
ATMOSPHERIC SCIENCES  

5040/6040- Environmental Statistics 

• 5040: 1.5 Units. 6040: 3 Units 

• Instructors:  John Horel, Court Strong, TA Levi Thatcher  

• Required Text: Matlab Recipes for Earth Sciences. 

• Recommended text for  6040: Statistical Methods in the 

Atmospheric Sciences 

 



Course Learning Objectives 

• State and use basic statistical metrics to analyze 

environmental information 

• Develop proficiency to program and use MATLAB 

software as a tool to analyze environmental data sets  

• 5040: State and demonstrate the characteristics of 

effective research; organize, quality control, and find 

relationship(s) among data 

• 6040:State and demonstrate the characteristics of 

effective research: distill a general interest in a subject 

into a specific question/hypothesis that can be 

evaluated; organize the data; find relationship(s) among 

the data; and examine the significance of  the results  

 



Format 

• You must read the assigned text and class notes prior to 

the corresponding lecture  

• Each chapter of notes contains review questions that 

much be completed and turned in 

• Other assignments will be completed as well 

• 5040:/first half 6040: You will be assigned to evaluate 

the data collected from an automated weather station 

within the  Salt Lake Valley during the PCAPS field 

• 6040: Instead of a final exam, you will pursue a research 

question using statistical methods to analyze data 



Class Policies and Grading 

• 5040:  

– (1) note review questions (25%) 

– (2) final (25%) 

– (3) class assignments (50%) 

• 6040:  

– (1) assignments (60%) 

– (2) mid-term exam (20%) 

– (3) research project (20%) 



MATLAB 
• It is not required that you own a copy of Matlab  

• We will be using the statistics toolbox, which requires 

you to have an account on the CHPC network  

• CHPC online form: 

https://www.chpc.utah.edu/apps/profile/account_request.

php 

– Indicate Horel as advisor 

• You may need to access Matlab on an Atmospheric 

Science department workstation 

(meteo08.chpc.utah.edu or meteo09.chpc.utah.edu) 

• Levi will have lab sessions on Tuesdays after class in 

7XX WBB (synoptic lab) 

 

https://www.chpc.utah.edu/apps/profile/account_request.php
https://www.chpc.utah.edu/apps/profile/account_request.php


5040/6040 Course Outline 

• Week 1. Course Overview. Basic statistical concepts. Class Notes 1. Text 

Chap. 1& 2. 

• Week 2. Using matlab. Exploratory Univariate Data Analysis. Class Notes 2. 

Text Chap. 3.1-3.3 

• Week 3. Exploratory Univariate Data Analysis. Continued. Text Chap. 3.4-6, 

3.9. 

• Week 4. Theoretical Distributions and Hypothesis Testing. Class Notes 3.  

• Week 5. Theoretical Distributions and Hypothesis Testing. Continued. 

Exploratory Multivariate Data Analysis. Class Notes 4. Text Chap. 4. 

• Week 6. Exploratory Multivariate Data Analysis. Continued.  

• Week 7. A statistics sampler. Sections from Text Chapters will be assigned. 

• Week 8. Mar. 1. Final: 5040. Mid-term: 6040  

 



6040 Course Outline 

• Week 9. Topics in regression: Class Notes 5, Text 

Chapter 4.9-4.10 

• Week 10. Topics in regression continued: Class Notes 5, 

Text Chapter 4.5-4.6 

• Week 11. Harmonic analysis: Class Notes 6, Text 

Chapter 5 

• Week 12. Harmonic analysis continued: Class Notes 6, 

Text Chapter 6 

• Week 13. Data reduction: Class notes 7, Text Chapter 9  

• Week 14. Data reduction continued: Class Notes 7 

• Week 15. April 26. Poster session  



 



 



• Autism 

http://pediatrics.aappublications.org/cgi/content/abstract/peds.2010-2371v1?maxtoshow=&hits=10&RESULTFORMAT=&fulltext=autism&searchid=1&FIRSTINDEX=0&sortspec=relevance&resourcetype=HWCIT


Problems with statistics? 

• Oriented towards confirming preconceived 

ideas? 

• Start with a technique and look for a data 

set to apply it to? 

• There’s always two sides to every issue? 

• Example 

• What do you think? Other examples of 

poor statistics? 

 

 

http://www.thedailyshow.com/watch/mon-may-8-2006/poll-smoking---obesity




What’s the Goal?? 

• Exploratory or descriptive 

statistics: 

– Organize and interpret 

volumes of data  

 

• Inferential statistics: 

– Assess the underlying 

physical processes that 

generate environmental 

data 

 

 

 





Utah Tree Ring Index 

 

http://lwf.ncdc.noaa.gov/paleo/treering/isotope/iso-drought.html 

lwf.ncdc.noaa.gov/paleo/treering/isotope/iso-drought.html
lwf.ncdc.noaa.gov/paleo/treering/isotope/iso-drought.html
lwf.ncdc.noaa.gov/paleo/treering/isotope/iso-drought.html


Local Scale: PM 2.5 

 



10 Kestrel Temperature Sensors 



10 Kestrel Temperature Sensors over 25 minutes 

2 samples per minute 



Observations and Truth 

• True value- value of a quantity 
sought through measurement, but 
unknown usually in the field 

• Truth depends on application 

• Assumption: average of many 
unbiased observations should be 
same as expected value of truth 

• However, accurate observations 
may be biased or unrepresentative 
due to siting or other factors 

 

 



 

• 1. we can never measure the environment with 

complete accuracy and precision  

• 2. the environment is a chaotic system, which is 

a maddening combination of randomness and 

order arising from the characteristics of a 

complex nonlinear system, 

• 3.  our understanding of the environmental 

system is imperfect, so physical (and certainly 

statistical) models do not capture the complete 

behavior of the system.  

 

Causes of Uncertainty 



 

 

• Accuracy- difference in response between a standard and 

instrument in varying environmental conditions a measure of how 

close a measurement is to the “true” value 

 

• Precision- how well repeated measurements of some quantity agree 

with each other. A precise instrument can be inaccurate 

 

X X X X 

Gauging Uncertainty 



Systematic vs. Random Errors 

• Random- that which is not precisely 

predictable or determinable  

• Systematic- errors arising from a 

consistent response of a measuring device 

to environmental conditions or faulty 

characteristics of instrumentation that 

occurs frequently 

 



Observations 

• Observations are not perfect… 

– Gross errors 

– Local siting errors 

– Instrument errors 

– Representativeness errors 



Getting a Handle on Siting Issues & 

Observational Errors 

1. Metadata errors 

2. Instrument errors (exposure, 
maintenance, sampling) 

3. Local siting errors (e.g., artificial 
heat source, overhanging 
vegetation, observation at 
variable height above ground 
due to snowpack) 

4. “Errors of representativeness” – 
correct observations that are 
capturing phenomena that are 
not representative of 
surroundings on broader scale 
(e.g., observations in vegetation-
free valleys and basins 
surrounded by forested 
mountains) 



Are All Observations Equally Good? 

• Why was the sensor installed?  
– Observing needs and sampling strategies vary 

(air quality, fire weather, road weather) 

• Station siting results from pragmatic tradeoffs: 
power, communication, obstacles, access 

• Use common sense and experience 
– Wind sensor in the base of a mountain pass 

will likely blow from only two directions 

– Errors depend upon conditions (e.g., 
temperature spikes common with calm winds) 

– Pay attention to metadata 

• Monitor quality control information 
– Basic consistency checks 

– Comparison to other stations 



 









Population vs. Sample 
 

• we never know the entire population of true values as the environmental 
conditions change in time or space.  

• We hope that we choose a sample of observations for analysis such that each 
element in the population has an equal chance to be selected.  

• Sampling issues 
– Trends 
– serial dependence of environmental data  
– model sample tend to be less variable than observed samples 

 
• Selecting the sample for analysis is a critical aspect of organizing the data and 

depends on the question to be addressed by the study 
• rule of thumb: sample should be large enough to capture the phenomenon of 

interest many times 
• “Degrees of freedom”: number of independent elements in the sample;  

– usually much smaller than the total number of members in the sample in 
environmental data sets 

• Keeping your powder dry- saving data for an independent sample to evaluate and 
confirm your results.  

• Tendency to assume sample is drawn randomly from the population, when sample 
grossly underestimates the variability inherent in the population 
 
 



 



Large Dimensionality of Geophysical Data Sets 

t t+1 

•Time: time (t) and forecast time (tf) 

t t+1 

•Parameter & 

Source 

(temperature, winds, 

different models, 

measuring systems, 

perturbations) 

x 

y 
z 

•Space: x, y, z 



Common Goal is to Synthesize and Reduce 

Dimensionality 

• Statistical analysis of environmental data typically 

involves reducing the dimensionality of the data to a 

manageable size.  

• Which variable(s) do we need to consider? Can we 

consider one variable (univariate analysis) or must we 

consider multiple variables (multivariate analysis). What 

time scales are we interested in? Hours, days, months, 

years? And, what region (local, regional, globally) or 

level in the vertical (surface, subsurface, upper air)? 

•  Are the data available on a spatial grid or at specific 

points? 

 

 



10 Kestrel Temperature Sensors 



Diving into some Data 

• Going to take 10 kestrels outside for ~15-20 minutes 

• ~3 people per kestrel 

• 5 different environmental conditions assigned randomly 
– Aspirate the temperature sensor vigorously by swinging the kestrel at a fast rate 

– Aspirate the temperature sensor weakly by swinging the kestrel at a slow rate 

– Hold the kestrel steady away from your body 

– Place the kestrel on an object such as the pavement, bench, or rock 

– Place the kestrel in your pocket, then remove it, then put it back in on the time 

scale of a few minutes each time 

– Do you have a better idea? 

• Data will be downloaded. You won’t know which conditions are associated with which 

record 

• Will we be able to detect which ones are which? Stay tuned… 

 

 


