocean dynamics that may of persisted at 
the time. The following modeling experiment 
seeks to use proxy observations and models in 
tandem in order to discern what the earth’s 
climate may have been like ~3 Myr ago.  
  
  
 Benthic foraminifera δ18O 
measurements obtained from  Integrated  
Ocean Drilling Project (IODP) marine 
sediment cores reveal two distinct climate 
regimes during the Pliocene (Dowsett, 2007). 
From 5–3 Myr the Pliocene was characterized 
by a warm climate, with annual surface 
temperatures possibly 3° C greater than 
present (Haywood and Valdes, 2004). At this 
time ice sheet  extent was limited to 
Antarctica and Greenland. Around ~3 Myr  
the benthic foraminifera δ18O record shows 
the Pliocene transitioning to a cooler regime 
This climate change coincided with the 
closing of the Central American Seaway 
(Panamanian Seaway) and the onset of 
Northern Hemisphere Glaciation (NHG). 
(Lawrence et al., 2006).  

   
 Of interest to climatologists is the state 
of the Pliocene climate a few thousand years 
prior to the first δ18O isotopic excursion, 
which signals the onset of NHG. The United 
States Geologic Survey’s (USGS) Pliocene 
Research Interpretation and Synoptic, 
Mapping Project (PRISM) was created with 
such a purpose in mind. In the early 1990’s  
H.J. Dowsett and others set out to reconstruct 
the Pliocene with the  data available at the 
time (Dowsett, 2007). The first Pliocene 
reconstruction, PRISM0, used Northern 
Hemisphere proxy data interpolated to an 8° 
latitude x 10° longitude grid. The most 
significant result of PRISM0 reconstruction 
was the documentation of warmer than 
modern SST’s  in both the North Pacific and 
Atlantic. The PRISM data set has been 
updated twice  since its inception in  1991. 
The latest version, PRISM2, includes 
temperature and biome information  from 77 
marine and 74 terrestrial sites from locations 
covering every continent and ocean (Dowsett, 
2007). Using this observational data as 
constraints, Harry Dowsett and others (1999) 
created PRISM2, a set of 39  global dataset 
that assigns sea surface temperatures (SST’s) , 
vegetation cover, sea level, ice extent and 
topography to a 2° latitude  x 2° longitude 
global grid for use by climate modelers.  
  
 Nan Rosenbloom (2008) of the 
National Center for Atmospheric Research 
(NCAR) interpolated the PRISM2 dataset for 
use on the Community Atmospheric Model 
(CAM3). To answer the question of what the 
Pliocene climate was like prior to the onset of 
NHG, the interpolated dataset will be updated 
to include Pliocene SST estimates derived 
from alkenone and Mg/Ca proxies obtained 
from various localities in the Eastern Pacific 
and Atlantic. Dekens et al. (2007) provides 
SST proxy data for seven sites in the Pacific 
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and Atlantic that conflicts with  PRISM2 
estimates of SST’s for the corresponding 
regions (Figure 1). This proxy data will be 
used in place of PRISM2 SST’s at the 
appropriate latitudes and longitudes and 
smoothed over a region.  
 
 This project is concerned with the 
atmospheric response to revised SST’s along 
the eastern boundaries of the  Pliocene Pacific 
and Atlantic Oceans. A popular hypothesis 
posits that the Pliocene Pacific Ocean had 
perpetual El Nino-like conditions. In this 
experiment close attention will be paid to 
wind direction, and wind strength. Given that 
the strength of upwelling is proportional to 
the strength of winds acting upon the surface,  
a weakening of wind strength may have 
implications for explaining the warm Pliocene 
– Modern SST anomalies  observed in  the 
mid and high latitudes (see Figure 2). 

 Besides desiring to understand  how a 
warmer climate might behave in the future, 
Pliocene modeling will help improve the 
ability of General Circulation Models 
(GCM’s) to  simulate future climate.  A 
model’s ability to model past climate 
increases  confidence in a model’s ability to 
simulate future climate. The Pliocene is ideal 
climate to replicate not only because it serves 
as an imperfect analogue for future climate, 
but also because  there is an abundance of 
proxy data  available to help verify the results 
of GCM experiments. As increasing levels of 
atmospheric greenhouse gases move the 
planet  towards and past a tipping point, 
knowledge of the Pliocene climate may prove 
to be indispensable as we humans attempt to 
adapt to a climate  much warmer than the one 
our Homo Sapiens  ancestors evolved in.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Map showing the location of proxy observations and  the corresponding  Pliocene  vs.  
Modern SST anomalies calculated from proxy datasets and NCAR modern SST observations.  
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2.   Methods 
 
 

Table 1: PRISM2 Pliocene Boundary Conditions 
*All values are relative to present 

Sea level   (Dowsett and 
Rosenbloom email 
communication 2008) 

• +35 m 

Sea Surface Temperatures 
(Haywood et al., 2007) 

• Constructed from marine biota proxies from 77 marine sites.  Proxy  
coverage includes sites in the Pacific, Atlantic, Indian Oceans, 
Mediterranean Sea. 

• SST estimates were recalculated based on transfer functions 
calibrating core-top samples and interpolated using the method of 
Adjusted Optimum Interpolation (AOI) 

 

Topography (Dowsett et al. 
2007 and Rosenbloom, 
pers. comm., 2008) 

• North American Western Cordillera reduced 800 m (50% reduction) to 
950 m 

• Alaska ranges 200 m lower 
• Andes 700 m lower (50% reduction) 
• East African Rift 500 m higher 

 

Sea Ice (Dowsett et al. 
2007) 

• Arctic February  ice is similar to modern extent 
• Arctic August is ice free 
• Hudson Bay is ice free at all times 
• Antarctic sea ice is the same as modern 

Ice Sheets • 33% reduction of Antarctic ice sheet 
• 50% reduction of Greenland ice sheet 
• PRISM1 block ice representation with steep sides modified to have 

more realistic topography 

Vegetation • Constructed from fossilized  pollen and plant macrofossils; covers 75 
sites on all continents 
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a. CAM3 
  
 The GCM used in this experiment is 
the Community Climate System Model, 
version 3 (CCSM3) Community Atmospheric 
Model, version 3 (CAM3), developed at the 
National Center for Atmospheric Research 
(NCAR), a sub-organization within the 
University Corporation for Atmospheric 
Research (UCAR). This experiment has a set 
horizontal resolution of 2.75º  latitude x 2.75º 
longitude. This resolution gives a grid spacing 
of 64 km in the east-west direction and 128 in 
the north-south direction for  the mid-latitudes. 
CAM3 is a  
 
T42 spectral resolution model and is 
compromised of 26 vertical layers. The model 
has a timestep of 20 minutes and a radiation 
scheme that represents the effects of 
greenhouse gases, and  aerosols (Otto-Bliesner 
et al., 2005). To simulate a realistic 
representation of the surface heat flux, 
evaporation over land includes the dependence 

of stomatal resistance to temperature, vapor 
pressure, and CO2.  
 
b. Boundary conditions 
 
 Boundary conditions for this 
experiment were supplied by the United States 
Geologic Survey’s (USGS) Pliocene Research 
Interpretations and Synoptic Mapping 
(PRISM) Groups, the PRISM2 2º x 2º digital 
datasets interpolated to NCAR’s 2.75º x 2.75º 
grid, and NCAR’s pre-industrial climatology 
datasets (Table 1 and  Table 2). The PRISM2 
(1999) project created 39 digital global scale 
datasets for use as boundary conditions in 
Pliocene modeling experiments. These 
Pliocene reconstructions provide boundary 
conditions for sea level, sea surface 
temperatures, topography, sea ice, ice sheets, 
and vegetation.  
  
 In addition to the aforementioned 
boundary conditions, PRISM2 prescribes a 
Pliocene atmospheric concentration of CO2 at 
315 ppm, which may or may not be correct. 
Boron and stable carbon isotopes suggest 

Table 1: PRISM2 boundary conditions prescribed for the Pliocene  Z_PRISM and PRISM2 CAM3 
experiments. 

Table 2: NCAR and additional PRISM2 
boundary conditions including trace gas 
concentrations, orbital parameters, and the 
modern SST control dataset 
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Pliocene concentrations at pre-industrial 
values or lower, whereas δ13C and deep ocean 
carbon proxies suggest higher concentrations 
at 360 – 400 ppm (Haywood et al, 2007). 
Given that this experiment uses prescribed 
SST’s the atmospheric response will be fairly 
insensitive to the prescribed  concentration of  
atmospheric CO2.  
 
 Other prescribed boundary conditions 
assigned by PRISM include greenhouse gases 
such as  N2O, CH4 and values related to orbital 
forcing. Boundary conditions prescribed by 
NCAR include pre-industrial ozone and 
sulphate concentrations. The modern SST’s 
used for Pliocene – Modern difference 
calculations is NCAR’s HadOIBI  1949 – 
2004 dataset (referred to as ‘Modern’ in this 
report). 
  
b. Experiment 
 

 The purpose of this experiment is to 
test the sensitivity of the atmosphere to the 

Table 2. NCAR and additional PRISM2  
boundary conditions 

Orbital year 
 

Year 2000 value 

Eccentricity 0.0167 

Solar Constant 1365 Wm2 

CO2 315 ppmv 

N2O 287 ppbv 

Table 3. Proxy observations, Anomalies and Geog

a Source of 
dataset 

b SST’s 
from 
Dekens 
et al. 
(2007) 
Pdata 

°C 

cNCAR 
modern 
for 
approx. 
latitude 
and 
longitu
de 
HadIOLB 
°C 

dPdata -  
NCARmodern 

°C 

eSite fLeg gLatitu

Dekens et  
al. (2007) 

26.4  24.29 2.11  °C 847 138 0° 12'N

Dekens et 
al. (2007) 

23.7  15.25  8.45°C 1014 167 32° 50

Dekens et 
al. (2007) 

23.2  20.52 2.68 °C 1237 202 16° 0'

Groenevel
d et al. 
(2006) 

27.41  27.89 -0.48 °C 1241 202 5° 51'N

Lawerence 
et al. 
(2006) 

25.23 26.26 -1.03 °C 846 138
  

3° 6'S

Herbert 
and 
Schuffert 
(1998), 
recalibrate
d by 
Dekens et 
al. (2007)  
 

24.65  20.35 4.30 °C 958
  

159 23°60

Marlow et 
al. (2000) 

24.77  19.93 4.84  1084 175 25° 31

Table 3: Table of values used to calculate Pliocene – Moder
values are anomalie obtained from subtracting proxy der
2004) SST’s. 
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Figure 2: a. (top)  PRISM2 – Modern anomaly map.  At the time the dataset was created (1999), available proxy 
evidence caused the creators of the dataset to assume that SST’s were not much warmer than modern for the 
indicated regions (Table 3).  b. (bottom)  PRISM2 SST’s with revisions (Z_PRISM). SST’s were updated for the 
California, Peruvian,  North and South African margin. 

 
 
 
  
 

 
   
  
 
   
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
4.  Results 
 
 

 
 
 

 
 

Certain climate variables 
demonstrate a strong response to the SST 
revisions while others do not. With regards 
to global surface temperature CAM3 
predicts a value of 290.07 K for the  

Z_PRISM climate, which is less than 1% 
greater than the 289.97 K temperature 
predicted by the PRISM2 experiment 
conducted by Bette Otto-Bliesner and Nan 
Rosenbloom in 2008. (As mentioned 
previously the USGS PRISM2 dataset was 
interpolated to NCAR’s T42 spectral 

Figure 3:  Z_PRISM (red) global 
precipitation rates  increases over land and 
sea for all months compared to PRISM2 
(blue)  precipitation. 



SOARS® 2008, Zi Zi Searles,  7  
 

resolution 64 x 128 km grid. In the 
following sections results for the 2008 
experiment are referred to as PRISM2). On 
the other hand annual precipitation 
increases by 0.54 cm (0.015 mm/day)  
compared PRISM2. Figure 3  shows that 
global precipitation is consistently higher 
for all months of the year.  The greatest 
increase in precipitation relative to.  
 

 
 
 
 
 

 
 

 
 
 

 
 
 
PRISM2 occurs in the months of June-July 
and September-October 

 
This report will focus on climate 

variables that change with respect to 
PRISM2 results. The following discussion 
section will examine Z_PRISM model 
results and its correlation to available 
geologic climate data for the Mid-Pliocene.  
 
a. Annual surface temperature difference 
 
 A comparison of PRISM2 and 
Z_PRISM results shows that SST revisions 
have a negligible effect on global 
temperatures. Figure 2a and 2b are 
difference maps showing PRISM2 and 
Z_PRISM changes in annual surface 
temperature relative modern. A 
comparison of the two maps reveals few 
temperature differences. Figure 2c shows 
where temperature changed between the 
two datasets. Annual surface temperatures   

change by less than 1 °C in all regions over 
the    continents   with the    exception     of  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Antarctica In the vicinity of Z_PRISM 
SST revisions annual surface temperatures 
increase between  1–4 °C. 
 

Figure 4: a. (top) PRISM2 – Modern annual surface temperatur
Z_PRISM – Modern annual surface temperature difference map. c. (
difference map. Annual surface temperatures over land vary by less
West Antarctica. Z_PRISM SST revisions have a limited impact on gl
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Annual surface temperatures above 
the revised SST’s on the North African 
margin (Figure 2c) demonstrate a small  1 
°C increase in temperature. The cause of 
this lack of warming is related to the small 
number of altered grid cells for this region.  
Future work shall involve updating  SST’s 
over a larger area along the North African 
margin and evaluating  the impact of these 
changes on North African atmospheric 
dynamics. The implementation of these  
revisions will most likely result in 
perceptible increase in  temperature over 
the North Atlantic.  
  

CAM3 predicts a more temperate 
world for both the Z_PRISM and PRISM2 
SST boundary conditions. For example 
South America is cooler in the northern 
half of the continent and warmer in the 
southern half. Northern South America 
cools between 0.1–4 °C compared to 
modern temperatures. The southern part of 
South America demonstrates the same 

numerical trend, but in the direction of 
warming.  
  

North and South Africa are cooler 
in the Pliocene by 0.1–4 °C compared to 
present. The Northern Sahara   and Eastern 
South Africa  regions are the only areas on 
the continent to exhibit a warming trend 
(Figure 4b).  
 

In North America CAM3 predicts a 
2–8 °C  increase in annual surface 
temperatures over western North America 
compared to modern values. Most of North 
America is predicted to have Pliocene 
annual surface temperatures at least a 
degree warmer than modern. On average 
surface temperatures in the Northern 
Hemisphere extratropics (20–90° N) are 
3.5° C warmer than today. 
 
 
b. Annual cumulative precipitation 
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Revisions in SST’s along the 
eastern margins of the Atlantic and Pacific 
oceans results in a global increase in 
cumulative precipitation over the 40 year 
simulation.  Z_PRISM simulates a wetter 
North America compared to PRISM2. 
Figure 5a shows the PRISM2 – Modern 
difference in cumulative precipitation.  
PRSIM2 predicts a decrease in 
precipitation, up to 20 cm in the 
southwestern U.S. and Northern Mexico. 
Figure 5b is a map differencing Z_PRISM 
cumulative precipitation from modern 
rates. Z_PRISM causes  precipitation to be  
greater than modern for much the 
southwest. In the Western U.S, and Texas 
precipitation is still predicted to be less 
than modern. On average cumulative 
precipitation increases a minimum of 10 
cm over much of North America (Figure 
5b).  
 

The Z_PRISM − PRISM2 
difference map reveals that Z_PRISM SST 
revisions   increase precipitation by 5−20 
cm in nearly all areas of the continent. 
Z_PRISM brings 10–30 cm more 
precipitation to western North America 
compared to PRISM2 (Figure 5c).  
  

In the extratropical Eastern North 
Pacific cumulative precipitation increases 
of 20–80 cm are observed in the region of 
revised SST’s. Interestingly there is a 
significant decrease in precipitation in the 
areas adjacent to the area of precipitation 
increase. It seems that SST revisions cause 
the distribution of extratropical Eastern-
North Pacific precipitation to shift from the 
extratropical Central Pacific to the 
extratropical Eastern Pacific. Precipitation 
decreases between 5–80 cm are predicted 
over large areas in the extratropical  
Central Pacific relative to the PRISM2.  
Precipitation decreases up to 30 cm are 
observed in the Central North Atlantic. 

Whether this decrease is attributable to the 
SST revisions needs to be explored (Figure 
5c).  
  

Along the Andean Range  in South 
America cumulative precipitation increases  
up to 20 cm. Precipitation increases in this 
region appear to be topography controlled 
with the exception of the 20 cm increase 
that extends beyond the Andes into parts of 
Uruguay and Paraguay (Figure 5c). The 
Southern Hemisphere has similar patterns 
of marine precipitation increase and 
decrease. Along the Peruvian margin 
cumulative precipitation increases between 
5–80 cm are predicted in the region of 
revised SST's. In areas adjacent to the 
revised  region precipitation is predicted to  
decreases by 0.1–20 cm. Decreases of 20 
cm are also observed at low latitudes in the 
South Pacific. Precipitation decreases 
along the Brazilian coast in the South 
Atlantic, but as before attributing this 
decrease to these revisions remains 
uncertain (Figure 5c).  
  

In South Africa Z_PRISM predicts 
a cumulative precipitation increases of 5–
60 cm in west Angola and Namibia 
relative to the PRISM2 predictions. Along 
the South African margin precipitation 
increases up to 30 cm are observed in the 
revised region over the South Atlantic. 
Once again a precipitation decrease is  
predicted for a large area of  ocean a few 
thousand kilometers east of the revised 
region. Central Indian Ocean precipitation 
decreases by 20 cm. As before  the causal 
link between the revisions and the 
decreases needs to be explored (Figure 5c).  

 
In contrast to other revised SST 

regions North Africa does not demonstrate 
a significant increase in cumulative 
precipitation for reasons discussed 
previously. Only a 0.1–5 cm precipitation 
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increase  is predicted for  the Western Sahara (the region, not the country). 

Figure 5: a. (top)  PRISM2 – Modern cumulative precipitation changes difference map. b. (middle) Z_PRISM – 
Modern cumulative precipitation difference map. c. (bottom) -Cumulative precipitation Z_PRISM – PRISM2 
difference map. Increases in  cumulative precipitation are observed in regions where SST’s  were revised to match 
proxy data. Warmer SST cause significant changes in precipitation in the Northern Pacific, western North and South  
America, the western Sahara  and the Angola and  Namibia regions of Africa.  
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c. Annual average daily precipitation 
 

The PRISM2 − Modern daily 
precipitation map predicts higher 
precipitation for areas in western North 
America, South America, North Africa, 
and South Africa compared to the 
Z_PRISM − Modern results (Figure 6a and 
6b). Increases in daily precipitation rates 
for North America follow the same trend 
as cumulative precipitation with the west 
side of the continent subject to a greater 
increase in rates compared to the east. 
Daily precipitation rates for west North 

America increase by 0.2−0.5 mm/day. A 
smaller precipitation increases of 0.1−0.5 
mm/day is seen  on the eastern side of the 
continent. The Z_PRISM revisions  cause 
a precipitation decrease of 0.1 - 0.2 
mm/day  at 60° N in North America and 
Greenland. Precipitation decreases are  
also predicted  for Mediterranean Europe 
(Figure 6c).   
 

As in North America, South 
American increases in daily precipitation 
are highest in regions with increases in 
cumulative precipitation. Daily 

Z_PRISM − Modern Daily Precipitation  PRISM2 − Modern Daily Precipitation 

Z_PRISM − PRISM2 Daily Precipitation Z_PRISM − PRISM2 Statically Applicable Changes  

Figure 6: a. (top left) PRISM2 – Modern difference map showing changes in annual in daily precipitation. b. 
(top right) Z_PRISM – Modern difference map of annual daily precipitation. c. (bottom left) Z_PRISM –  
PRISM2   difference map. Z_PRISM results in increases in daily precipitation in Western North America, over 
the Andes in South America, Angola and Namibia in South Africa, and  Mauritania in North  Africa. 
Precipitation decreases are predicted for Mediterranean Europe northern North America and Southern 
Greenland. d. (bottom  right) Red shaded areas show the geographic distribution of statistically significant 
results tested to a 10% significance level using a simple Student’s t-test. 
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precipitation increases by 0.2–0.5 mm/day 
along the Andes Cordillera into Paraguay 
and Uruguay relative to PRISM2. 
Elsewhere along the Andes precipitation 
increases by 0.01–0.2 mm/day in response 
to warm Peruvian SST’s (Figure 6c). 
  

South African margin SST 
revisions result in a 0.2–0.8 mm/day 
increase in daily precipitation within parts 
of Angola and Namibia. On the other hand 
the magnitude of change for North African 
daily precipitation is relatively small 
compared to PRISM2 results. CAM3 
predicts a slight increase of 0.1–2 mm/day 
for the Western Sahara (Figure 6c).  
 
 

When Z_PRISM results are tested 
for statistical significance using the 
Student t-test many of the aforementioned 

changes in precipitation are shown to be 
significant at the 10% level (Figure 6d). 
 
 d. Specific humidity 
 
 Z_PRISM predicts  a large increase 
in specific humidity for the Northern 
Hemisphere and a lesser increase in the 
Southern . The following specific humidity 
map (Figure 7) predicts that the Z_PRISM 
Pliocene has higher specific humidity 
relative to PRISM2 in the vicinity of 15°–
40° N. In this region a specific humidity 
increase of 0.1 g/kg  is extends to the 500 
mb level of the atmosphere. At lower 
altitudes, around 800 mb, the specific 
humidity increase is even higher ranging 
between 0.3 – 0.6 g/kg.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 7. Z_PRISM-PRISM2 difference map showing changes to specific humidity by latitude. 
Specific humidity increases by 0.3-0.9 g/kg around the 800 mb level between of 15°–40° N. At 
lower altitudes Z_PRISM predicts  a 0.1–0.3-g/kg increase in specific humidity that extends to 
500 mb. Specific humidity also increases between 10–20° S but less dramatically than the 
Northern Hemisphere. A specific humidity  increase of 0.1–0.3 g/kg is  predicted for the 
Southern Hemisphere. 
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Specific humidity also increases in 
the Southern Hemisphere but at a lesser 
magnitude. Increases of 0.1-0.3 g/kg are 
observed between 10°–30 ° S extending to 
the 800 mb level. 
 
e.  Annual wind velocity 
 
 Revisions in SST’s alter Pliocene 
wind patterns in certain regions of the 
world. Figures 8a and 8b show CAM3 
wind pattern predictions for  both 

Z_PRISM and PRISM2. A comparison of 
the  9a and 9b difference maps  of PRISM2 
– Modern and Z_PRISM – Modern, shows 
that SST  revisions  leads to an 
enhancement of  many of the wind velocity 
trends present in the PRISM2 experiment. 
For example the pattern of  weak winds 
with  stronger winds to the north in the 
extratropical Eastern Pacific becomes more 
pronounced with the  Z_PRISM changes.   

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 8: a. (top) CAM3 wind velocity patterns for ZPRISM. b. (bottom)  
CAM3 wind velocity patterns for PRSIM2.  
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Figure 9: a. (top) PRISM2 –  Modern  annual wind velocity difference map. b. (middle) 
Z_PRISM – Modern  annual wind velocity difference map. Comparing figures  8a and 8b 
reveals that Z_PRISM SST revisions lead to an enhancement of wind velocity trends in 
PRISM2. c. (bottom) Z_PRISM – PRISM annual  wind velocity difference map. The 
Eastern Pacific exhibits the greatest changes in wind velocity. Overall the reversed direction 
of many wind vector arrows reveals that Z_PRISM SST’s result in a sight weakening of 
wind in many areas. 
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Many areas  show a weakening of 
wind velocities. Pacific Ocean wind 
velocities are predicted to  weaken around 
20° N,  55° N, 30° N  and 10°S. North  
Pacific velocities at 20° N  are  lower  by 
2–6 m/s compared to present. At the other 
aforementioned latitudes annual  wind 
velocities   decrease by 3–4  m/s (Figure 
9b).  
  

Other regions show an increase in 
wind velocities (relative to modern). These 
areas include the Aleutian Pacific, 
Greenland Atlantic, the Antarctic,  Chilean 
margin,  and the North Pacific around 30° 
N. Wind speed  increases of 1–2 m/s are 
predicted for the Aleutian Pacific. In 
Greenland wind speed increases up to 3 
m/s. The velocity in Antarctica and the 
Pacific increases between 1–3 m/s.  
  

Figure 9c  is a Z_PRISM − 
PRISM2  difference map that clearly 
shows how SST revisions affect wind 
speed. Z_PRISM North Pacific mid-
latitude  westerlies  and Antarctic 
westerlies are stronger than PRISM2 
westerlies. On the other hand  Z_PRISM 
produces weaker South Atlantic easterlies. 
In the Eastern and Central Pacific winds 
weaken by 3 m/s to  the south and increase 
by 2 m/s north of the decrease area. Wind 
speed velocities show smaller magnitude 
changes along  the North African and 
Peruvian margins. North African Atlantic 
PRISM2 winds are slightly stronger 
Z_PRISM. Wind strength between 30-50° 
S increases in certain areas east o of the 
Chilean coast  Small magnitude  vectors  
indicate that Z_PRISM produces slightly 
weaker winds in North Africa. The 
absence of a vector arrow along the 
Peruvian margin ‘curve’ indicates that 
Z_PRISM and PRISM2 produce wind 
speeds of the same magnitude but in  
opposite directions to each other. 

Z_PRISM winds flow onshore whereas 
PRISM2 winds flow offshore. The 
revisions also produce slightly stronger 
winds in the Pliocene Indian Ocean.  
 
f. Wind stress 
 
 Figures 10a and 10b shows patterns 
of wind stress for the Z_PRISM and 
PRISM2 experiments. Areas of increasing 
and decreasing wind stress correlate  to 
similar changes in wind velocity. Again 
revisions in SST’s result in an 
enhancement of  wind stress patterns 
observed for PRISM2 (Figure 11a and 
11b).  For  Z_PRSIM  CAM3 predicts 0.9 
N/m2 decrease in wind stress in the vicinity 
of  20° N in the East-Central Pacific  
whereas an increase 0.01–0.04 N/m2 is 
observed  in the Pacific at  ~30° N relative 
to modern patterns. Equatorial Atlantic 
wind stress increases by  0.02 N/m2.  Wind 
stress  increases up to 0.04 N/m2  are 
predicted for the Aleutian, Greenland, and 
Antarctic westerlies.  
  

Areas of wind stress decrease 
include areas in the North  Pacific and 
Atlantic and the Pacific east of Papa New 
Guinea. At 40° N in the west Pacific and 
40° N in the  Atlantic wind stress decreases 
by 0.03 N/m2. The Papa New Guinea 
Pacific shows a decrease in wind stress up 
to 4 N/m2 (Figure 11a and 11b). 

 
Relative to PRISM2 the most 

dramatic changes in wind stress  occur in 
the North Pacific. Wind stress decreases at 
30° N  by 0.03–0.06 N/m2  and increases at 
40° N by 0.02–0.06 N/m2.  Stress increases  
of 0.02 N/m2 are predicted for Antartica 
and Chilean margin, and Norwegian Sea 
relative to PRISM2 (Figure 11c). 
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Figure 10: a. (top) CAM3 wind stress patterns for ZPRISM. b. (bottom)  CAM3 wind 
stress patterns for PRISM2.  
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Figure 11: a. (top) PRISM2 –  Modern  trends in annual wind stress. b. (middle) Z_PRISM – 
Modern annual trends in annual  wind stress. Similar to  wind velocity pattern,  SST revisions 
result in an enhancement of   PRISM2 wind stress trends. c. (bottom) Z_PRISM – PRISM2 
modern annual wind stress difference map.  Again the most dramatic change takes place in the 
Eastern Pacific. In many ocean regions Z_PRISM winds are weaker than PRISM2 winds. The 
Peruvian margin under goes a wind reversal due to the SST changes.  
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g. Sea level pressure & tropopause 
temperature 

 
The Northern Hemisphere is 

subject to more sea level pressure (SLP) 
changes than the South. Around 60º N the 
1000 -1004 mb pressure level extends over 
a greater area. Similarly in Iceland the 
992–996 mb pressure level increases in 
aerial extent. The central Pacific  1016–
1020 mb  SLP extends further west. In the 
Southern Hemisphere a  higher SLP of 
1020-1024 mb develops west of Australia 
(Figure 12a and 12b).  
 

The Z_PRISM – PRISM2 
difference map (Figure 12c) reveals a 
variety of changes between the two  

 
 
 

 

 
 

experiments. Z_PRISM SST revisions 
result in a less than 1 mb decrease in SLP 
for the Arctic, and  region between Ronne 
and Ross Ice Shelf in Antarctica. SLP in 
the extratropical  north Eastern Pacific 
decreases up to 2 mb. This area is above  
the region of revised SST’s. 
 

One result that is  unique to North 
America compared to other revised regions 
is that the troposphere cools by 2° C over 
the revised SST’s (Figure 13). Along the 
west coast of equatorial Africa the 
tropopause temperature  increases less than 
1° C. This    figure   is   included    because 
 
 
 
 

 
 
 
 
   
 
 
 
 
 

 
 
 
 
 
 

Figure 12: a. (top left) SLP patterns for PRISM2. b. (top right) Z_PRISM  SLP patterns. SLP  deceases in 
the Northern Hemisphere around 60º N  and between 30º–40º N. In the Southern Hemisphere the Chilean 
Margin SLP patterns extends further west. A small increase in SLP  also develops west of Australia. c. 
(bottom) Z_PRISM – PRISM2 difference map. Global SLP are decrease by at least 4 mb for the Z_PRISM 
Pliocene, with the exception of the region between Australia and Antarctica  which shows a 1–6 mb increase 
in SLP’s. 
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the temperature of the tropopause in 
certain regions might influence 
atmospheric  teleconnection patterns (also 
known as Empirical Orthogonal Functions, 
or EOF’s). Future work will involve a 
more thorough examination of the 
influence of these  patterns on  Z_PRISM  

and PRISM2 climate variability. This 
report will restrict itself to a basic review 
of the results for the Northern 
Hemisphere’s EOF1.  Z_PPRISM displays 
a higher EOF1 variance at 40% compared 
to the PRISM2 variance of 33% (Figure 
14a, and 14b SLP EOF 1). Compared to 

Figure 13: Z_PRISM – PRISM2 tropopause temperature difference map. Tropopause 
temperature decreases by  2° C for the Z_PRISM Pliocene. An increase of 1° C is observed in 
equatorial Africa. In all other areas with the exception of a small anomaly in the Central Pacific 

Figure 14: a. (right) EOF1 correlation diagram for PRISM2. b. (left) EOF1 
correlation diagram for Z_PRISM. 

PRISM2 EOF1 Z_PRISM 
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PRISM2 results, ZPRISM displays a 
deepening of the Aleutian and Atlantic 
lows. A higher temperature correlation for 
Western North America is observed for 
Z_PRISM. The high temperature 
correlation for North Africa  remains but 
weakens slightly.  A higher precipitation 
correlation is predicted for the North 
Atlantic and Pacific compared to PRISM2 
(Figure 14).   
 
 
5. Discussion 
 
a. Model agreement with geologic 
observations 
 
 Proxy data such as pollen, dust, 
fossils, lake sediments, etc., tell us what 
Pliocene climate was like for many regions 
of the world. This section will compare 
Z_PRISM model output to and Pliocene 
proxy observations. The degree of 
correlation between model results and 
evidence is dependent on prescribed the 
boundary conditions, the accuracy of the 
PRISM dataset and inherent model biases. 
 

1.) NORTH AMERICA  
 Geologic evidence indicates that 
annual surface temperatures in North 
America were 2–4º C warmer than modern 
(Haywood et al., 2001). In a world with 
Z_PRISM SST’s CAM3 predicts a 3.4º C 
increase in annual surface temperatures for 
the extratropical Northern Hemisphere 
(20–90º N) relative to modern. Both 
PRISM2 and Z_PRISM results in a 
western North American temperature 
increases between 4–8º C in the Cordillera 
and surrounding regions. This number is 
consistent with paleo-data which suggests 
that surface temperatures in the west were 
2–9º C warmer than present (Salzmann et 
al., 2008). Z_PRISM and PRISM2 also 

demonstrate a northern retreat of the 
freezing line in December, January and 
February to ~50º N. This result is 
consistent with the fossil vertebrate record 
suggesting freezing winters did not occur 
central and southern Great Plains  
(Haywood et al., 2001). 
  
 There is a strong correlation 
between Z_PRISM precipitation and 
specific humidity results and North 
American geologic proxy data. Paleolake 
and pollen records for Texas, California, 
New Mexico, and Nevada indicate an 
enhanced hydrologic cycle during the 
Pliocene. The climate of the southwest was 
such that it could support large stable lakes 
and higher than modern lake levels. 
   
 PRISM2   fails to simulate a 
southwest with wetter conditions. In fact 
PRISM2 simulates a southwest with 
cumulative precipitation that is   10 cm 
lower than present. Haywood et. al. (2001) 
originally attempted to reconcile this 
discrepancy by  proposing  that the cause 
of increased precipitation  was an 
enhancement of the mid-latitude moisture 
bearing  westerlies. This explanation is   
problematic since  both the Hadley 
Atmospheric Model, version 2 (HadAM2) 
and CAM3   show a weakening of  
westerly winds over North America 
(Haywood et al. 2001). Haywood et al. 
(2001)  proposed that the model was 
improperly representing Pliocene wind 
patterns. Revising PRISM2 to match 
Dekens et al. (2007) SST proxy 
observations  solves the humidity and 
precipitation  problem without requiring a 
strengthening of the westerlies. Z_PRISM  
increases in precipitation suggests that the  
Z_PRISM SST’s are indeed a better 
approximation of the true  SST’s of the 
Mid-Pliocene since the dataset simulates a 
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southwest climate capable of supporting 
large stable lakes. 
  
 Haywood et al. (2001) also noted 
that PRISM2 results did not match proxy 
observations indicating more humid 
conditions in the West and the Great Plains 
region. Figure 7 shows a  humidity 
increase between 20º - 40º N. These two 
improvements, the increase in precipitation 
and humidity, strongly suggests that the 
cause of higher North American 
precipitation is not the enhancement of 
mid-latitude westerlies but of warmer 
SST’s  in the North-East Pacific. 

 

2.) AFRICA  
  
 Geologic proxies such as δ18O  ratios, 
dust, and  pollen  indicate  that  the Mid-
Pliocene African climate was  highly 
variable and subject to frequent  high and 
low amplitude climate variability 
(deMenocal,  2004). The 3.4–2.9 Myr 
period was a period of climate transition as 
African biomes oscillated between the 
savannah/tropical  vegetation that persisted 
throughout the Miocene– Early Pliocene,  
and  newer  arid biomes. In a study on the 
origins of the hominoid genus  deMenocal 
(2004) proposes that Pliocene Africa 
speciation may be a product of 
environmental instability. Environmental 
pressures introduced by frequent changes 
in climate may have  caused the  Pliocene  
speciation and evolution of African 
megafuana, including hominoids. The 
proxy record for Africa supports this 
hypothesis. An analysis of dust and δ18O 
ratios for North and South Africa  reveals a 
highly variable climate  characterized by  
step-like changes towards an  equilibrium 
climate characterized by arid conditions. 
Mid-Pliocene African climate is described 

as transitional  because of  evidence of 
recurrent  humid climate cycles. Species 
extinctions and other proxy evidence 
indicate  that the  permanent shift away 
from recurring humid climates occurred 
approximately 2.7–2.5 Myr (DeMenocal,  
2004).  
  
 If Pliocene Africa’s climate was 
highly variable over the 3.4–2.9 Myr 
period validating model results becomes  
difficult. Research needs to done to 
determine whether humid or arid 
conditions dominated climate during the 
time slice. At the moment all we can do is  
speculate based on biome reconstructions.  
 
 
Additional  studies need be done to 
understand the impact that oscillating 
climate conditions have on  altering 
biomes from one type to another. If biomes 
are changing rapidly significantly on 
relatively short time scales  modelers 
should find ways to incorporate this 
variability into GCM experiments. Africa  
could serve as  an analogue to our current 
non-equilibrium climate in which biomes 
are expected to be  rapidly  replaced as the 
radiative forcing of greenhouse gases 
increases. A study of African climate 
variability could  also help scientist discern 
the causes of  high and low amplitude 
regional shifts between wetter  and drier 
climate conditions. 
 

(i) North Africa  
 
 It is difficult to assess the validity of 
Z_PRISM  climate predictions in the 
absence of terrestrial paleodata estimates 
that give  numeric estimates of Mid-
Pliocene cumulative precipitation levels. 
Without information on the persistency of 
African paleo lakes, and other relevant  
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geologic information it is difficult to know 
whether the model is approximating 
geologic reality. Salzmann et al.’s  (2008) 
reconstruction  of Pliocene biomes (3.6–
2.6 Myr) provides limited  insight into 
what regional climate may have been like 
for various parts of Africa. The  Salzmann 
et al. (2008) reconstruction is unique in 
that it uses  proxy data to constrain the 
Pliocene BIOME4 predictive vegetation 
results.  
 
 According to this reconstruction,  
Atlantic North Africa vegetation at ~10º N 
is comprised of tropical deciduous  
forest/woodland. Tropical savannah and 
open conifer forests are s predicted for  
~20º N. Arid desert conditions prevail at  
~30º N. CAM3 predicts a cumulative 
precipitation increase of 0.01– 10 cm for 
western North Africa and a daily 
precipitation increase of 0.01–0.5 mm/day. 
The predicted increases in precipitation 
may or may not be high enough to support 
the  biome predicted by the Salzmann et al. 
(2008) reconstruction. Additional research 
is needed   in this area. 
  

(ii)South Africa  

  
 Z_PRISM results in a  5–60 cm 
increase in cumulative precipitation for 
west Angola and Namibia relative to the 
PRISM2 predictions. Daily precipitation in 
this region increases by 0.2–0.8-mm/day. 
The biome reconstruction predicts that this 
area  was predominantly topical savanna 
with a open conifer forest and desert biome 
of limited extent on the coastline 
(Salzmann et al. 2008). At this time the 
validity of model results for Africa remains 
inconclusive. More African proxy data is 
needed to validate Z_PRISM predictions 
for this region. 
 

3.) SOUTH AMERICA  
 The Cenozoic climate reconstruction 
by Pascual and Jaureguizar (1990) shows 
that Pliocene South America was wet and 
humid relative to modern conditions. 
Humid forests existed as far south as 
Patagonia. Vertebrate fossil evidence 
indicates that  Pliocene fauna were adapted 
to savanna and steppe  like environments. 
Z_PRISM simulated increases in 
precipitation and humidity are consistent 
with Pascual and Jaureguizar (1990) 
evidence for wetter conditions. Again 
numerical constraints on precipitation rates 
are not currently available for this region.  
  
 Proxy evidence  (Pascual and 
Jaureguizar 1990)  also reveals that the 
Brazilian and Central American tropical 
forest biomes of today developed during 
the Pleistocene. Possible future work  
would involve  testing  Z_PRISM with the  
Dynamic Global Vegetation Model 
(DGVM) turned on. Obtaining model 
predictions for soil moisture conditions 
would reveal whether a  steppe biome 
could persist with  increased precipitation. 
The persistence of modern tropical 
rainforests has been shown to be  
dependant on high levels of soil moisture 
(Jones et al 2003). Would Z_PRISM result 
in lower levels of soil moisture despite 
increased precipitation? I suspect not. An 
additional  idea for future work involves  
increasing CO2

 levels to 360–400 ppm 
instead of the current 315 ppm  and 
rerunning the Z_PRISM dataset with the 
changed boundary condition. Such a 
change  might lead to  a simulation that 
yields  higher than modern South 
American precipitation rates with soil 
moisture levels to low  enough to support a 
steppe biome. 
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b. Z_PRISM wind implications 
  
 Wind and atmospheric pressure were 
examined in order to provide insight  into 
the causes of warmer SST’s in regions of 
upwelling. One thing that should be noted 
is that proxy records indicate that  the east-
west  Pacific SST gradient was smaller 
than today. The modern Pacific SST 
gradient is 5–6 ºC. Proxy SST’s suggest 
the gradient was closer to  3 ºC (Dekens et 
al., 2007). There are two possible 
mechanisms  (possibly more) that could 
have sustained the warm SST’s in Pliocene 
upwelling regions. A weakening of 
equatorward winds along the California 
and Peruvian margin  and in the Atlantic 
may have caused the upwelling of warmer 
waters closer to the surface since the 
strength of upwelling is directly 
proportional to the strength of driving 
winds. The  wind velocity results shown  
in figures 9b and 9c support this 
hypothesis.  Reversed wind  vectors 
indicate  weakened  winds for the 
Z_PRISM experiment  on Eastern Atlantic 
and Pacific Ocean boundaries. 
 
 The other way to sustain warm SST’s 
along the eastern margins of oceans is to 
have  more symmetrical surface current  
circulation in the Northern and Southern 
Hemisphere.  Since the model was run 
with fixed  SST’s the possibility of this 
idea won’t be examined here, though the 
idea worth exploring given the  Panama 
seaway was open and the Indonesian  
channel had less islands to obstruct thru-
flow (Lawrence et al., 2006, Markus 
Yokum, pers. comm).  
  
 Marine proxy data for the Pacific 
suggests a Mid-Pliocene west to east SST 
gradient that was less steep than today 
(Dekens et al. 2007). To explain what is 
known about Pliocene SST distribution  

Dekens et al. (2007) suggests a deeper 
thermocline . Did Pliocene winds have any 
role in keeping the thermocline at a 
specific depth? Perhaps. More research is 
needed in this area. Global climate 
dynamics change significantly around  the 
onset of NHG. Perhaps the warm SST’s  
along the eastern boundary of the Atlantic 
and Pacific is a product of higher than 
prescribed  levels of CO2.   
 
 When considering  why Pliocene SST 
at low and  mid-latitudes were higher than 
modern the role that  the  Panamanian  
seaway  and the absence of certain islands 
in the vicinity of modern Indonesia played 
in regulating climate should be discerned. 
Obviously more work needs to be done to 
ascertain the mechanisms which sustained 
the warm climate and caused it’s eventual 
decline. 
 
 
6. Conclusion 
 

SST revisions off the California 
margin and extratropical Eastern Pacific 
cause  a 20 cm increase in precipitation for 
western North America and a 0.3 –0.6 g/kg 
increase in surface humidity for 15–40° N 
latitude relative to PRISM2. These results  
are more consistent with regional geologic 
proxies that indicate a Pliocene North 
American West that was more wet and, 
humid relative to today. This result is an 
improvement over PRISM2 . PRISM2 
predicted a precipitation  decrease of 10 
cm for the same region compared to 
present. The greater correlation to geologic 
data   supports the credibility of the SST 
proxy observations. In the future such 
observations should be incorporated as 
boundary conditions  in the PRISM 
dataset.  
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Precipitation increases predicted 
for South America and Africa are harder to 
correlate  due to the lack of Pliocene 
terrestrial geologic climate proxies. The 
Z_PRISM experiment predicts a western 
South Africa with  40–80 cm more 
precipitation compared to modern. 
Relative to PRISM2 precipitation increase 
approximately 20 cm in the vicinity of  
West Angola and Namibia. Humidity also 
increases 0.1–0.3 g/kg at 10°–30 ° S 
relative to PRISM2.  Additional analysis is 
needed understand whether these results 
suggest a savannah or tropical biome. 
Pliocene biome research  should work to 
identify the dominate biome in Africa 
during the  for the time slice. Identifying 
whether the climate was predominantly 
savannah-like, topical or arid will help 
modelers verify  results against  reality.  
 

Pliocene proxy evidence presented 
by Pascual and Jaureguizar (1990) 
suggests that South America was a wetter, 
humid place. In this respect  regional 
Z_PRISM results showing increases in  
precipitation and humidity relative to 
PRISM2, are consistent with  basic 
information regarding the characteristics of 
a Pliocene South American climate. 
Z_PRISM increases precipitation by 20 cm 
along the Andes Cordillera into Paraguay 
and Uruguay. Once again proxies that give  
numerical estimates of  precipitation would 

be more helpful in verifying experiment 
results. Given the available evidence all we 
can say is the that the  trend of more 
precipitation  appears to be correct.      
 

Fossil mammal evidence indicates 
that the Brazillian and Central American 
rainforest didn’t exists until the Pliocene. 
Future will involve increasing CO2 levels 
to match present day, and run the model 
with the DGVM turned on to see what 
biome is predicted with the changed SST 
and CO2 boundary conditions.  
 

Weaker winds along the Eastern  
boundary of the Pacific Ocean suggests a 
mechanism for the decreased east-west 
SST gradient suggested by the proxy 
record. To fully test this hypothesis the 
PRISM2 dataset should be revised to 
match all proxy observations. A fully 
coupled (ocean and atmosphere) 
experiment spun up to match the new 
PRISM SST dataset  and then run to 
equilibrium conditions would help to 
confirm the weaker Pliocene winds theory.  
 

In addition to running the model 
with the DGVM  turned on and raising 
CO2 levels to 360–400 ppmv, future work 
will  include improving the North African 
SST revisions, and warming  a larger area 
of the Eastern Atlantic by 4 °C. 
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