
Tree Rings and 
Precipitation Data Lab 



Introducing: 
Paleoclimatology 



What is Paleoclimatology? 

� Clues: What does the Prefix Paleo mean in 
geologic time? 

•  It means ”old” or ancient  
•  Another similar word that you might be 

familiar with that has the same prefix – is 
Paleontology. 

•  The suffix – “ology” any branch of science 
or knowledge. 



Paleoclimatology: 
Is the study of past climates.  Climate ‘proxies’ allow scientists 
to go back in time and reconstruct the climate conditions over 
long periods of time - hundreds, thousands even millions of 
years ago. 

What are Climate ‘Proxies’? 

Are sources of information from natural archives such:   

�  Tree rings 

�   Ice cores from glaciers  

�  Corals, lake and ocean sediments 

�  Fossilized Tree Pollen 

�  Historical records or diaries prier to the mid 19th Century 

 

 

Some of these resources are found in the geological record. 
Some of these sources include – ice cores carved from glaciers 
and ice sheets, fossils, caves, among many others. 

You can also find valuable information and data records in old 
field manuscripts or navigational logs that are hundreds of 
years old. 



Ice Cores 

Trapped in the ice cores of are gas bubbles, dust and 
dissolved chemicals that offer clues about previous 
atmospheric conditions.  



Fossils 

Fossils can  provide evidence of how Earth’s climate was like 
millions of years ago.  



Pollen 

Scientists can use pollen found in sediment from oceans and 
lakes. Ancient pollen offers clues about what was the  climate 
like  for the time period for the time period the plant was alive. 



Historical Records 

This is a diary of an 18th century 
sailor (1790). Navel logbooks 
tend to have very accurate 
descriptions and measurements 
of weather and astronomical 
observations.  



Tree Rings 

Hundred year old tree rings can help scientists estimate past precipitation 
levels of a particular geographical area. They can tell us if there were 
drought conditions or abundant rain fall. 



Tree Rings - Dendrochrology  
 

The field of dendrochronology is the scientific method 
used to date a trees growth rings. This information 
can tell us when were the trees formed as well as 
their growth conditions in relation to climate – 
moisture (rain), cloudiness, sunshine, and forest fires. 
 
Each ring represents a year of growth. The distance or 
separation between the rings can tell us if the tree 
had enough rain and nutrients or experienced 
drought conditions.   



Tree Ring Lab  
Climate Data Sources 

In order to understand how Tree Rings can serve as a 
climate proxy to reveal what type of climate was 
prevalent when the Tree was growing two sets of data 
will be used. This will help corroborate the inferences 
that can be made by studying tree rings.  Data will 
consist of:  

�  Paper copies of simulation tree rings  and;  

�  Numerical precipitation data from NASA satellite 
data archives. 

These two sets will be compared to each other. 

 



Comparing Tree Ring and 
Precipitation Data Lab 

�  Use tree ring data and compare it to precipitation from NASA 
satellites data of the region in which the tree grew to learn about 
local decadal precipitation and variability. 

�  This lab is called EPA-Tree Rings Precipitation Data Analysis. URL: 
https://www3.epa.gov/climatechange//kids/documents/tree-rings.pdf 

�  For this lab you will need a printout Tree Ring Analysis Worksheet, a computer 
with internet access and excel. You may need ruler and magnifying lens (to 
aid with counting of tree rings). 

�  Printout of one of four tree rings labeled: Use the Tree Rings at the end of the 
activity PDF. 
�  Jackson, MS 
�  Columbia, MO 
�  Boston, MA 
�  Seattle, WA 



Reading Tree Rings 

You don’t have to 
cut a tree to 
measure the tree 
rings. A sample of 
the core can be 
obtained without 
damaging the tree. 

This sample 
maybe from a 
logged tree or 
dead tree. 



How To Measure Tree Rings 

1.  The first circle is the 
first year of growth. 

2.  The space between 
the dark rings is the 
time when the tree 
grew the most in a 
particular year. 

3.  If the space is wide 
between the brown 
rings then the tree 
had plenty of 
water. If not it was a 
stressful year. 



How to Measure Tree Rings 

1.  Count the rings 
beginning from the 
outside towards the 
center. 

2.  Choose one of the 
four samples of tree 
rings. 

3.  Begin counting only 
the dark rings 
beginning from the 
center of the tree 
working toward the 
edge. (The outer very 
dark thick band is the 
bark – do not count 
the bark as a ring). 

Sample Tree Ring  Activity Printout 

Count number of dark 
ring lines 



Calculate the Age of the Tree 

1.  To calculate the age of the tree you will need two 
figures:  

�  The number or rings you counted which represent the 
number of years the tree grew. 

�  The date the tree was harvested (this date will appear 
on the bottom left of your tree ring sheet. It will show 
the month and year. 

2.  Now you have to calculate the age of the tree. 
What do you think you need to do?  

3.  Record your on the The Tree Ring Analysis Work 
Sheet. 



       

TR Location Coordinates Yr. Harvested/
Yr. Planted 

Number of 
Rings 

Average 
Precipitation 

Boston, MA 42°N, 71°W Oct. 2000 
1981 

19   3.76mm/day 

Columbia, MO 39°N, 92°W Dec. 2005 
1980 

25  3.0mm/day 

Jackson, MS 32°N, 90°W Feb. 2006 
1982 

24  3.73mm/day 

Seattle, WA 47°N, 122°W Sept/2003 
1980 

23  3.5mm/day 

Tree Ring Age Calculation 
Chart 



Select Ring With Bellow 
Average Precipitation 

1.  Based on the tree rings width, select the ring for the year 
of least precipitation. This would be the narrowest ring.  

2.  Calculate the year corresponding to that ring and enter 
it on the Tree Analysis Worksheet. 

3.  Once you have calculated: 
�  Age 

�  Year it was Planted 

�  Bellow Average Precipitation year 

Consult with others with the same tree ring location to check 
your calculations. 



Click on URL:  
https://mynasadata.larc.nasa.gov/las/getUI.do  
or enter the URL or cut and past. The browser should 
open to a page that looks like the page bellow. 



How to Obtain Precipitation 
Data? 

1.  On the upper left hand corner click on the DATA SET button. 

2.  Then Select “ATMOSPHERE”,  

3.  Under” Atmosphere” Select “PRECIPITATION”  

4.  Under Precipitation Select “Monthly Precipitation (GPCP) 

5.  Scroll down find “LINE PLOTS” under small map on left hand 
side of main screen and click on TIME. 

6.  Go To Start Date/Time – It’s on the left bellow the cardinal 
coordinates. Click on the year and select the year your tree 
was born, select January for the month. Make sure you 
have the right year. End DATE – The year when the tree was 
Harvested, and  the month should be December, regardless 
of the month it was harvested.  



How to Obtain Precipitation 
Data 

1.  Coordinates – Obtain your coordinates from your Tree 
Ring Sheet. It’s printed on the bottom left of tree ring 
sheet. Or on the Data Chart on slide 17 and 23 of this 
Power Point.  

2.  There are only have two sets of coordinates. Enter the 
coordinate North on the top; West on the right or left 
and press enter; it will automatically fill in the other 
coordinate points.  

3.  Now that you have all of your information in you need 
to press the UPDATE button that appears in red on the 
upper left side of the sheet. Notice that a graph will 
appear on the screen. 



Update Plot  

� The Update Plot button is on the 
upper right hand side next to the 
Data Set button with turn RED – 
Update Plot.  

Warning Every Time You Make 
Changes and the button turns RED 
Click on IT.  



 Tree Ring Coordinates 
TR Location Coordinates Year Harvested? 

Year Planted 
Average 

Precipitation 

Boston, MA 42°N, 71°W Oct. 2000 - 1981 3.76mm/day 

Columbia, MO 39°N, 92°W Dec. 2005 - 1980 3.00 mm/day 

Jackson, MS 32°N, 90°W Feb. 2006 - 1982 3.73 mm/day 

Seattle, WA 47°N, 122°W Sept. 2003 - 1980 3.5 mm/day 



MYNASA DATE Precipitation Graph 

Once you update your data a similar graph might show on your 
screen. You can save it if you press print. It’s hard to read because it 
has monthly data points for every year. 



How to Download Numerical 
Data to Analyze in Excel 

1.  To retrieve the numerical precipitation data press the 
SAVE AS button on the upper right hand side. 

SAVE AS 
Button 
Location 



Retrieving DATA   

Click and 
Select 
ASCII 

Make sure 
dates 
match your 
Tree Ring Click  Save  



“SAVE” to Download 

1.  Go to the NetCDF button and select ASCII – (American 
Standard Code) It will convert the data file in a 
standard code so that Excel can read the data file. 

2.  Make sure the Start date/time and the End date/
time correspond to your data. Year your tree was born 
– starting in Jan. The End date/time the year and 
month it was harvested 

3.  Press the SAVE button and a numerical chart should 
appear. 



DATA CHART – Name File and Save 

Go to File and Save AS: Enter the Name of the City 
and State Precipitation and your initials. Save on to 
your folder or drive for retrieval later. 



Importing DATA to Excel 
�  Open Excel 

�  Go to Mac File menu and select Import  or for PC click the Data 
tab and select Get External Data then click From Text 

�  What type of File you want to Import? – Select  Text File then click  
Import 

Press 
Import 

Select 
Text 
File 



Select File  - Text Import Wizard 
�  Select the file file (name) from your drive of the data to be 

imported to Excel.  

�  Once you have selected the file name the Text Import Wizard 

Select  
Delimited 

Click Next 



Select Delimiters on Text Import 
Wizard 

Check (select) Tab, Space and Comma. 
 
Make sure that Treat consecutive delimiters as one is checked. 

Select Tab, Space, 
and Comma 

Select Treat consecutive 
delimiters as one 



Graph of Reconstructed Iowa 
Precipitation (cm) 



Scroll down Data Preview 
Scroll down Data Preview make sure the columns are divided 
in different columns: Date; Zero Value (the column with zeros 
will be deleted in Excel); and the Precipitation Data. 

Scroll Data 
Preview 

Three (3) 
Columns 

If you don’t 
have three 
columns 
adjust your 
Delimiters 
until you 
have three 
columns. 



Final Step 
Click OK if the Existing Sheet is Selected and =$A$1 code is in the 
box bellow. 
The click OK. 



Organize Columns in Excel 
1.  Delete top rows as they appear in Figure 1. Highlight the 

rows, Go to Edit – Delete – Shift Up – Delete. 
2.  Delete Column with Zeros (0’s) – Click on the B (column label) 

the entire column should be highlighted Go To Edit –  Select 
Delete Column. 



DATA ANALYSIS – Average Annual 
Precipitation - Graph 

�  Label A Colum Date and B Column 
Precipitation mm (millimeter 
unit). Click on cell 1 and Go to 
Insert and select Row. 

�  How can the total annual 
precipitation in mm be calculated? 

�   Average Precipitation – How can 
the annual average precipitation 
(mm) be calculated? 



Create a New Date Column 

�  In Column C label the first cell Year. 

�  Enter Years beginning with the year the tree was 
planted. Example 1981, 1982 …. 2000 

�  Use Column D to add the annual precipitation per year. 

�  Use Formula =SUM(). Go to the first cell C2 and enter = 
capital S and a function menu pops up select SUM. A 
formula will show up in the cell. 

�  Go to the monthly precipitation column and high light 
the Jan 1981 … Dec 1981 hit enter. The total annual 
precipitation value should show up in the cell. 



�  In Column C, List every 
year. 

�  Calculate Annual 
Precipitation. 
�  In cell 2 of column D 

enter Formula. To do 
so enter = sign then 
capital S (and a 
formula list will pop 
up, select SUM. 

DATA ANALYSIS – Average Annual 
Precipitation - Graph 

List Years in 
Column C 



Calculating Total Annual 
Precipitation  

�  Once the formula appears in 
cell 2 of column D move 
cursor to column B and 
highlight the monthly 
precipitation data for 1981 
and press enter.  

�  The total will appear in cell 2 
of column D. 

�  Repeat the same process for 
every year. Until there are 
values for every year in 
column D. 

Highlight 
data for 
the 1981 
year. 



Total Annual Precipitation 

Calculate 
Annual 
Precipitation 
for each year in 
all cells until 
the year 2000. 

Total Annual 
Precipitation 
for each year. 



Graph Annual Precipitation 

1.  Highlight the data for both 
columns – the Date column 
and the Annual 
Precipitation column.  

2.  Go to Insert select Chart. 

3.   Select Line then selected 
Market Line. 



Graphing Total Annual 
Precipitation (Marked Line) 
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Graph of Reconstructed Iowa 
Precipitation (cm) 



Label The Graph 

�  Highlight the X Axis on the graph and go to Format and 
Select Axis.  It can also be labeled in Chart, repeat for 
the Y Axis. 

�  It can also be labeled under Chart Layouts and from 
the menu select Chart Title and Axis Title (one a 
time), label the graph accordingly. 

�  To facilitate reading the points lines can be inserted 
connecting the points to the specific coordinate (Year) 
on the X Axis.  

�  To mark lines go to Chart Layout go to Analysis menu 
and select lines and select drop lines. (see next slide) 



Line Graph with Drop Lines 
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Clustered Column  
Total Annual Precipitation 
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Chart the Annual Precipitation 

� Once all the total annual precipitation for each year 
has been calculated in column C graph the total 
annual precipitation.  

� Using : 
� Which year had the lowest precipitation and which 

year had the highest? 
� Compare it to the Year you selected as the year 

with the lowest precipitation.  



Why Average and It’s Advantages 

�  An average expresses an amount that is typical.  

�  The average also helps summarize a large amount of data with a 
single value.  

�  To Indicate variability around a single value. This is very 
important in being able to compare different sets of data. 

�  There are three different types of mathematical averages. 
�  Mean, Median and Mode. 

�  The Mean will be used for the analysis of the set of data.  
�  The Formula for Mean = ΣX      

                                          n      

x = Symbol of Mean (a bar 
over the X 
Σ = SUM; 
X = values; 
n = number of values of 
data set 



Graph Mean Annual Precipitation 
�  If you just want to be able to highlight the data create a 

another Year Column. This column will be located next, but 
before the Annual Mean Precipitation Column.  The previous 
date column can also be used. To Highlighting the data 
requires a different method because the columns are not 
next to each other. 

�  Label a new column Mean Annual Precipitation mm. 

�   Mean Calculation: Since you have already added the annual 
precipitation by year these values can be used to calculate 
the average. How can it be calculated? 



Calculating the Mean Annual 
Precipitation 

�  Click on cell 2 of the column where the mean will be calculated. 

�  Click on = (equal sign) right the letter S and select from the pop 
up menu SUM.  

�  Enter D2 - or the column letter and cell number the 1981 (planting 
year of data) annual precipitation value is located. 

�  =SUM(D2 enter / (backslash) sign followed by the number 12 close 
parenthesis. 

�  =SUM(D2/12) The Mean Annual Precipitation for 1981 (first year 
should appear) 

�  For a short cut of how to get the values for all years see next 
slide. 



Short Cut Calculating the Mean 
for the Entire Column 

•  To calculate the mean 
for every year there is 
no need to repeat the 
formula. 

•  Place the cursor on 
the small blue box 
until it becomes a 
cross and drag it 
down. 

Drag Blue Box 
Down to Highlight 
Column. 

Calculates the  
Mean for Each Year 
Automatically 



Graph the Mean Annual 
Precipitation 

�  Select Chart, go to Scatter and select Straight Marked 
Line. 

�  Graph appears. Label Graph 

�  Change X Axis values to show every year in the X Axis. 
Highlight the X Axis go to Format click on X Axis a screen 
will pop up where minimum and maximum can be 
change. See next slide. 



Change X Axis Min and Max Values 

1.  Click on Scale 
 
2.  Change Minimum 

value to 1981 (Year 
Tree was planted). 

 
3.  Change Maximum to 

2000 (Year Tree 
was Harvested) 

4.  Change Major Unit 
to 1. 

 
5.  Press OK 



Change Y Axis Minimum and 
Maximum Values 

1.  Click on Scale 
 
2.  Change Minimum 

value to unit to 1. 
 
3.  Change Maximum to 

1. 

4.  Change Major Unit 
to 1. 

5.  Change the Minor 
Unit to 0.10 

 
6.  Press OK 



Scattered Straight Marked Graph 
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Calculating Anomaly 

�  The anomaly of data allows us to detect points of data 
that don’t conform with the norm.  

�  For Example if for a few years the precipitation was 
bellow the historical average then these data points are 
considered out of the norm. This is very valuable in the 
analysis of climate variations and changes.  



Calculate the Total Mean Annual 
Precipitation 

How can the mean of the 20 
years of precipitation data be 
calculated? 



Calculating the Mean for 20 Years 
of Precipitation DATA 

�  Add all the Mean Annual 
Precipitation Data. 

�  Formula =SUM(H2:H21). The 
highlighting technique can be used. 
Type = S pick SUM from pop up 
screen and highlight all the values. 

�  Now you have the total of all of the 
20 Annual Averages. 

�  Go to the column next to column H, 
Column i) and enter the formula to 
calculate the mean of the 20 Mean 
Annual Averages in cell i2. 



Calculating the Mean for 20 Years 
of Precipitation DATA 

�  Enter the formula in the 
new column in this case 
column i (keep in mind 
that the cell values may 
differ depending on the 
location of the data. 

�  Formula =SUM(H22/20) 

�  Cell H22 contain the Sum 
of the total averages. 

�  20 is the amount of years. 

H22 Cell  
The sum 
of all the 
annual 
averages 



Calculating the Mean for 20 Years 
of Precipitation DATA 

1.  The =SUM(H22/20) gives you 
this value. 

2.  In order to calculate the 
anomaly 3.530675145 needs to 
be subtracted from each Annual 
Average. 

3.  To facilitate the process the 
Total Mean Annual Precipitation 
is copied 20 times. 

4.  To copy the number 20 times, 
Go To Edit press copy and then 
SPECIAL PASTE highlight all the 
cells that need to be copied. 

 



Calculate the Anomaly Per Year 
�  To calculate the anomaly the 3.530675145 (The Mean 

for the Total Annual Precipitation Averages) is 
subtracted from every annual average.  



Copy and Special Paste to 
Calculate Anomalies 
1.  Place cursor on cell i2 go to Edit and 

click Copy. 

2.  Go to Edit and click on Special Paste. 

This window        
appears. Select 
FORMULAS 



Calculate Anomalies Per Year and 
Graphing 

Highlight all the 19 cells bellow cell 
2 and press enter. All the anomaly 
values should appear.   
 
To Graph - highlight column YEAR 
first. Then press command (Mac) or 
Ctrl (PC) and while pressing the 
command or Crtl button down 
highlight the Anomaly Column. 
 
Go to Charts and select Scattered, 
Straight Marked Scattered 
 
 



Changing Graphs Parameters 
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Move the X 
Axis to the 
Bottom 

Change X 
Axis Interval 
to 1 instead 
of 5 



How to Lower the X Axis  

Click twice on 
the axis bar and 
the pop up will 
come out. If not 
go to Format 
and select Axis. 

Select Ticks go 
to Axis Labels 
and select Low 



Change Graph Parameters 

Select Scale 

Change Values: 
Minimum to 1981 
Maximum to 2000 
Major Unit to 1 



Decadal Precipitation 
Anomaly Graph 
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Calculating Standard Deviation 
To calculate the standard deviation there are several figures that 
will be needed: 

1. Obtain the mean of the annual data for each year of your data 
set.  

 The mean for 
each year of 
data 



Calculating Standard Deviation 
 

�  Once the Mean for every year of data has been obtain the 
next step is to find the mean for the total of years of 
data. 

Total SUM of 
the annual 
means 

Mean of The 
Total Annual 
Means 

=SUM(H2:H21)/20 

=SUM(H2:H21) 



Calculating Standard Deviation 

�  Subtract the Annual Total Mean from the mean for each 
year to find the variation from the mean. 

This figure tells us 
how much above or 
bellow the mean the 
Annual Precipitation 
mean is. This is called 
anomaly. 



Calculating Standard Deviation 
 

� Next Step is to 
square each 
anomaly value. 
Now all the 
numbers are 
positive. 

� Then add all the 
squared values. 

Next step: Square 
each anomaly value. 
Now all the numbers 
are positive. 

=POWER(C2,2) 

C2 = Cell of 
Number 
2 = Power to 
raise the 
number 

Add the Total of all the 
squared values 



Standard Deviation 
Next Step: Find the the mean 
of the square number.  

Divide the number 
by n – 1 as the 
denominator. 
Where n = is the 
number of years. 

88.4719468 ÷ (n – 1) = 
3.423598734 

Σ(x – x )2 
  n - 1 

=SUM(C23)/20-1 



Standard Deviation 

Final Step: Take the Square 
Root of the mean of the 
variance.  

=SQRT(D23) 

x = Symbol of 
Mean (a bar over 
the X 
Σ = SUM; 
X = values; 
n = number of 
values of data set 


