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ABSTRACT 

The North American monsoon (NAM), characterized by distinct seasonal precipitation 
over western Mexico and the Southwestern United States, is a summertime phenomenon that 
depends on complex interactions between the Pacific Ocean, Gulf of Mexico, and the North 
American land mass.  Thus, the NAM is strongly influenced by the El Niño Southern Oscillation, 
a dominant mode of interannual Pacific sea surface temperature (SST) and atmospheric 
variability, as well as the North Pacific Oscillation, a low-frequency (decadal) Pacific variation. 
This study assesses present day and projected changes in the NAM precipitation on a yearly and 
seasonal basis. Observations from the NCEP-NCAR Reanalysis project are compared to the 
Community Climate System Model version 4 (CCSM) from 1980 to 2000. Spatial patterns agree 
well, but still show an overestimation in precipitation within the NAM region. Fifteen CCSM 
ensemble runs, for various IPCC AR4 emission scenarios (A2, B1, and constant CO2), are 
assessed within each specific scenario and averaged, for comparisons between 1980-2000 and 
2080-2100. In the NAM region we find yearly and seasonal decreases in precipitation and 
increases in temperature for all IPCC emission scenarios.  Although this may be, modest RCP’s 
(4.5, 2.6) will have difficulty in detecting a signal above the noise within its scenario. Our 
analysis further finds statistical significance to the differences in mean precipitation and 
temperature over the NAM region, due in part to different levels of CO2 in the atmosphere. 
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1. Introduction 
 
  The Southwestern United States is one of many regions susceptible to our changing 

climate. Numerous mechanisms affect the weather patterns present throughout this region, 

specifically in the summer months. These altering forces have been well documented through 

extensive research on a global and regional basis. The Community Climate System Model 

version 4 (CCSM 4), a state-of-the-art general circulation model (GCM) that is fully coupled 

(sea, ice, land, and atmosphere), has the ability to simulate our global past, present, and future 

climate. Furthermore, individual components (stand-alone models) within the CCSM investigate 

different coupling simulations (e.g., land-atmosphere coupling) to better understand climate 

processes that occur within our climate system. Through its coupling abilities, the CCSM 

becomes ideal for investigating the North American monsoon (NAM), a summertime 

precipitation phenomenon affecting the southwestern U.S. that depends on the complex 

interactions between the Pacific Ocean, Gulf of Mexico, and the North American land mass. It is 

therefore also strongly influenced by the El Niño Southern Oscillation (ENSO), a dominant 

mode of interannual Pacific sea surface temperature (SST) and atmospheric variability, as well as 

low-frequency (decadal) Pacific variations.  Preliminary analysis of the CCSM v.4 through 

NCAR have shown improvements to the representation of the model simulated North American 

monsoon from its predecessor (CCSM v3), along with interannual variability in relation to 

Pacific sea surface temperature forcings. Although representation is in good agreement, the 

shortcomings of the CCSM4 still have a profound effect on present and future climate 

simulations, including precipitation variability (as seen on Fig. 1). 
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a) Mechanisms behind the North American Monsoon.   

The Southwestern United States is a region that is sensitive to interannual and decadal variability 

within its summer climate (Castro et al. 2001; Higgins and Shi 2001).  Deviations from its 

average weather like patterns can cause damage on different scales including flash floods, heavy 

rainfalls, and destructive hail. Damage from these episodic weather events are exacerbated by 

steep terrain and poor soil moisture holding capacity (Castro et al. 2001). As population 

continues to grow and urban development expands, it has become imperative to investigate the 

mechanisms behind the interannual variability to create accurate forecasts (Castro et al. 2001; 

Higgins and Shi 2000; Liang et al. 2008; Gutzler et al. 2009). The North American monsoon 

(NAM), also known as the Arizona monsoon and Mexican monsoon, is a large-scale 

summertime precipitation phenomenon that is characterized by its wind reversals (SE TO NW) 

and distinct rainfall over the Southwestern United States and Western Mexico. The NAM shares 

most of the basic characteristics as seen to its counterpart, the Asian monsoon, but not to that 

degree of intensity and longevity. The seasonal wind reversal, which usually flows from the 

Southeast (dry land areas) switches to northwest (moist ocean areas) because of two 

meteorological changes including the movement northward from winter to summer of the 

Bermuda High located in the Atlantic Ocean and the intense heating of the Mohave Desert which 

creates rising air and a surface low pressure (NWS webpage). Moisture sources extend from 

multiple sources including the Gulf of California, Eastern tropical Pacific, Gulf of Mexico, and 

Great Plains (Fig. 2). The Gulf of California and Eastern tropical Pacific are particularly 

important for its movement of low-level moisture. Furthermore, upper level moisture, 

transported through easterly winds from the Gulf of Mexico, contributes to the overall rainfall 

seen in the Southwest (NWS webpage). Monsoonal precipitation begins to develop around early 
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June, affecting the southwestern region of Mexico. These large-scale circulation changes can 

also be attributed to the decrease in rainfall in the Great Plains and other changes in regions 

throughout the United States (Castro et al. 2001). Along with the low level circulation, a 

subtropical ridge (or monsoonal ridge) begins to grow along northern Mexico during late May 

and early June (Figure 3). The monsoonal ridge’s location in early June places it too far south in 

Mexico, thus preventing moisture from entering the Southwestern US. As solar heating 

intensifies in early July, the monsoonal ridge progresses into the southern Plains, bringing in 

moisture from its respective sources. Its position varies throughout the summer, which can lead 

to either “bursts” or “breaks” in precipitation. By mid-September, the monsoonal thunderstorms 

retreat back into the tropics.  

 

b) Driving Forces behind Interannual Variability 

While characterized by different land-ocean-atmosphere interactions, the NAM has continuously 

modulated annually through its onset and intensity. Extensive investigations have documented 

what forces are driving these variations to occur. Numerous efforts, including the North 

American Monsoon Experiment Model Assessment Project (NAMAP), have expanded our 

understanding of the mechanisms behind the NAM, but also brought to light what short-comings 

we are still experiencing (Gutzler et al. 2009; Higgins and Shi 2001). Different factors, including 

sea surface temperature anomalies, large-scale circulation patterns, land surface conditions, 

tropical convergence zones, and moisture transport mechanisms, are correlated to each other and 

have the ability to contribute to the variability seen in the NAM 

(http://www.wrh.noaa.gov/twc/monsoon/monsoon_info.php [last accessed on April 26, 2012]). 

Pacific SSTs have shown to be a determining factor when it comes to weather conditions in the 
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Southwestern U.S. and Great Plains. Conditions in the Pacific Ocean tend to modulate the 

evolution and position of the subtropical ridge (or monsoonal ridge). The El Niño Southern 

Oscillation (ENSO), a global coupled ocean atmosphere phenomenon affecting numerous 

regions around the world, has the ability to depress the monsoonal ridge towards the south, thus 

delaying the onset of monsoonal rainfall in the southwest. Through complex interactions 

between westerly winds and unusual warm ocean temperatures in the Equatorial Pacific, ENSO 

has the ability to modulate the NAM onset. Furthermore, North Pacific SSTs hold a connection 

to the onset of the monsoonal period as well. The North Pacific Oscillation (NPO), characterized 

by a north-south seesaw in sea level pressure over the North Pacific, has the ability to modify the 

ENSO winter response. Pacific SSTs help modulate previous winter precipitation amounts, 

which can lead to a signal on the type of monsoon the Southwestern U.S. would experience 

(http://www.wrh.noaa.gov/twc/monsoon/monsoon_info.php [last accessed on April 26, 2012]). 

Furthermore, Ropeleweski et al. (1986) recognized the ENSO response towards precipitation 

anomalies through the enhancement of the jet stream surrounding North America and warmer 

ocean temperatures in the Pacific. Castro et al. (2001) provided a study that investigated the 

relationship between the NAM to tropical and north Pacific SSTs, revealing the teleconnections 

towards the monsoonal ridge, monsoonal onset, and the distribution of precipitation. As revealed 

through observational analysis, the north and tropical Pacific have effects on regional 

teleconnection patterns (Castro et al. 2001). The north Pacific SST controls the 

northeast/southwest displacement of the monsoon ridge or trough while ENSO controls 

north/south displacements as shown in Figure 3 (Castro et al. 2001). Through these observed 

teleconnections, a relationship was built on the controls of the high and low pressures present 

during the NAM, which control the amount of moisture and the timing of the NAM onset. The 
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question stands now how will climate change affect future Pacific SSTs, and how will those 

changes impact the NAM? Would an increase in Pacific Ocean temperature modulate the ENSO 

and NPO occurrences, leading to more variation within monsoonal precipitation?  

 

c) Model Simulations  

 Global climate models have been used to investigate past, present, and future climate. 

NCARs CCSM version 3 has been used extensively to study what our future climate could be in 

different regions around the world.  CCSM3 shortcomings were investigated and addressed in its 

updated version, CCSM4.  The CCSM4 uses finite volume grids with resolutions between 1° to 

2° through its atmosphere and land components, with both resolutions using nominal 1° versions 

of ocean and sea ice components. Model simulations investigated how ENSO and the Pacific 

Decadal Oscillation (PDO) performed with the CCSM4. One aspect that has been greatly 

improved through the CCSM4 was the variability seen in ENSO, which was only on a two-year 

variation through its previous version rather than the realistic three to seven years (Gent et al. 

2011). Global season teleconnections are well represented within the model and its impacts on 

precipitation and temperature are simulated correctly. However, the magnitude of ENSO is 

overestimated, while the PDO linkages to the tropics and extratropics are weaker than observed 

(Deser et al. 2011). This bias within the model is common because of the difficulties in capturing 

all the physical relationships on a global scale.  Although this may be, biases still remain within 

the updated model including missing parameterizations to accurately represent the Intertropical 

Convergence Zone (ITCZ), found throughout the Equatorial region (Gent et al. 2011).  

Now, previous studies have investigated the NAM using the CCSM3 and have begun running 

simulations through the updated version, CCSM4. Preliminary results (Figure 1 and 4) from the 
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CCSM4 were compared to its predecessor, CCSM3. Simulations reveal a better accuracy in 

simulating the NAM and improved representation of southwesterly low-level flows and observed 

precipitation in the summer months (Cook et al., 2011). However, the Community Atmospheric 

Model (CAM) version 4, a stand-alone model with land-atmosphere coupling and ocean 

observational data, and the CCSM4 still lack the ability to fully simulate the annual precipitation 

over the affected NAM region. The overestimation of precipitation is present in both CCSM3 

and CCSM4; with the updated version simulating improved realistic data. Furthermore, the onset 

of the monsoonal period tends to begin a month earlier than observed and is not as distinct 

during its offset due to the misrepresentation of winter rainfall (Cook et al. 2012). Also, the 

CAM4 provides a well-documented representation of the onset and retreat within the monsoon. 

Overall, model simulations of the NAM have improved as continuous model updates are put in 

place, but poor climatological representation still remains an issue.   

 

  Through our study, we will assess present day and projected changes in the NAM 

precipitation on a yearly and seasonal basis to investigate possible variations to come. Using 

three cases of CO2 emission scenarios (A2, B1, Constant CO2) based off the Fourth Assessment 

Report, we will investigate the changes of the NAM seasonal precipitation at a present and future 

date through the Community Climate System Model version 4. 

 

2. Methodology 

a) Model Validation through Observations 

 In order to fully assess the reliance of the Community Climate System Model (CCSM) 

v.4, a validation component was implemented to verify the actual simulated data was 
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representing observations accurately and to be aware of model bias that can hold onto our future 

simulations. The NCEP-DOE Reanalysis Project 2, an improved version of the NCEP-NCAR 

Reanalysis project, was used for this validation purpose and model hold. The state-of-the-art 

analysis/forecast system performs data assimilation using past data from 1948 to present time 

(http://www.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis.html [Last accessed on April 26, 

2012]). Furthermore, it incorporates an array of data sources with advanced quality control and 

monitoring systems (Kalnay et al. 1996). Variables, including precipitation rate and temperature, 

were utilized from the NCEP-DOE Reanalysis Project on a monthly scale from 1980 to 2000.  

Furthermore, comparison analyses were averaged out on a seasonal and monthly basis.  Seasonal 

wise, data from the months between May and September were averaged out to line up with the 

North American monsoon season. The data then assessed the accuracy of the CCSM v.4 model 

simulations, which uses finite volume grids with 2° resolution, of present climate (1980-200) to 

investigate how future climate will fluctuate in term of the North American monsoon (NAM). 

Climate variables, including convective precipitation, large-scale precipitation, and surface 

temperature, were compared to the observed climate variables.  Convective and large-scale 

precipitation variables were combined to create a total precipitation. The 20-year period was 

chosen on the basis of future high-resolution model analysis with 1° resolution whose future 

span time frame is only from 2080 to 2100.  Global and regional precipitation plots explored the 

differences attained through their comparisons.  

 

b) Future Model Simulations Based on IPCC GCMs Large Scale Projections 

 A future assessment was undertaken of possible future simulations through the 

Intergovernmental Panel on Climate Change (IPCC) Assessment Report large-scale projections. 
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The IPCC has published four grouped possible CO2 emission scenarios that can impact our future 

climate. The CCSM v4 has recently completed five ensembles for each emission scenario to 

explore its effects on our climate. The A2 (Business as usual), B1 (further world integration and 

ecologically friendly), and constant CO2 (changes already to come) emission scenarios (RCP 8.5, 

4.5, 2.6) from years 2080 to 2100 will be utilized in comparison to our present climate 

simulations.   Regional precipitation and temperature plots, stemming from the exact variables as 

our present climate runs, were created to investigate possible differences. Furthermore, these 

ensembles were be averaged out to create an average ensemble comparison between each of the 

emission scenarios.  

 

c) Relationship of Temperature and Precipitation Mean Changes in the North American 

Monsoon 

 Difference plots created from our regional future and present comparison, both of 

temperature and precipitation, were further analyzed to investigate the relationship between each 

other and their frequency.  Data within the region of latitude coordinates 120N – 136N and 

104W – 112W, which illustrated the greatest difference in our precipitation plot in the RCP 8.5 

scenario, were averaged out for further analysis. The 5 ensembles within each scenario were 

averaged out per year, from 2080-2100, on a seasonal basis (May through September). Thus, 

each scenario held 105 data points in total. Furthermore, a scatter plot was created by taking the 

difference of the mean ensembles from its present climate to investigate the change in 

precipitation to temperature.  Also, frequency patterns were shown for the calculated difference 

and their frequency for mean precipitation and temperature. Lastly, a signal (average) to noise 
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(standard deviation) ratio (SNR) was utilized to investigate the reliability of the data outcome 

(<1 : unreliable , > 1 : reliable).  

3. Results 
 
a) Observations versus Model 
 
 Global and regional plots were created for both precipitation and temperature variables to 

investigate model accuracy against observations. Figure 5 depicts CCSM version 4.0 data against 

NCEP-NCAR Reanalysis project data to create a difference plot at a present time from 1980 to 

2000. Temperature global and regional plots depict both an overestimation and underestimation 

within certain regions around the globe and North America. Attention should be paid to the 

underestimation of the Sierra Madre Occidental, coinciding to the region where the North 

American Monsoon (NAM) propagates. Figure 6 depicts the same format as our temperature 

plots, with precipitation being its climate variable. Precipitation decreases can be seen in the 

ITCZ region in the Pacific Ocean through our global plot. Regionally, we see a decrease in 

precipitation within the Sierra Madre Occidental, while an overestimation is visualized 

throughout higher latitudes.  

 

b) Future Model Projections 

 Regional plots were created for all emission scenarios for both temperature and 

precipitation variables for future average ensembles versus present climate to create a difference. 

Our “high emission” scenario, or RCP 8.5, reveals a great difference in our regional temperature 

plot over the North American landmass (Figure 7). Increases in temperature can be seen 

throughout the Sierra Madre Occidental within our seasonal difference plot (Figure 7). Our 

seasonal precipitation plot, through our RCP 8.5 scenario, illustrate a great decrease in rainfall 
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throughout the same region as our regional temperature plot, coinciding with the NAM 

propagation area. Within our “low emission” scenario, or RCP 4.5, we still see the same region 

where the most difference is located as our “high emission” scenario, but not as intense. Our 

regional temperature plot reveals an overall warming through the landmass, with certain areas 

having higher increases (Figure 8). Our regional precipitation plots demonstrate greater areas to 

have an increase in precipitation, while within the general track the NAM takes; we see “spots” 

of decreasing rainfall (Figure 8). Finally, our “constant CO2” emission scenario, or RCP 2.6, 

reveals a small amount of warming we can expect in the future, while our precipitation plot 

illustrates a very small region of decrease in rainfall and a greater increase throughout the overall 

region  (Figure 9).  

 Further analysis was undertaken to investigate these mean difference changes in both 

temperature and precipitation. Figure 10 determines which region shows the greatest change 

within the NAM track within our “high” emission scenario. Coordinates (104W – 112 W, 20N – 

36N) were placed within the region that shows the greatest change in our RCP 8.5 scenario to 

investigate the mean changes from future and present temperature and precipitation climate 

(Figure 10a). The scatter plot, which compares mean changes in precipitation to temperature, 

demonstrates a linear relationship between these two variables (Figure 10b). A small change in 

temperature can lead to an increase in precipitation, while in contrast; a large change in 

temperature will lead to a decrease in precipitation. Individually, precipitation histograms (mean 

change vs. frequency) reveal the skew of possible future changes to come. Possible negative 

changes (decreases) in rainfall are favorable in our RCP 8.5 scenario, but still hold the possibility 

of an increase (Figure 10c). This is due in part because of the boxed region, which includes a 

positive change within our difference plot (Figure 10a). Furthermore, our mean precipitation can 
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be seen to favor a negative occurrence in our future climate. A signal (average) to noise 

(standard deviation) ratio (SNR) was computed to investigate the reliability of the outputted data 

in our mean precipitation. A 0.9795 ratio was calculated from the difference between mean 

future ensembles and present data, representing a close reliability to the resultant data. This value 

can be attributed to the high CO2 forcing’s placed within the CCSM v.4, as well as the noise 

value stemming from year to year seasonal variability and climate change signal within the RCP 

scenario. Temperature wise, we see data to be skewed off to the left, which is expected with the 

amount of CO2 forcing’s onto the GCM. A mean temperature increase can be foreseen to be 

within the values close to +5 (Figure 10d). An SNR value of 5.4466 is computed, showing a high 

reliability in our data due to temperature being a more direct variable.  

 Through our “low” emission scenario, the same plots were created as our RCP 8.5 

scenario. Equal coordinates were placed upon the difference plot (Figure 10a) for consistency 

purposes. Our scatter plot illustrates data points to be much more clustered together, in part 

because of the positive increase region within our boxed region (Figure 10a,b). The same 

relationship visualized through our previous scatter plot can be seen within our RCP 4.5 

scenario, showing a temperature to precipitation linear connection (Figure 10b).  Our 

precipitation histogram reveals mean changes to be skewed to the left, but not as intense as our 

previous scenario in part because of the lessening of CO2 forcing. Outliers are shown within our 

precipitation histogram; again, our closed region includes partly a positive increase in 

precipitation (Figure 10a,c). Our SNR value of 0.3927 is computed, revealing the difficulty of 

predicting precipitation as it is not as direct as temperature. Within our temperature histogram, 

our changes show an overall increase in temperature with a mean change close to +2 (Figure 

10d). An SNR value of 2.3414 is calculated for our temperature data, indicating a good reliability 
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of the output. The value itself is less than the ”high” emission scenario because of the CO2 

forcing within this specific case.  

 Lastly, our “constant CO2” emission scenario illustrates changes that we can expect in the 

future. Our scatter plot shows less clustering from our data points, but still see the same linear 

relationship as our previous scenarios (Figure 10b). Furthermore, our precipitation histogram 

shows more of an equal chance of possible increases or decreases to come, with a mean positive 

change in rainfall (Figure 10c). An SNR value of 0.1268, less than both of our previous cases, 

show the reliability to be less because of the amount of CO2 forcing. Our temperature histogram 

illustrates less of a dramatic increase in temperature, but overall still see the same right skewed 

pattern and mean temperature to be about +1 (Figure 10d). Our SNR value reveal a value of 

1.4608, showing its reliability to be less than our previous cases, but again due to the amount of 

CO2 forcing.  

 

4. Discussion/Conclusion 

 Through our results, our study was able to investigate the different possible changes the 

North American Monsoon (NAM) seasonal precipitation could experience through three CO2 

emission scenarios based off of the IPCC fourth assessment report. Global and regional plots of 

seasonal precipitation and temperature plots created from observations versus model to 

investigate the model bias occurring, as well as to take the resultant information and apply the 

reasoning of our model bias to hold throughout our future scenarios. Our resultant outcome also 

coincides with a previous study done to investigate how accurate model simulations were to the 

NAM rainfall (Cook et al., 2011). Through this analysis, we were able to investigate possible 

future simulations through the CCSM v.4. Our “high” growth scenario exhibited the greatest 
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increase in temperature and decrease in precipitation, while our other scenarios showed similar 

changes but with less intensity. Furthermore, our scatter plots from the difference between the 

averaged emission scenarios to present climate show a linear relationship. This result shows a 

small increase in temperature leading to a small increase in precipitation, while a large increase 

in temperature produces a decrease in precipitation. Precipitation and temperature histograms, 

derived from differences in future and present yearly seasonal averages, revealed a possible 

increase and decrease to come. With different scales of CO2 forcings onto the CCSM v.4, our 

histograms vary in the frequency of changes to come. Furthermore, our signal to noise ratio 

(SNR) values shows that certain difference data (averaged future ensembles versus present data) 

have more noise influences than signal due to year-to-year variations and climate change signal 

for each RCP scenario. Through our study, we conclude that that CO2 increases in the 

atmosphere has the potential to impact the North American Monsoon.  

 To further our analysis, we will compare ensembles within each other to investigate the 

mean difference and their significance. Furthermore, a robust set of statistical analysis will be 

utilized including principal component analysis, field significance, and ANOVA analysis. Lastly, 

we will expand on our data to investigate other monsoons and create possible future scenarios 

they might foresee through CO2 increases.   
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GRAPHICS 
 

 
 

Figure 1: Mean monthly rainfalls averaged out through their respective time periods for the 
TRIMM, CAM4, CCSM3, and CCSM4. 
(Source: Cook et al., 2011)  
 

 
 

Figure 2: North American Monsoon Moisture Sources 
(Source: NWS website http://www.wrh.noaa.gov/twc/monsoon/monsoon_NA.php) 
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Figure 3: Provides a diagram of two constructive scenarios based on ENSO and NPO 
relationships and their effects on the monsoonal moisture. 
(Source: Castro et al. 2001) 

 
 

Figure 4: June, July, and August climatological precipitation from a) TRIMM observations with 
900-hPa wind vectors, b) CAM 4 with 930 hPa wind vectors, and c) CCSM 4 with 930-hPa wind 
vectors. 
(Source Cook et al. 2011)  
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Figure 5 : Global and regional temperature plots above show CCSM v.4 data versus NCEP-
NCAR Reanalysis  and their difference from 1980 through 2000.  
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Figure 6 : Global and regional precipitation plots above show CCSM v.4 data versus NCEP-
NCAR Reanalysis  and their difference from 1980 through 2000. 
 

 



SOARS® 2012, Manuel Hernandez Jr., 19 

 

Figure 7 : Regional temperature (left) and precipitation (right) plots were created through the 
CCSM v.4 using  average seasonal future data (2080-2100) versus seasonal present data (1980-
2000) to create a difference plot. Our “high emission” scenario, or RCP 8.5, was forced onto the 
CCSM v.4 climate runs for the future data.  
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Figure 8 : Regional temperature (left) and precipitation (right) plots were created through the 
CCSM v.4 using  average seasonal future data (2080-2100) versus seasonal present data (1980-
2000) to create a difference plot. Our “low emission” scenario, or RCP 4.5, was forced onto the 
CCSM v.4 climate runs for the future data.  
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Figure 9 : Regional temperature (left) and precipitation (right) plots were created through the 
CCSM v.4 using  average seasonal future data (2080-2100) versus seasonal present data (1980-
2000) to create a difference plot. Our “CO2 constant emission” scenario, or RCP 2.6, was forced 
onto the CCSM v.4 climate runs for the future data.  
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Figure 10: a) The region depicted through our boxed in area (104W-112W; 20N-36N) illustrates 
the greatest change seen in our RCP 8.5 difference plot. Thus, this region served as our point of 
averaging per year on a seasonal basis at a future and present state. b) A scatter plot was created 
through the difference between the average of future data versus present data. The plot displays 
change in precipitation against change in temperature. c) A histogram illustrates the mean change 
in precipitation versus its frequency at a “high” emission scenario. The bins represent the 
changes that could occur in a present climate and their frequency of occurrence. The data shows 
a heavier skew to the left (negative) side of the histogram, with a mean to be close to -0.4. An 

Signal / Noise (SNR) : 0.9795 Signal / Noise (SNR) : 5.4466 
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SNR value was computed to investigate the reliance of the outputted data (greater than 1; 
reliable). d) A histogram and SNR value were outputted to investigate the mean change of 
temperature and its frequency, similar to that of our precipitation histogram. Temperature bins 
show data to be skewed to the left, due in part because of the high increase of CO2. The SNR 
value shows a high reliability to the outputted data.  
 

 

 

 

 
 
 

 

Signal / Noise (SNR) : 0.3927 Signal / Noise (SNR) : 2.3414 
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Figure 11: a) The region depicted through our boxed in area (104W-112W; 20N-36N) illustrates 
the greatest change seen in our RCP 4.5 difference plot. Although the change isn’t highly 
demonstrated as our “high emission” scenario, we used the same area for consistency purposes 
and the changes that are seen within the region. b) A scatter plot was created through the 
difference between the average of future data versus present data. The plot displays change in 
precipitation against change in temperature. c) A histogram illustrates the mean change in 
precipitation versus its frequency at a “low” emission scenario. The bins represent the changes 
that could occur in a present climate and their frequency of occurrence. Data reveals bins to be 
less skewed to the left as seen in our “high” emission scenario, but still show more negative 
values to come. Outliers are still visible within our histogram, illustrating the possibility for a 
positive change to occur. SNR values show less reliability than our high emission scenario. d) 
Temperature bins in our temperature histogram show less of a skew to the right as seen in our 
high emission scenario but still demonstrate a greater chance for increase in temperature.  
 

 

 

 Signal / Noise (SNR) : 0.1268 Signal / Noise (SNR) : 1.4608 
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Figure 12: a) The region depicted through our boxed in area (104W-112W; 20N-36N) illustrates 
the greatest change seen in our RCP 2.6 difference plot. The change seen within our region 
demonstrates the mean difference we will experience. b) A scatter plot was created through the 
difference between the average of future data versus present data. The plot displays change in 
precipitation against change in temperature. c) A histogram illustrates the mean change in 
precipitation versus its frequency at a “constant CO2” emission scenario. The bins represent the 
changes that could occur in a present climate and their frequency of occurrence. Data bins reveal 
possible precipitation changes could be either positive or negative, with a mean positive change 
to come. d) Temperature bins in our temperature histogram much less of a skew, with a 
possibility of a negative change. The SNR value demonstrates a good reliability in our data.   
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