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ABSTRACT
The Diurnal Cycle of Precipitation plays an important role in the world’s climate, as it is a
representation of the timing of maximum precipitation around the world. Climate models,
however, tend to have issues in simulating the Diurnal cycle of precipitation (DCP), primarily
accurately representing the time of maximum precipitation. Two models were used in this study,
Community Atmospheric Model 5 (CAM5) and the Iowa State University Global Climate Model
(ISUGCM), were evaluated. CAM5, the control model, used a CAPE (Convective Available
Potential Energy) parameter with a threshold at which convection is triggered once CAPE values
exceed this threshold, compared to the ISUGCM which focused more on the change of CAPE by
the large-scale advection of temperature and moisture. The output from these two models for the
summer months (JJA in the Northern hemisphere and DJF in the southern hemisphere) for tenyear (1980-1989) simulations. In areas that are largely affected by large-scale advection such as
the central plains of the United States, eastern China, and central South America saw the largest
deviance between the timing of maximum amplitude of the DCP where CAM5 had maximum
amplitude occur in the late afternoon when maximum CAPE typically occurs. ISUGCM had a
maximum amplitude occur in the late nighttime hours at these locations, which ran consistently
with satellite data of maximum precipitation occurring in the late overnight. The ISUGCM also
had more accurate output precipitation on a global scale closer to satellite data but also introduced
more variation in the output. The use of CAPE changed by large-scale advection in depicting
convection is important for better simulating the DCP. With a better representation of the DCP in
these areas, better climate simulations will be possible for better describing the DCP.
______________________________________________________________________________
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1. Introduction

events, such as convections caused by surface

During the summer months in the central

forcing in areas such as the South Eastern

plains of The United States, it is common to

United States (Liang et al. 2004).

experience overnight precipitation events.

The United States is not the only area affected

When modeling the diurnal cycle of

by a DCP. The Tibetan Plateau in China

precipitation (DCP) of these events using a

undergoes a similar event, where the upper

Global Climate Model, or GCM, studies have

Yangtze River Valley experiences a diurnal

noted discrepancies in the model output in

peak at midnight and propagates east into the

these scenarios compared to data.

morning hours in the central Yangtze valley,

The DCP in the central United States is a

and finally a peak in the late afternoon in the

result of an oscillation pattern in a 24-hour

Yangtze valley basin (Zhou et al. 2008) (Yu

period starting from the Rocky Mountains

et al. 2007). The two events are linked in that

propagating eastward. These events tend to

the DCP begins in a mountainous area and

have nocturnal maxima in the central United

propagates eastward, from the late afternoon

States, and diminish in the morning hours,

hours at the source and ends in the early

ranging in longitude from 105° W to 85° W

morning hours (Carbone et al. 2002, Yu et al.

before decaying (Carbone et al. 2002). These

2007). It is crucial to detect these movements

oscillating patterns are caused by forcing

from mountains to best depict DCP events

along the Rocky Mountains by gravity waves

with accuracy.

within a planetary boundary layer (Carbone

A key distinction in DCP events is the timing

et al. 2002), along with potential vorticity

of the year these events occur. In the northern

anomalies generated by heating in the

hemisphere, Dai et al. (2007) noted that in

Rockies (Li and Smith 2010). One further

standard winter months (December, January,

mechanism in systems originating from

February),

mountainous regions is daytime heating in

the

diurnal

frequency

and

amplitude were relatively weak within 30%

these regions (Yu et al. 2007). These

of maximum. This weak maximum will be

mechanisms are essential in allowing for

much more difficult to detect due to not as

convection in DCP events for mountainous

much convection available, compared to

areas, as upper air motions help propagate

summer months where amplitudes are closer

systems eastward. Other areas are affected by

to a full 100% strength (Dai et al. 2007).

different mechanisms in modulating DCP
2

These summer months are crucial in denoting

precipitation and magnitude of these events

DCP events as with a stronger amplitude,

and lead to larger errors (Sato et al. 2009,

DCP is at its maximum intensity and plays a

Dirmeyer et al. 2012). A 14 km resolution run

more significant role in precipitation events.

within NICAM has a three-hour delay in
modeling diurnal peaks compared to 7 km

Modeling climate data for DCP events has

resolution runs over land (Sato et al. 2009).

proven difficult for several standard climate

Over open waters, these differences are

models. The Community Climate System

significantly reduced, resulting in more

Model or CCSM2 has been reported to suffer

uniform nature (Sato et al. 2009).

from biases in detecting seasonal-mean cloud
detection in various parts of the world,

It was also noted that various parameters in

having overestimations around 15% in the

models focusing on diurnal activities could

equator and underestimate the amplitude in

cause some discrepancies in errors. In studies

the mid-latitudes between 10%-30% (Dai and

that analyzed schemes relating to the Diurnal

Trenberth 2004). This overestimation over

Cycle of clouds, large errors were found in

midlatitudes is due to the model extending

mechanisms such as radiation, which leads to

daytime convection over land and not

larger errors over land (Yin and Porporato

simulating cloud cover accurately, leading to

2017). Modeling diurnal events all tend to

early development of systems (Dai and

have

Trenberth 2004). Because of the errors in the

mechanisms that are involved. Various

amplitudes, the errors in daytime convection

schemes play a role in the modeling of DCP

will lead to skewing in precipitation

events.

predicted.

schemes are important for simulating diurnal

several

issues

Cumulus

in

and

modeling

cloud

the

resolving

activity, such as the Grell scheme which

Another model prone to model error is the

simulates the nocturnal aspects of diurnal

Non-Hydrostatic Icosahedral Atmospheric

activity in the central plains as systems

Modal (NICAM), which has better results in

propagate

its modeling when allowing for cloud

eastward

from

the

Rocky

Mountains (Liang et al. 2004). However, this

convection in phase with the DCP. This

scheme does not accurately simulate other

model tended to perform best in areas with

areas better depicted in other models such as

sea breezes in convective parameterization.

the Kain-Fritsch scheme, where it provides

However, the model exceeds the total

better representation for forcing caused by
3

the moist gulf (Liang et al. 2004). The

models have different schemes in resolving

difference in schemes shows the difficulty in

the overall mechanisms within simulating

modeling DCP events in different areas of the

DCP events.

world

experience

different

forcing

a. Domain of study

mechanisms, which leads to significant errors
The study focused primarily within three

between models.

areas, the first area being in the central plains
The focus of this research is to investigate the

in the United States, the second being in areas

accuracy of climate models that utilize a

along the Yangtze River and the Tibetan

convection scheme in modeling DCP events

Plateau in China, and in South America in

during the summer months of JJA (June, July,

areas that are east of the Andes Mountain

August) in eastern China and the central

Range. Figure 1 shows the general regions of

United States, and the winter months of DJF

interest highlighted on the map, along with

(December, January, February) in central

geological features in the regions. These

South America. The study will use two

areas are the primary areas of interest because

different models, Community Atmospheric

previous studies have noted that these areas

Model version 5 (CAM5) and Iowa State
University

Global

(ISUGCM),

that

Climate
use

have discrepancies in model output compared

Model

to actual events (Covey et al. 2016, Sato et al.

different

2009, Lin and Porporato 2017). Investigating

parameterizations for convection closure

these areas will be important for investigating

assumption and triggering in areas that have

the mechanisms that will lead to better

greater errors in DCP modeling. With a better

simulations of DCP for climate models.

understanding of the DCP and the importance
of convection representation, improvements

b. Control model: CAM5

in climate modeling will be a possibility.

The first model, CAM5, was chosen as the

2. Data and Methods

control model because of the schemes used
and provides a basis for the ISUGCM

Two different models were used for this
study,

a

base

model

known

as

schemes. The model, similar to a study by

the

Maingin (2013), utilizes a 2.8” x 2.8”

Community Atmospheric Model version 5.0

horizontal grid and 18 vertical sigma layers.

(CAM5) and the Iowa State University

The model determines cloud droplet sizes to

Global Climate Model (ISUGCM). The two

be analyzed, which varies in diameter with
4

around 10 µm radius in areas of water and

associated with CAPE maximums, such as

over land the radius threshold varies

during the overnights. The final major

depending on the region and geographical

parameterization used is the use of creating

features. Deep convection of systems is run

different cloud category types to divide

using a Zhang and McFarlane (1995) scheme

different cloud types to simulate total cloud

that sets a key threshold of Convective

amounts. These total parameterizations were

Available Potential Energy (CAPE) to be

used to create this model, which will be used

reached before convection begins. This

as a comparison in the total importance of

allows for deep convection and maximum

convection in DCP modeling.

precipitation to occur once maximum CAPE

d. Simulation years

is normally reached, which is in the late
For this study, the output of these two models

afternoon.

forced
c. Experimental model: ISUGCM

by

the

observed

sea

surface

temperatures during the timeframe of 1980-

The other model, the ISUGCM, uses a

1989 was used. The periods that were

modified version of the CAM5 model with

investigated in each year was the summer

some key adjustments. The model uses

months for each hemisphere, JJA in the

identical schemes and parameterizations

Northern Hemisphere and DJF in the

mentioned in Mangin (2013). The first major

Southern. This is due to the maximum diurnal

change is the resolution in radiation within

frequency and intensity during summer time

cloud schemes, which is used to account for

months (Dai et al. 2007). This allows 900

different cloud properties developed by

total days of data used for each hemisphere to

Liang and Wang (1997). The second and

run the simulations.

more important characteristic is a revised

e. Satellite data

Zhang and McFarlane schemes, which
instead of setting a trigger CAPE value for

The series of data for precipitation frequency

convection in a parcel, it ties together

obtained from satellite data during this time

instability in the atmosphere to moisture

frame were compared to the model outputs.

advection. This allows for the development

The two main satellites used in the study were

of systems in the model that would occur in

the GPCP and the TRMM. The average

time

precipitation per day, obtained from these

frames

that

are

not

commonly

data sets were compared to the output from
5

the two models. The satellite data was used

evening hours when CAPE tends to begin to

as a representation of overall surface

stabilize, the amplitude begins to decrease at

precipitation frequency, as mentioned in

a rate until during sunrise at 7:00. The

Zhou et al. (2008), and while there are some

ISUGCM depicts a different behavior,

slight biases in satellite data, the use of the

having a bimodal peak in amplitude at 16:00

ten-year average helped in mitigating some

and a second at 2:00, which runs consistent

of the effects.

with what was found in Zhou et al. (2008).
The afternoon peak runs more in line with

3. Results

CAM5 with the destabilization of the
The aspects of the DCP was analyzed within

atmosphere, but the nocturnal maxima

this ten-year period to identify key features

varied greatly from CAM5, in which this

between CAM5 and ISUGCM, focusing on

maxima is run directly from larger scale

the amplitude of DCP and precipitation,

advection. The larger scale advection that

which is broken into two subsections.

plays a role within the region is tied with a

a. Timing of maximum frequency and

low-level jet from the China Sea that brings

amplitude

in moisture and instability into the region
(Wei et al. 2013).

This subsection focuses on the amplitude of
DCP activity and the key timing of these

One part used as a comparison in the

events.

southern parts of the United States, in an
area that is not as affected by advection such

Figure 2 shows the JJA timing of a location

as a low-level jet in the center parts of the

in eastern China comparing the amplitude of

Midwest as a control area to investigate

the DCP between the two base climate

amplitude differences. Figure 3 depicts

models. CAM5 from this figure shows a

CAM4 along with CAM5, both of which use

distinct major peak intensification in

a similar convection scheme that closely ties

amplitude at around 9:00 local time and

in CAPE at a time to convection, which

having to distinct peaks, one at 11:00 and

shows a similar result to Fig. 2 for the

the primary peak at 18:00. This model runs

timing of maximum amplitude of the DCP,

consistent with the general scheme of

in the afternoon hours. For the ISUGCM,

convection run in CAM5, which closely ties

the timing of maximum amplitude is at a

in CAPE on the local level, as during the

similar time as the CAM models, in the
6

midafternoon. One major difference

DCP having an increase during this

between the models is the amplitude

timeframe while the CAM models had a

themselves, which the CAM models ranges

minima at that time. This area, while not

from 10% upwards to 60% over the

directly influenced by a low-level jet, has

amplitude of ISUGCM. Figure 4 also

some effects from nocturnal activities

continues to show this trend as an average of

nearby.

all areas between latitudes 25N and 55N.

Figure 6 compares the CAM4 and the

CAM 5 and ISUGCM both had relative

ISUGCM on the local timing of maximum

similarities in the timing of maximum

amplitude of precipitation on the global

precipitation frequency, but vastly different

scale. As what Fig. 3 showed CAM4 and

amplitudes. More about the reasoning

CAM5 have similar timings of maximum

behind the differences in amplitude will be

precipitation and frequency in similar

discussed in section b.

locations, along with similar convection

The next area of investigation is in South

schemes that were used. In the overall

America, where Fig. 5 looks in an area in

comparison, there are some similarities and

southern South America. While this area is

differences between the models. In the

not in an area commonly associated with a

central and eastern parts of the United

low-level jet and resulting precipitation, it is

States, CAM4 had the maximum

near the coast where moisture sources of a

precipitation frequency occur in the middle

low-level jet are prevalent (Marengo et al.

of the day, between 12:00 and 14:00 local

2002). In Fig. 5, CAM4 and CAM5 follow

time. The ISUGCM had most of the

similar trends, also having a maxima in the

precipitation also occur in the afternoon,

afternoon hours around 12:00 local time in a

albeit a little later. The main area that shown

time of general maximum instability. A

difference was in the mid to upper Midwest

minima occurs in these models in the early

with a nocturnal maxima, which vastly

morning in amplitude. The ISUGCM

deviated from CAM4’s mid-afternoon peak.

follows a mostly similar trend in the

In an area in Eastern China, especially

afternoon, where maximum amplitude

between the Tibetan Plateau and the Pacific

occurs, though at a slightly later time of

Ocean, a strip at around 95E had a nocturnal

16:00. A minima can be observed at around

maxima compared to CAM4’s daytime

midnight local time, with the amplitude in

maxima. In the central parts of South
7

America at around 20S, a narrow band can

around 100E to 110E similar to the results of

be seen that has a nocturnal maxima in

the ISUGCM. As mentioned earlier, this

ISUGCM. Figure 7 is used as a comparison

little subsection of nocturnal maximum is in

between the models to data from TRMM

a region affected by a low-level jet from the

used in Dirmeyer et al. (2012) as a

China Sea (Wei et al. 2013).

reference.

Branching out to the center of the United

Figures 8 and 9 are a localized comparison

States, Figures 11 and 12 continue to show

in eastern China along the 30-31N latitude

discrepancies just east of the mountain range

to compare CAM5 and ISUGCM

for CAM5 and ISUGCM. For CAM5, a

respectively. CAM5 tended to have a

distinct peak is shown at most latitudes in

maximum amplitude in DCP at around

this range at around 16:00 or during the

16:00 local time along the entire longitude

timeframe of maximum CAPE and

band, which follows along the timing of

instability. The areas of maximum diurnal

maximum CAPE. One minor detail is that

amplitude are at 105W and a minor peak at

from 80E to 95E, CAM5 depicted a

80W. The ISUGCM however, shows a

secondary minor peak amplitude between

different characteristic of this event. The

0:00 and 4:00. This area is also within the

legend for this graph, while not consistent

Tibetan Plateau. ISUGCM agrees somewhat

with other similar graphs, shows the location

in the mountainous region, with having peak

of maximum amplitude at 105W during the

amplitude occurs from 16:00 to 22:00. Once

late afternoon, and deviations to the east

east of the mountains beyond 100E, the two

with the maxima from around 100W through

models diverge, where CAM5 has maximum

87W occurring between the timeframe of

amplitude occurred at 16:00, but ISUGCM

0:00 and 8:00, during the overnight when

has a maxima from 100E to 110E where the

CAM5 depicts a minima. The ISUGCM

timing of maximum amplitude is between

runs consistent with the satellite data from

22:00 and 4:00.

Dirmeyer et al. (2012) in Fig. 13. At the
mountainous areas around 105W, the time

Comparing the two data sets to Fig. 10,

consisted at around 15-18 local time for

derived from Dirmeyer et al. (2012), shows

maximum amplitude and a sharp cutoff with

the daytime maxima in the Tibetan Plateau,

a nocturnal maxima in the central plains

while also shows the nocturnal maxima from

around 95W. The maxima depicted in Fig.
8

12 with the ISUGCM at 95W is caused by

ISUGCM. A slight band at 65W shows a

the advection of energy from the presence of

maxima in the early morning hours. The

a low-level jet that fuels overnight storms

model from the satellite data does begin to

(Dirmeyer et al. 2012).

diverge after 70W, where the timing of
maximum precipitation is at a later point

South America also showed a contrast

than the satellite data offset by a couple of

between the mountainous areas to the lower

hours. Again, like Eastern China and the

plains. Figure 14 shows CAM5’s simulation

central United States, this portion east of the

of the DCP in South America from the

mountain region is affected by a direct feed

Andes Mountains from 70W to the coast

by a low-level jet from the Atlantic Basin

eastward. The maximum amplitude within

(Marengo et al. 2002)

the locations also depicts the maxima
occurring at around 16:00, with two minima

b. Effects on precipitation

locations where the amplitude of DCP is

While it is important to investigate the

much weaker than the late afternoon peak, at

timing and amplitude of maximum

62W and 44W. This is contrasted in Fig. 15

precipitation frequency, it is also important

where at the two bands in CAM5 that had

to investigate the impacts in measurable

their minima occur at nighttime was where

precipitation between these models. Figures

ISUGCM had the local maxima. In the

17 and 18 compare CAM5 and ISUGCM,

Andes Mountains area, a maxima occurs at

respectively, to GPCP satellite data during

around 18:00 and beyond the mountain

JJA and runs a mean and root-means-square-

regions, the maxima occur at 4:00 local

error (RMSE) between each model and

time. Figure 16 depicted the average timings

observations. CAM5, when compared to the

of maximum precipitation in a day, from

satellite data, resulted with a global mean

Dirmeyer et al. (2012). While the graph was

error of .43 mm/day and global RMSE of

constructed for the JJA months and given

1.59. This is compared to the ISUGCM

the general deterioration of DCP amplitudes

which has a lower mean of .32 mm/day, but

during summer months, it was used as a

greater variability with an RMSE of 2.21.

general basis and given the proximity to the

Figures 19 and 20 which depicts the same

equator to compare. From this figure, a late

models during the winter months had a

evening early overnight maxima occur in the

similar result, with ISUGCM having a lower

mountainous region, similar to the
9

mean than CAM5 but also resulting in a

the Pacific are much less frequent than

greater RMSE. The lower mean between the

CAM5. Figure 22 contrasts this when

months is an improvement in overall

looking at larger raindrop size, as CAM5

average precipitation per day, but the greater

generally has much less precipitation

variability is a trade-off. The resolving of

frequency for the larger drops compared to

convection in the ISUGCM could prove as a

ISUGCM and TRMM, which the ISUGCM

potential solution. However, the ISUGCM

and TRMM had similar results for large

also utilize other parameters in cloud-

drops like small drops. The convection

resolving and radiation schemes used in

parameters play a large role within the

Mangin (2013), but the overall impact for

biases within CAM5. With the convections

the large-scale advection is important.

triggered once instability reaches a
threshold, this would, in turn, allow for

With Fig. 4 showing a general

precipitation. This creates a soft cap, which

overestimation in the amplitude of

would neglect any significant deep

maximum precipitation frequency, and the

convections. Instead, the result would have

greater mean precipitation with CAM5

smaller raindrops contribute much more to

compared to the satellite data, the next

the overall precipitation (Wu et al. 2007).

question would be what causes the general

Instead by changing the total convection

oversimulation in precipitation compared to

scheme allowing for advection of larger

observations and ISUGCM. Figures 21 and

scale and criteria for triggering convections,

22 compare CAM5 and ISUGCM to TRMM

the overall precipitation would be reduced.

data with different classifications of
precipitation size, Fig. 21 depicting smaller

4. Discussion and Conclusions.

raindrop precipitation and Fig. 22 larger

This study focused on the accuracy of

raindrop size. The TRMM data uses a

climate models comparing the resolving of

different data range, but the average data

convection in the diurnal cycle of

over the summer months would be

precipitation. The two models used in the

comparable. In Fig. 21, CAM5 depicts a

study used different closure assumptions for

much greater precipitation frequency within

CAPE. The first one, CAM5, uses a

small raindrops around the world. This is

threshold where once CAPE exceeds a

contrasted to ISUGCM and the TRMM

value, convection occurs. The other model,

which in bands such as around the equator in
10

the ISUGCM, ties CAPE with larger scale

advection where the timings diverge. As an

advection. The two models were compared

example, the Midwest in areas such as

to satellite data to verify accuracy in timing

Nebraska, experience nocturnal Mesoscale

and amplitude of the DCP and precipitation.

Convective Complexes, or MCC, which is
fueled by the presence of a low-level jet,

From this study, a few important features

which gives rise to the nocturnal maxima in

was noted in discerning the DCP in multiple

precipitation (Carbon et al. 2002). Given the

areas. First is that the timing in areas with no

parameterizations within models such as

larger scale advection from a moisture

CAM5, the models will not detect larger

source is present, the timing of maximum

scale advection from sources such as a low-

precipitation between the two models were

level jet, which will result in a continuation

similar. Some forces in these areas that

in maximum amplitude in DCP in the

would affect convection and instability such

afternoon. Larger scale advection of

as in the mountains which forcing such as

temperature and moisture plays a significant

gravity waves caused by heating in the

role in modulating the Diurnal Cycle of

mountains and effects of daytime heating

Precipitation, as advection brings in the

would affect convection. (e.g., Carbone et

instability and energy for larger scale

al. 2002, Li and Smith 2010). This is well

systems during timings where normal

simulated in both models, in which large-

convection is not as intense.

scale advection are minimal, only from
daytime heating which leads to the daytime

Consistent with studies investigating climate

maxima in peak heating in both models.

models with DCP, CAM5 also shown a
consistent overestimation with DCP

Other areas, such as in the southeastern

amplitude compared to the ISUGCM (e.g.,

United States, is not affected by

Sato et al. 2009, Dirmeyer et al. 2012). With

mountainous forces, but instead, interactions

the handling of convection, the model

caused by the ocean. Some of these forces,

resulted in the overestimation of small

such as sea breezes, also lead to daytime

raindrop precipitation and underestimation

maxima in DCP as these areas do not have

of larger precipitation. With the change in

larger scale advection, which gives similar

convection handling, the total magnitude of

timings between CAM5 and ISUGCM. It is

precipitation was reduced. This led to the

within areas that experience larger scale

reduction of amplitude in DCP precipitation
11

and the decreased mean in precipitation. As

a better understanding of the DCP and

a trade-off for the decreased mean, more

impacts involving the DCP.

variability was introduced into the model in
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Figure 2: A ten-year average of the DCP in Eastern China
located at 29N and 112E. The red dashed line represents
CAM5's average timing and amplitude at a given time, while
the blue line represents ISUGCM.
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Figure 3: A ten-year average between CAM4, CAM5, and
ISUGCM, represented in the green line, red line, and blue
line respectively. The area is in the southeastern United
States, which compares the amplitude of DCP to an
individual time.

Figure 5: A ten-year average between CAM4, CAM5, and
ISUGCM, represented in the green line, red line, and blue
line respectively. The area is in the southern part of South
America, which compares amplitude of DCP to an
individual time.

Figure 4: Above is a ten-year average of DCP throughout all
longitudes between 25N and 55N. This average of land
compares the amplitude of DCP at a respective time. The
red dashed line represents CAM5 while the blue line
represents the ISUGCM.

Figure 6: Two images are comparing the timing of
maximum amplitude of DCP between CAM4 and ISUGCM.
The images are a ten-year average of maximum DCP
amplitude and individual time during the JJA Months.
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Figure 10: Derived from Dirmeyer et al. (2012) and is a
subset of Fig. 6 focusing on Eastern China. The box
highlights the area that Figs. 7 and 8 encompass as a
comparison of simulated data to satellite data of a tenyear period.
Figure 7: From Dirmeyer et al. (2012), shows a global
average of maximum timing of precipitation using the
TRMM satellite. The colors on the wheel represent the local
hour of maximum amplitude in an area, to be used as a
comparison to the two climate models used.

Figure 11: The ten-year average run of the north-central
United States using CAM5, focusing on latitudes of 40N
and longitudes between 115W and 65W. The plot shows
the amplitude of DCP at a given time and longitude.
Figure 8: The ten-year average run of Eastern China using
CAM5, from longitudes 75E to 125E, and latitude of 3031N. The plot shows the amplitude of DCP at a given time
and longitude.

Figure 12: The ten-year average run of the north-central
United States using the ISUGCM, from longitudes 115W to
65W, at 40-41N. The figure shows the amplitude of DCP at
a given time and longitude. The legend of the graph is
different from legends of other plots.

Figure 9: The ten-year average run of Eastern China using
the ISUGCM, from longitudes of 75E to 125E and latitude
of 30-31N. The plot shows the amplitude of DCP at a given
time and longitude.
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Figure 16: Derived from Dirmeyer et al. (2012), a subset of
Fig. 6. The box highlights the area that Figs. 13 and 14
encompass. The image is a time of maximum precipitation
in South America and used a comparison between models
and satellite data.

Figure 13: Derived from Dirmeyer et al. (2012) and is a
subset of Fig. 6 focusing on the north-central United
States. The box highlights the area that Figs. 10 and 11
encompass as a comparison of simulated data to satellite
data of a ten-year period.

Figure 14: The ten-year average run of central South
America using CAM5 at latitudes 16-17S and longitudes
from 85W to 35W. The figure shows the amplitude of DCP
at a given time and longitude.

Figure 17: A world precipitation average over the ten-year
period in mm/day during JJA. The figure shows the
precipitation of CAM5, the satellite GPCP, and a difference
between the two.
Figure 15: The ten-year average run of central South
America using ISUGCM from latitudes of 16-17S and
longitudes of 85W-35W. The figure shows the amplitude of
DCP at a given time and longitude.

17

Figure 18: A world precipitation average over the ten-year
period in mm/day during JJA. The figure shows the
precipitation of ISUGCM, the satellite GPCP, and a
difference between the two.

Figure 19: A world precipitation average over the ten-year
period in mm/day during DJF. The figure shows the
precipitation of CAM5, the satellite GPCP, and a difference
between the two.
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Figure 20: A world precipitation average over the ten-year
period in mm/day during DJF. The figure shows the
precipitation of ISUGCM, the satellite GPCP, and a
difference between the two

Figure 21: A comparison of precipitation frequency of small
raindrops > 1mm/day between CAM5, ISUGCM, and the
satellite TRMM during the JJA months. The TRMM uses a
different timeframe than models for data, but a time
average for seven years for comparison.
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Figure 22: A comparison of precipitation frequency of small
raindrops > 20mm/day between CAM5, ISUGCM, and the
satellite TRMM during the JJA months. The TRMM uses a
different timeframe than models for data, but a time
average for seven years for comparison.
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