Composite Analysis Instructions

Last revised 6.10.2005

This document covers how to 1) create station composite analysis spreadsheets
for various data types (i.e., MeanT, Precip, etc.), 2) compute historical station
composites analyses based on El Nifio/La Nifa, 3) apply risk analysis
techniques, and 4) produce a current composite analysis forecast based on El
Nifio/La Nifa.

This exercise uses Microsoft Excel as the platform for analysis. Excel is used for
training purposes to provide a more detailed explanation of the process and
methodology employed. The statistical software SPLUS will be utilized
operationally and for developmental composite analysis at the local office.
Although SPLUS streamlines the process through a graphical user interface for
data input and statistical analyses, the methodology will not be evident to the
user. It is important to develop skill in the composite analysis methodology
through Excel first.
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Assumptions

This document assumes the use of Microsoft Excel 2000 or beyond (refer to
http://www.nws.noaa.gov/om/csd/pds/pcu2/res/students/primerExcel.htm ).
A basic understanding of statistics (probabilities, distribution tails, statistical
significance) is assumed (refer to
http://www.nws.noaa.gov/om/csd/pds/pcu2/res/students/primerStat.html ).
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Data Files and Templates

The following data files are provided at

Composite XXX _MMMYYYY _cccc_template.xls
oni.xls

Alternatively, the ONI data (numerical data only, no episode text) is available at:
http://www.cpc.ncep.noaa.gov/products/analysis _monitoring/ensostuff/ens

oyears.shtml

The CPC Nino 3.4 consolidated SST forecast is available at:
http://www.cpc.ncep.noaa.gov/products/precip/ CWIink/ENSO/sstcon34.txt

Definitions

Category — refers to either above, near, or below normal for a specific climate
variable

CPC consolidated Nifio 3.4 SST forecast — SST in the Nifio 3.4 region for 13-3
month leads (JFM, FMA, MAM, etc.).

Composite analysis— is a sampling technique based on the conditional
probability of a certain event occurring (e.g., El Nifio or La Nifa)

Conditional probability — is the probability that a given event will occur if it is
certain another even has taken place or will take place. It is based on the
Probability Distribution Function (PDF) representing only situations satisfying a
certain condition (like the existence of a strong El Nifio).

Nifio 3.4 region — located in the Pacific Ocean between 5°N and 5°S and 120°
and 170°W:; see:

http://www.cpc.ncep.noaa.gov/products/analysis monitoring/ensostuff/nino regio
ns.html

Oceanic Nifio Index (ONI) — the SST departure from the average SST in the
Nino 3.4 region. ONI is based on a 3-month running mean and homogeneous
historical SST analyses (1905-1998). ONI utilizes the NOAA operational
definition of EI Nifio and La Nifa:

El Nifio Taep 2 +0.5°C

La Nifia Taep £-0.5°C

Neutral -0.5°C < Tgep < +0.5°C

Terciles — the division of data into 3 equal parts and referred to as above, near,
or below.
Statistical Glossary - http://meted.ucar.edu/climate/climanom/glossary.htm#n
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Section 1: ClimatOIOgicaI Data Last revised 6.8.2005

Retrieving Climatological Data

1. Download the data set from xmACIS. Go to: http://xmacis.rcc-acis.org or for
a specific Weather Forecast Office (WFO) add '/XXX' where XXX is the 3 letter
station identifier, for example: http://xmacis.rcc-acis.org/OKX

2. Select area of interest. Fig. 1.1 shows the WFO list to choose from.

Address EI hitkp: ffxmacis, nrce, cornell, eduj b

ACTS Results will appear here

Area of Interest:
- Selectan area - =
-Selectan area- ~
AsU - AR Aviation Weather Unit
ABQ - Albuguergue, N
ABR - Aberdeen, 3D
AR - Alaska RFC
AJK - Juneau, AK
AKO - Wyakefield, WA
ALY - Albany, NY
AbdA - amarillo, T
AP - Gaylord, M|
ARK-La Crosse, Wl
[BGM - Binghamton, MY
BIS - Bismarck, ND

Bt - Birmingharm, AL
BOI-Baise, ID

BOU -Denver, CO

BOX - Taunton/Bostan, ki
BRO - Brownswille, T
BT - Burlington, VT
BUF - Buffalo, MY’

BYZ - Billings, MT

CAE - Columbia, SC

CAR - Caribou. ME

CHS - Charleston, SC

CLE - Cleveland. OH
CRPF - Corpus Christi, T
CTP-State College, PA
'S - Cheyenne, WY
CDC-Dodge City.KS

DLH - Duluth, kM ~

| L=7 =]
NO 2A Regional Climate Centers

Fig. 1.1 xmACIS showing the "Area of Interest" list of WFOs.

3. Select Routine. Select "Monthly Avgs/Totals" as the routine (Fig. 1.2).

4. Select the climate variable and period of interest. Fig. 1.3 shows the
different climate variables to select. You should select the variable "Avg
Temperature".

The start and end year are defined by the user (Fig. 1.4).
Enter:

Start Year (1950)

End Year (current year)
5. Submit the request.

6. Data display. Data requested for a station will display on right side of display
(Fig.1.5). Note: check the years of the data that are displayed. Some station's data may
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not be available starting in 1950. So when copying the data into a spreadsheet, in later
steps, make sure you copy the data into the correct location (correct starting year).

biddress (@] http:/fxmacis.nroe cornell.edu/BiEM] b
ACIS Eesults will appear here
FReoutine: | - Selectaroutine - ~

-Selectarouting -
[ hin als i
Select a roMonthly Frequencies .
Monthly Extremes
Calendar Day Avgs
Calendar Day Freguencies
Calendar Day Extremes
Daily/Monthly Naormals
Extremes

Consecutive Days
FirstfLast Dates

Daily Data for a Month
Almanac Data for . Day
Daily Data Listing

L ACIS

NO A Reqional Climate Centers

i @
Fig. 1.2. xmACIS showing the list of routine choices.
Address | (] httpjjxmacis.nrce comeladu/BaM] v B Links
ACIS Eesults will appear here.
Routine: | Monthly Avgs/Totals v
Station: | Binghamtan, MY * -
Wariable: | Avg Temparature v

hlex Temperature

Min Temperature

B A Temperature |

Precipitation

End TeaSnowfall

Snow Depth

—Heating Degree Days

Submit |Cacling Degree Diays

Growing Degree Days

Bevomd by

FIC 2 Regional Climate

Fig. 1.3 xmACI% showing the variable selected and selection choices.
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Rddress @j http:ffxmacis.roc-acis.orgfBEM) b a Go Li

Eesults will appear here.

Eoutine; | Morthly Avgs/Totals v
Station: | Binghamton. NY'* w
Variable:

Start Tear: 1950

End Year: |2005

T ACIS

HO A% Reqional Climate Cartars

Fig. 1.4 xmACIS showing the variable selected and "Start and End Year" input areas.

laddress @ http:ffxmacis, rec-acis org/BGM) A4 E’ GO Links
AY BINGHAMTON EDWIN & LINKE FIELD (KEGM
Honthly Totals/Averages
. Average Tewperature (degrees F)
Routine Fears: 1951-2005
konthly Awgs/Totals i
Tear Jan Feb Mar Apr May Jun Jul Aug Sep oot Nowr Dec  Annual
Station: 1951 - - - - - - 69.1 66.0 59.1 51.1 32.1 27.1 50.7
Binghamton, N * 3| | 1952 z5.1 5.6 30.3 47.3 5L.8 65.5 Ti.1 66.8 60.9 44.9 39.5 28.7 46.5
1953 25.2 27.5 33.6 41.8 57.1 65.5 69.4 67.6 61.0 51.5 41.0 31.8 45.0
1954 13.8 30.7 29.6 4%.1 53.2 65.3 67.6 65.1 59.5 52.3 37.0 25.1 46.0
Variable: 1955 19,6 23.9 31.6 48.4 57.9 64.3 74,5 71.7 59.1 51.3 34.5 19.7 46.4
Awg Temperature v 1956 21.0 25.0 26,7 40.6 50.9 65.1 65.5 66.1 55.8 50.3 33.0 31.0 14,7
1957 17.3 26.9 32.6 45.4 54.0 67.8 67.5 6%4.6 60.5 47.0 39.1 30.6 46.1
1958 z1.2 16.9 30.2 44.6 51.7 58.6 65.3 67.6 59.6 45.2 39.5 19.§ 43.8
Start Year: 1950 1959 21.5 23.1 30.8 46.6 58.9 65.3 71.3 71.6 64.3 51.1 36.1 30.5 47.6
1960 25.7 26.1 22.7 48.2 56.7 64.5 66.8 68.0 62.2 48.6 40.6 20.8 45.9
1961 16,7 25.6 32.0 3%.8 52.3 64.5 68.2 66.8 65.9 53.2 37.3 25.0 45.6
End Tear [2005 1962 19,8 18.5 31.0 44.3 59.1 64.5 66,0 66.9 56.9 49.2 34.7 22.8 44.5
1963 15.2 16.6 35.4 45.5 53.5 65.3 67.0 62.8 G54.7 54.5 41.0 19.3 44.6
1964 z4.0 15.5 31.9 43.0 55.4 61.9 7T0.6 65.2 61.2 45.3 42.9 27.9 46.2
1965 13.8 22.7 28.7 40.3 59.1 63.1 66.6 66.6 60.8 46.8 36.9 30.4 45.1
1966 19,0 22.8 33.1 4l.5 50.5 65.8 7l.1 69.4 56.8 46.9 41.1 26.5 45.4
1967 z9.0 15.4 29.4 43.6 47.6 68.2 67.8 66.2 59.1 45.6 32.9 28.9 45.0
1968 17.1 17.3 34.4 45.4 51.3 62.5 69.4 67.0 61.8 49.9 36.7 23.5 45.0
1969 2z.1 23.0 29.9 46.9 56.3 63.8 67.0 67.5 60.1 47.9 37.5 23.5 45.5
15370 16.5 25.0 28.9 45.0 57.0 62.8 67.9 67.2 60.6 50.9 39.2 24.2 45.4
1971 15.6 23.6 28.%4 40,7 5%.3 66.2 65,9 6%.0 62.8 55.4 35.7 30.8 45,3
1972 24.5 20.6 28.1 40.4 58.8 62.2 <7l.5 65.8 59.8 42.8 33.5 29.% 34.8
15973 z5.8 20.1 39,9 45.4 51.5 66.3 70.2 69.6 59,7 52.6 39.5 289.0 47.5
1974 27.2 zz.z 32.0 48.7 52.5 63.2 69.7 68.7 56.9 44.9 37.3 27.8 45.9
1575 24.9 24.4 27.2 37.0 62.0 656.5 7Tz.8 67.4 56.5 51.4 44.6 26.3 46.7
1976 16,8 30.3 35.5 47.0 52.8 67.0 65.7 65.5 57.3 43.7 31.0 20.2 14,4
1977 1z.0 24.1 38.0 47.3 59.0 61.8 69.9 66.5 60.3 46.6 40.2 24.5 45.9
1978 19,1 15.0 2z7.6 41.5 58.5 63.7 68.4 69.5 58.3 47.6 39.2 27.9 44.7
le 5| 1978 z1.1 13.6 37.9 42.5 54.9 62.1 69.0 65.6 55.7 45.4 42.6 31.2 45.6
1980 23.5 20.2z 31.8 46.5 58.8 62.0 70.4 70.6 62.2 44.9 33.7 21.3 45.5
e Cls 1981 15,2 30.7 32.3 47.5 57.2 65.2 69.4 67.8 58.4 46.3 38.2 26.5 46.2
16 £ Feqonal Climate Certarz 1952 14,9 24.4 32.3 82,2 59,7 62.1 69,9 5%4.3 61,0 50.6 42.1 34.3 46.5

Fig. 1.5. xmACIS showing the results for BGM Monthly Totals/Averages for Avg
Temperature from 1950-2004. Note: BGM's data begins in 1951 not 1950.
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Moving the Data to the Station Spreadsheet

1. Set up an Excel spreadsheet.
a. Open a new Excel spreadsheet.

b. Save this spreadsheet as Data_ XXX.xlIs, where XXX is a three letter
identifier for the station you are investigating (Use "File...Save As" in the
menu).

c. Right mouse click on the Sheet 1 tab at the bottom and select "Rename"
from the pop up menu. Name the tab for the data that will be copied into this
sheet (e.g., MNTN [Mean Monthly Temperature] the four letter climate
variable abbreviation assigned by NCDC).

2. Copying the data into the spreadsheet.

Copy the data, 1950-present, (Control-C) including column headings from
xmACIS. Paste (Control-V) it all into the page you named in the previous step
in cell A1. Note: check the years of the data that are displayed. Some
station's data may not be available starting in 1950. So when copying the data
into a spreadsheet, in later steps, make sure you copy the data into the
correct location. For example, if the data starts with 1951 data, copy the data
into the correct starting year, 1951 not 1950. Additionally, instructions below
assume starting with 1950 data. If your data starts with a different year, adjust
instructions accordingly.

3. Formatting the data.
a. From the Data menu, click on "Text to Columns...", this arranges the
spreadsheet data into columns. Use the default values and click "Next " twice
and then "Finish". This will redo the spreadsheet with each data column in a
separate column in your spreadsheet.

b. Save your work and save often.

c. Delete* the Annual column. When you are done, you should have the Year,
Jan, Feb, Mar, etc. in consecutive columns in the spreadsheet.

*To delete unneeded columns, left -click on the letter above the column,
which will highlight that column. Hold down the Control key to highlight
additional columns to be deleted. When you have several highlighted, right-
click in one of the highlighted blue areas and select "Delete" from the popup
menu. If you accidentally delete a column you didn’t intend, from the Edit
menu select "Undo" to restore the lost data. Continue to delete columns until
you have deleted all the unnecessary columns after the Year column.
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Creating the Composite Analysis Spreadsheet:

4. Setup the composite analysis spreadsheet.
Template is available at:

a. Open the template, Composite XXX _MMMYYYY cccc_template.xls. Save
this spreadsheet as Composite XXX _MMMYYYY cccc.xls, where XXX is a
three letter identifier for the station you are investigating, MMM is the 3 letters
of the month the forecast is issued, YYYY is the year, and cccc is the four
letter climate variable abbreviation assigned by NCDC (alternatively, a four
letter identifier you create).

b. Open up the three month period composite analysis sheet (e.g., JFM) that
you wish to examine. This spreadsheet contains 13 labeled sheets (JFM,
FMA, MAM, AMJ, MJJ, JJA, JAS, ASO, SON, OND, NDJ, DJF, JFM).The
three letter identifier represents a 3-month period (e.g., JFM for January-
February-March). Rename the tab with the correct cccc identifier, in this
example, MNTN, so the tab name should now be JJA MNTN.

You should now have two spreadsheets open — the one with the xmACIS
data correctly formatted in it (station data spreadsheet) and the appropriate
station and variable composite analysis spreadsheet with the three month
sheet (composite analysis spreadsheet) for the period you want to
investigate.

5. Copying station data to composite analysis spreadsheet.
See Fig. 1.6 for what the Composite XXX _MMMYYYY _cccc.xls will look like.
a. In Data_XXX.xls, click on the data set tab you will copy (e.g., MNTN). Copy
the Year column starting with 1950 (left mouse click to highlight the Year
column, then, right click to bring up the menu. Select "copy". Your selection
will have dashed lines around it and be shaded blue.

b. Paste the Year column into Composite XXX _MMMYYYY cccc.xls in cell
A2.

b. Place the cursor in Column E in the last cell with a value. Grab the lower
right corner and pull down to the present year. This transfers the formulas
used for the 3-month mean.

c. Place the cursor in cell B56. Grab the lower right corner and pull down to
the present year. This transfers the formatting. Repeat for cell C56 and D56.

d. In Data_XXX.xls. Copy the portion of the data table from the station
spreadsheet for the three month period you are looking at from 1950-present.
(Highlight the data from 1950-present for the three months you wish to
examine using the left mouse button, then right click to bring up the menu.
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Select "copy". Your selection will have dashed lines around it and be shaded
blue.

e. Paste the data into Composite XXX _MMMYYYY _cccc.xls in the
appropriate 3-month sheet in cell B2 (to the right of the year column). We will
now be working solely in this newly named compositing spreadsheet.

f. All values are in red. LEAVE THEM THIS WAY! The cells are formatted
and will change as you complete the rest of the instructions.

6. Calculate a 3-month weighted average of the climate variable.
Note: In the template, this is already formatted! For Leap Year, see the
note below.
a. For each year, the 3-month weighted average should be calculated as
follows:

= [(Month 1 x number of days) + (Month 2 x number of days) + (Month 3 x number of days)] (1)
total number of days in the 3 month period

b. In Excel the formula is shown below for the 3-month weighted average for
1950 in cell E2 (from = ). Only do this if you are creating the spreadsheet from
scratch.

Excel 3 month weighted average = ((B2*nd)+(C2*nd)+(D2*nd))/total nd (2)

where “nd” is the number of days for that month.

Note: For February, use nd=28, but during a leap year use nd=29. This
needs to be changed manually for leap years.

7. Add Oceanic Nino Index (ONI) data.
See Fig.1. 6 for what the Composite XXX_MMMYYYY _cccc.xls will look like.
The ONI data is the 3-month temperature with an event episode, El Nifio,
Neutral, La Nifia, as defined by NOAA's definition of El Nifio/La Nina.

a. Open ONI.xls
i. On the ONI tab, copy the data for the 3-month period from 1950 to
present into cell F2.
ii. On the ONI_word tab, copy the event descriptors for the 3-month period
from 1950 to present into cell G2.

b. Columns F and G should be formatted based on the NOAA operational
definition of El Niflo and La Nifa. You may need to format only additional
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years that were added what is included on the template. To format any
additional cells, follow these steps to format
i. Select column F (ONI data).
ii. From the Format menu, select Conditional Formatting.
iii. For condition 1: cell value is < -0.5 and format Blue
For condition 2: cell value is = +0.5 and format Red
iv. Select column G (Episode).
v. From the Format menu, select Conditional Formatting.
vi. For condition 1: cell value is La Nifia and format Blue
For condition 2: cell value is El Nifio and format Red

Table 1. NOAA operational definition of El Nifio and La Nifia based on sea
surface temperature (SST) departures in the Nifio 3.4 region.
NOAA operational definition of El Nifio and La Nifia

El Nifio SST gep = +0.5°C
La Nifia SSTdep <-0.5°C
Neutral -0.5°C < SSTyep < +0.5°C
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A B C D E F G H

1 APR_ MAY  JUME  AMJ  ONI episode
j 1950 481 534 704 5898044 -14| La Nina
3 1951 536 629 9.9 B14176 0]  neutral
4 1952 548 608 741 53.20659 02]  neutral
5 1953 523 632 736 6303516 0.6] _FlNino
B 1954 539 603 717 6194335 -0.6| La Nina
7 1955 533 652 70 6285934 -0.6| La Nina
8 1955 484 539 724 5988901 -0.6| La Nina
9 1957 532 634 745 B3E9E7 05| FlNino
10 1988 527 531  E7.5 59.75934 0.5 _FlNino
1 1959 534 651 716 6338571 0.1]  neutral
12 190 541 626 722 5296264 0.1]  neutral
13 191 485 586 715 59.55604 0.2]  neutral
14 1982 515 636 727 B261099__ 03|  neutral
15 1963 522 606 708 6122637 -0.1|  neutral
16 194 437 656 713 6223736___ -0.8| LaNina
17 195 507 B7.1 725 B3.47363 04]  neutral
18 1986 485 59 74 6051648 03]  neutral
19 1967 497 55 718 5879121 03]  neutral
20 1968 54 594 692 6085055 -03]  neutral
21 1969 539 629 709 6257033 0.6] _FlNino
22 1970 511 B2B 705 B1.41313 0] neutral
23 1971 496 534 721 6035604 0.8 LaNina
24 1972 476 537 658 57.72198 0.6 _FlNino

4072 Iy L{uiiw] L 4 Eodd s T o Mana

Fig. 1.6. Composite_ XXX _MMMYYYY _cccc.xls showing the 3-month, ONI
data, and episode.

Composite Analysis Instructions Section 1 8



Section 2. Compute Historical Composite
Anal YS IS Last revised 6.10.2005

Creating the Tercile Information

See Fig. 2.6 for what the Composite. XXX _MMMYYYY _cccc.xls will look like.

1. Copy data from 1971-2000.
a. First, copy the years (1971-2000). To do this, highlight cell A23 and drag
the cursor to 2000 year cell (cell A52). With the years 1971-2000 highlighted,
right click on the highlighted area and select copy from the pop-up menu.
Move the cursor to cell |5, right click in cell 15 and select paste from the pop-
up menu.

b. Copy the data from 1971-2000. Left click on cell B23 and highlight all the
data (each month and the 3-month) to present year cell. Right click and
choose “copy”.

c. Remove colored formatting. In column J, highlight cells 15 to 134. From
the “Format” menu, select “Conditional Formatting”. Click "Delete". Check
Condition 1 and Condition 2. Click "OK". Click "OK", again. Repeat this for
column K, cells K5 to K34; column L, cells L5 to L34; and column M, cells M5
to M34.

2. Determine the tercile break points.

a. Highlight the break points for each month and 3-month average. The
tercile information we are looking for are the average of the 10" and 11" slots
(lower tercile) and of the 20™ and 21" slots (upper tercile). The slot position
values are located in column N.

Check if for any missing data. If no data are missing proceed. Otherwise, if
there are missing data, see Table 1 in the Missing Data box below to
determine the slots to average to establish the terciles.

i. Highlight the cells from 15 though cell M34.

ii. Click on the “Data” menu and select “Sort...”.

iii. In the dialogue box that pops up, make sure “No header row” and

"Ascending" are selected. Then choose what column to Sort by, choose

column J and click “OK”.

iv. Select cells J14 and J15 (the 10" and 11™ slots). Right click on these
highlighted cells, and select “format cells”. Click on "Font" tab, under "Font
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Style" select Bold and under “Color” select the dark blue color. Click “OK”.
Those two cells should change color to dark blue.

v. Select cells J24 and J25 (the 20" and 21% slots). Right click on these
highlighted cells, and select “format cells”. Click on "Font" tab, under "Font
Style" select Bold and under “Color” select the red color. Click “OK”.
Those two cells should change color to red.

vi. Reselect the entire tercile table from 15 through M34. Select Data...Sort
and sort using column K. Make sure the “No header row” and "Ascending"
is selected. Select cells K14 and K15 and color these values blue. Select
K24 and K25 and color these values red.

vii. Reselect the entire tercile table from I5 through M34. Select
"Data...Sort" and sort using column L. Make sure the “No header row” and
"Ascending" is selected. Select cells L14 and L15 and color these values
blue. Select L24 and L25 and color these values red.

viii. Reselect the entire tercile table from 15 through M34. Select
"Data...Sort" and sort using column M. Make sure the “No header row”
and "Ascending" is selected. Select cells M14 and M15 and color these
values blue. Select M24 and M25 and color these values red.

ix. Reselect the entire tercile table from |5 through M34. Select
"Data...Sort" and sort using column | to place this table back in its original
order. Make sure the “No header row” is selected.

b. Calculate the divisions between lower, middle and upper terciles.
i. Select cell J2 and place the average between the two blue values
located in this column. This is the lower tercile boundary. Use the true
average of the two values including any ‘halves’ — do not round.

ii. Select cell J3 and place the average between the two red values in
that column.

iii. Do the same for K2 and K3, L2 and L3, and M2 and M3 using the
same technique (results shown in Fig. 2.6).

Missing Data

When there are no missing data, the data are sorted for each month and 3-month
season in ascending order. Then the 10" and 11" slots for the lower tercile value
and 20™ and 21°' slot for the upper tercile value are averaged respectively. With
missing data, the slots that are averaged change.

Some data, especially for the most recent year, may show up as -99999. If you
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have access to these data, via a regional climate center or xmACIS, you will want
to replace the missing data with actual values if available.

What to do for missing data?

After copying your data into the tercile table (1971-2000), sort each month
column, as normal, into ascending order. The missing data will appear at the
bottom of this sort (as -9999, ####, M, or however you indicate the missing
data). These data will not be used.

Table 1 shows the slots to average to determine the lower and upper tercile
values with missing data. In some cases, you use one slot value as the tercile
value, instead of averaging two. For example, with only 29 years of data, you will
use slot 10 as the lower tercile value and slot 20 for the upper. If you have less
than 21 years of data, DO NOT perform composite analysis for that season,
as this is not enough data to make the composite analysis reliable.

Table 1. Determining the upper and lower terciles with missing data.

Slot Positions to Slot Positions to
Average Average

Years of Available

Data for Lower Tercile for Upper Tercile
21 7 8 14 15
22 7 8 15 16
23 8 8 16 16
24 8 9 16 17
25 8 9 17 18
26 9 9 18 18
27 9 10 18 19
28 9 10 19 20
29 10 10 20 20
30 10 11 20 21

Courtesy of Paul Hamilton, CWSU Freemont (formerly NWS Western Region HQ, Hydrology and Climate
Services Division)

c. Tercile break points highlighted.

Note: In the template, this is already formatted!
i. The data table from 1950-present (cell B2-E55 or so) will now show
values in the lower tercile colored blue, the middle tercile colored black,
and the upper tercile colored red. This is done using conditional formatting
which are built into this spreadsheet.

To manually set the conditional formatting, select the data to be formatted
(cell B2-present year cell), then from the "Format" menu, select
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"Conditional formatting". Set the conditions and formatting as follows in
Table 2:

Table 2. Conditional formatting information to manually format data 1950-

present.

Condition 1 | Format Condition 2 Format
Month1 (cell | < cell J2 Blue, bold = cell J3 Red, bold
B2-present year
cell)
Month2 (cell | < cell K2 Blue, bold = cell K3 Red, bold
C2-present
year cell)
Month3 (cell | < cell L2 Blue, bold > cell L3 Red, bold
D2-present
year cell)
MMM (cell < cell M2 Blue, bold > cell M3 Red, bold

E2-present year
cell)
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Fig. 2.6. Composite_ XXX_MMMYYYY _cccc.xls showing the tercile information.

Interrogating the Data

3.

Composite Analysis Instructions Section 2

Sort the 1950-present table by episode.

a. Highlight from cell A2 through G54 (or most current year). On the "Data”
menu click "Sort". Click the “No header row” option and sort by column G.

Click “OK” and the data will sort by episode. (Fig. 2.7)

b. Highlight the El Nifio events.

i. Count the number of El Nifio events in the below (blue), normal (black),
and above normal (red) categories for each separate month and for the
three month season. For example, in April for El Nifio there are 3 below, 6

neutral, and 5 above.




ii. Write these numbers in the appropriate cells J38 to M40 (Fig. 2.8, blue
boxed area). The total event column will automatically fill in as you enter
data into the table.

iii. Make sure that the total number of events for each El Nifo/Neutral/La
Nifa episode is the same for each month and 3-month season.

Tip: An easy way to count the number of occurrences is to use the left
mouse button and highlight the first cell to be counted (e.g., all the below
normal events). Continue holding down the mouse button as you drag the
cursor to the last cell of those events. Above column A at the top of the
spreadsheet, you will see a white box with something like 5R x 1C. The 5in
this case means that you have highlighted 5 below normal events. This
technique will be VERY useful when you are computing neutral cases which
have over 30 events possible.

c. Highlight the La Nifia events.
i. Count the number of La Nifia events in the below (blue), normal (black),
and above normal (red) categories for each separate month and for the
three month season. For example, in April for La Nifa there are 9 below,
2, near, and 6 above.

ii. Write these numbers in the appropriate cells J43 to M45 (Fig. 2.8). The
total event column will automatically fill in as you enter data into the table.

iii. Make sure that the total number of events for each El Nifio/Neutral/La
Nifia episode is the same for each month and 3-month season.
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A B C D E F G
1 APR Pl B JUNE Al M episode
2 1950 823 B3.2 736 B3.03516 0.6] FElNmo
3 1951 532 b3.4 fd5 B3E9E7 0.5] ElNino
4 1952 827 891 B7.8 59755934 0.5] ElNino
] 1943 5348 BZH f0.8 B2.57033 0.6] FlNino
B 1954 47 b 897 Bo.G| 57.72193 0.6] FElNmo
7 1955 502 B3.3 bBE.8 B0.13516 0.7] ElNino
ﬂ 1956 51.7 508 7248 B1.009859 1] El Nino
4 1957 827 B3.3 73 B3.0033 1] Fl Nino
10 1958 s B3.1 4.8 BB.52357 0.7] ElNmo
11 1959 50.4 B1.2 71.2 B0.93626 1.2]  El Nmo
12 15960 524 B5.2 732 B3.BA0SA 1] El Nino
13 15961 52 kB alll /2.4 B1.64335 038] FlNino
14 1962 534 B4.5 70| B2.83721 0.5] ElNmo
15 1963 555 k0.9 72b B2.97R52 5] ElNino
16 15964 43.1 534 J0.4 58596044 -14] LaNma
17 15965 5348 BO.3 717 B1.94835 -0.6] LaNma
15 1966 833 Ba.2 70| B2.35534 -06] LaNma
19 1967 45.4 5849 /2.4 5853901 -06] LaNma
20 1965 497 B5.B 713 B22373R -0.5] La Nma
21 15965 49k 594 /2.1 B0.35604 -0.8] La Nma
22 1970 83 £3.9 727 B1.5044 -0.5] La Nma
23 1971 542 598 B89 B0.93791 -09] La Nma
24 1972 471 Bd.3 B9.7 B0.409859 -09] La Nma
o= 1073 [l c1 5 T4 1 &2 FOOTO 151 T o Mina

Fig. 2.7. Composite XXX_MMMYYYY _cccc.xls showing the data sorted by
episode.
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E F £ H I d K L ful

33| 63.6022 -0.3 neutral 1899 o34 63.1 74 B3.4956
34 | 60.13516 0.7] Fl Nmo 2000 511 63.4 723 B2.2Vmz2
35 | 61.00989 1] El Nimo

36 | B1.72857 -0.5] La Nma STATION COMPOSITES

37 | B2.45714 -0.8] La Nma El Mino  |APR 1A JUMNE A

35 | 63.35604 0.2 neutral Below

39| 63.0033 1] El Nimo Mear

40 | B1.70549 -0.9] La Nma Ahove

41 | B2.26923 -0.6] La Nma total 14
42 | B1.67802 0.2 neutral La Mina |APR MAAY JUME At

43 | 66.52857 0.7] Fl Nmo Below

44 | 6093626 1.2] Fl Nmo Mear

45 | 63.65055 1| Fl1Nmo Ahove B 5 5 3
46 | 64.40879 04 neutral total 1 17
47 | B2.26813 0.2 neutral Meutral  |APR hALY JUME At

48 | B1.56044 0.1 newral Below 7 g 7

49 | B1.64835 0.8] Fl Nmo Mear B B 10

a0 | 62.88791 0.5] Fl Nmo Ahove 10 g B 10
51| 63.4956 -0.7] La Nma total 23

Fig. 2.8 The Station Composites table is shown highlighted by the orange box.
For each event, El Nifio, La Nifia, Neutral, the number of events categorized by
Below, Near, or Above normal are shown for each month and 3-month period
with the total number of events.

d. Highlight the Neutral events.
i. Count the number of Neutral events in the below (blue), normal (black),
and above normal (red) categories for each separate month and for the 3-
month season. For example, in April for Neutral, there are 7 below, 6 near,
and 10 above.

ii. Write these numbers in the appropriate cells J48 to M50 (Fig. 2.8). The
total event column will automatically fill in as you enter data into the table.

iii. Make sure that the total number of events for each episode is the same
for each month and 3-month season.

After completing steps 8b-d, you should have three 4x3 tables with
numbers completed in the station composite table at this point (Fig. 2.8,
orange square area).

e. Station Composite Analysis Probabilities. As you complete the steps

above, you will see the table beginning at cell O38 automatically filling in (Fig.
2.9). These values represent the raw percentage for each event, e.g.,

Composite Analysis Instructions Section 2 8



0.357143 means during AMJ 35.7143% of the years during an El Nifio have
below normal temperatures.

Cell T38-V40 converts the station composite analysis probabilities to percent
and cell Y38-AA40 rounds off the percent.

M [} [® Q R 8 T U Kl Wy * Y z A
35 | STATION COMPOSITE PROBABILITIES
37 | AWM ElMino  Meutral  La Mina A El Mino Meutral La Mina Al El Mino |Meutral La Nina
358 Below 0357143 0.347826 0.411765 Below 3571428571 34.7826087 41.17647059 Below 357 348 41.2
39 Mear 0142857 0.217391 0411765 MNear 1428571429 21.73913043 4117647059 MNear 143 217 41.2
40 | Above 0.5 0434783 0176471 Ahove 50| 43.47826087 17.64705882 Ahove 0.0 435 176

Fig. 2.9. Composite_ XXX_MMMYYYY _cccc.xls showing the 3-month season
raw probabilities of having below, near, above normal temperatures during an
El Nifio, Neutral, and La Nifia based on historical composite analysis.

f. Re-sort the 1950-present data table from cell A2 through G54 based on
column A to restore it to chronological order. From the "Data" menu, select
"Sort". Make sure "no header row" is selected, and then select column A to
sort by.

g. Save the spreadsheets. You have completed the historical composite
analysis for that climate variable for that station. Continue to complete more
climate variables for this station, and for all your composite analysis stations.

h. Calculate the mean 3-month value of the climate variable.
i. In column E, under the last value, type:
=Average(E2:Ex)
where x is the number of the last cell with a 3-month average value.

ii. Format the mean average temperature. Highlight the mean average
temperature. Right mouse click on the cell. Select “Format Cells”. Go to
“Number Tab”. Under “Category” select "Number" and decimal of 1 place.
Click "OK".

iii. In the cell next to this, type "3-month average Temperature".
iv. Create a graphic for the historical composite analysis. In the template
this is already formatted. You will need to edit the chart title and add the mean

of the climate variable. Go to section 6 for detailed instructions on how to
create a graphic manually.
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Section 3: Trend Adjustment Last revised 6.10.2005
Trend Adjustment is not included here, but will be part of the operational
procedure included in the algorithms being developed. There is no additional
work on the part of the local office.

Trend adjustment is performed to correct the climate variable deviating from the
expected trend. When there is an equal distribution of events among the 3
categories, above, near and below, the trend does not need to be adjusted.
However, if there are more colder or neutral years than expected during a
relatively warm period, the trend needs to be adjusted to reflect the actual
observations. The trend adjustment is based on the previous 10 years of data,
and if the deviation from the trend is statistically, then the trend adjustment is
applied using a least squares fit method.
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Section 4: Risk Analysis (Statistical Significance)

Last revised 6.10.2005

This section will assist you in understanding the risk analysis methodology and
provide guidance on creating a formatted Excel spreadsheet from scratch.

Risk Analysis Background/Methodology

Risk analysis assesses whether the composite forecast is statistically significant.
A hypergeometric distribution is used as a proxy to describe the probability
distribution between all possible outcomes of a category within El Nifio or La
Nifia years. A hypergeometric distribution is used in sampling without
replacement from a finite population (each observation is either a success or a
failure) and returns a probability that describes the probability of all possible

outcomes.

The Microsoft Excel function, HYPGEOMDIST, will be used. This function is
based on the following equation:

L)
P(X=x)=h(x,n,M,N) = &

1
N (1)
n
From Microsoft Excel 2002 Help, HYPGEOMDIST
where:
Table 4.1 Explanation of hypergeometric variables
Variable Description Example:
(Excel variable) For Above La Nifia-see
Fig. 4.1 & 4.2

X (sample_s)

the number of successes
in the sample = the #
above, near, or_below for
El Nifio, Neutral, or La
Nifa

For Above La Nina, x=3
(there were 3 Above La
Nifia events counted in
the dataset). This is used
to determine that
statistical significance. If
the # of events falls
within either the upper or
lower tail of the
hypergeometric
distribution, then it is
statistically significant.

n (number _sample)

the size of the sample =

n=17
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# of El Nino, Neutral, or total number of La Nina

La Nifa events
M (population_s) the number of M =20
successes in the sum of number of above
population = total # events for La Nifa,

above, near, or below Neutral, and El Nifo
for El Nifio, Neutral and

La Nifa
N (number_population) the population size = total | N = 54
# El Nino, Neutral, La total # of events
Nifia events

and:
=HYPGEOMDIST (x,n,M,N)

with x, n, M, N corresponding to the appropriate cells in the spreadsheet (Fig. 4.2).

The value returned will be a probability (decimal). There are some instances
where #NUM! error value will appear, these include:

If x<0 or x>the lesser of N or M,
If x< the larger of 0 or (n-N+M),
If n<O or n>N,

If M<O or M>N, or

If N<O
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|
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Fig. 4.1 For the Above La Nifia case, the green pentagon represents # of events,
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63.6022
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61.00989
B1.72357
B2.45714
63.35604

63.0033
B1.70545
B2.265923
B1.67502
66.52857
60.93626
63.65053
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B2.26513
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B1.64335
62.8879H1
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0.2
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Fl Nmo

1.2

FEl Nmo

1

Fl Nmo

04

neutral

0.2

neutral

-0.1

neutral

0.8

Fl Nmo
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Fl Nio

0.7
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I d K L ful

1999 53.4
2000 S5

STATION COMPOSITES
El Mino  |APR Rl A
Below

Mear

Ahove

total

La Mina |APR Pl &
Below

Mear

Abhove B
total

Meutral  |APR Pl &
Below

Mear

Ahove 10

total

B3.1 74 B3.4956
B3.4 72.3 £2.27912
JUNE  AMJ
4 5
4 2
7
14
JUNE  AMJ
7
7
5 5 3
_| 1?54—
JUNE  AMJ
9 7 8
B 10 5
g B Tt
GD

the blue arrow is # of all La Nifia cases — n, the sum of the pink squares

represents M, and the sum of the black circles represents the total # of cases N.
These values then populate the corresponding location in the Risk Analysis table
shown in Fig. 4.2.

k]
i

o
57
o5
59 |

H

53 |[RISK ANALYSIS

1

H
Pl
M

J

Above

La Nina

17

3
20
a4

34 L i
Above Above Below Below Below
Neutral |ElNino La Nina |Meutral |ElNino

23 14
10 7
20 20
a4 a4

outcome # ranges from 0 ton

M o

17 23 14

7 g ]
20 20 20
a4 a4 a4

Fig. 4.2 The Risk Analysis Table shows each event (e.g., Above La Nifia) and
the associated value of the values used for calculations in the hypergeometric
distribution.
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Risk Analysis Procedure/lnstructions

Using the Template
Using the Composite XXX_MMMYYYY _cccc.xls spreadsheet, the risk analysis
will automatically fill in after section 2: Compute Historical Composites Analysis is
completed, BUT you must check some parts of the setup manually. (skip to

Note 2 below if using the template)

Setting up a Template from Scratch
Note 1: The instructions below must be performed in the stated cells in the
Excel worksheet.

a. Set up the "Risk Analysis Table" exactly (your cells should look the same)
as shown in Fig. 4.3. This table will contain the variables needed to calculate the

probabilities to determine whether the category and event is statistically

significant from equation 1. Format each cell from the information in Fig. 4.1, in
the Station Composite section. Table 2 provides the information that needs to be
input into the corresponding cells shown in Fig. 4.3 in the spreadsheet you are
creating from scratch.

H [ J 24 L i i )]

53 |RISK ANALYSIS Ahove Ahove Ahove Below Below Below

54 La Nina |Meutral |ElNino La Nina |Meutral |ElNino

=5 4]

s X

ot i

aln) M

) outcome #ranges from O ton

Fig. 4.3 Risk Analysis Table set up

Table 2. Formatting information for Fig. 4.3

J K L M N (@]
Above La Nina Above Neutral Above El Nino Below La Nina Below Neutral Below EIl Nino

n =M46 =M51 =M41 =M46 =M51 =M41
X =M45 =M50 =M40 =M43 =M48 =M38
M =M40+M45+M50 | =M40+M45+M50 | =M40+M45+M50 | =M38+M43+M48 | =M38+M43+M48 | =M38+M43+M48
N =M41+M46+M51 | =M41+M46+M51 | =M41+M46+M51 | =M41+M46+M51 | =M41+M46+M51 | =M41+M46+M51

b. Setup a table exactly (your cells should look the same) as in Fig. 4.4. for

each: Above La Nifa, Above Neutral, Above El Nifio, Below La Nifa, Below
Neutral, and Below EI Nifio.

L F | &
B2 |Above  Outcome
B3 [La Nina Pi{x)
B4 Sum Px)
65 1-Sum Plx)

H | J
0 1

2

Fig. 4.4 Risk analysis table before formatting for the Above La Nifia

outcome only.
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Table 3 Formatting guide to calculate P(x)

c. Manual formatting instructions for P(x), Sum P(x), and 1- Sum P(x).
For the parameters: P(x), Sum P(x), and 1 — Sum P(x), each cell must be
formatted with the correct formula to calculate each parameter.

The following Table 3 shows the equations to format the outcome=0 cells to
calculate P(x), Sum P(x), and 1 — Sum P(x). Only outcome =0, 1, 2 or shown, but
this would continue in the spreadsheet until the outcome number = n, following
this format. Use this as a guide for the others (above neutral, above EI Nifio,
below La Nifa, below neutral, and below EI Nifio).

Sum P(x), and 1 — Sum P(x)

Outcome 0 1 2

P(x) In cell JB3, type: In cell K63, type: In cell K64, type:
=HYPGEOMDIST(J62,J55,J57 | =HYPGEOMDIST(K62,J55,J57,J5 | =HYPGEOMDIST(L63, J55,
,J58) 8) J57, J58)
where J62 = X, J55 =n, J57 =
M, J58 =N

Sum P(x) In cell J64, type: In cell K64, type: In cell L64, type:
=J63 =J64+K63 = K64+L63

1—Sum In cell J65, type: In cell K65, type: In cell L65, type:

P(x) =1 =1-J64 =1-K64

Note 2: The Outcome number will vary for each (Above La Nifia, Above Neutral,
etc.) depending on the n value. The outcome number is the number of possible
outcomes of a specific event (e.g., Above La Nifia), which ranges from 0 to n. For
Above La Nifa, the number of possible outcomes ranges from 0 to 17, since 17
Above La Nifa events were counted from the dataset. You should have 0...17 in
the Outcome row (see Fig. 4.5 — note the figure is cut off before outcome =17).

On the template, this has been done, BUT depending on the value of n you may
need to add additional formatted cells. This must be determined and entered
manually. This only needs to be completed if outcome is greater than 25.

c. Format information for Fig. 4.4:

If n>25, continue with the information below; otherwise go the next step (d).

For the parameters: Num, P(x), Sum P(x), and 1 — Sum P(x), each cell must be
formatted with the correct formula to calculate each parameter.

The following Table 4 shows the equations to format the outcome=0 cells to
calculate P(x), Sum P(x), and 1 — Sum P(x). Only outcome =0, 1, 2 or shown, but
this would continue in the spreadsheet until the outcome number = n, following
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this format. Use this as a guide for the others (above neutral, above EI Nifio,
below La Nina, below neutral, and below EI Nifo if n>25).

Table 4. Formatting guide to calculate P(x), Sum P(x), and 1 — Sum P(x)

Outcome 26 27 etc.
P(x) In cell AJB3, type: In cell AKB3, type:
=HYPGEOMDIST(AJ62,J55,J | =HYPGEOMDIST(AK62,J55,J57,J
57,J58) 58)
where AJ62 = x, J55 = n, J57
=M, J58 =N
Sum P(x) In cell AJ64, type: In cell AK64, type:
=AJ63 + Al64 = AK63 + AJ64
1—Sum In cell AJ65, type: In cell AKB5, type:
P(x) =1 - Al64 =1 - AJ64

d. Format the upper and lower tails of the hypergeometric distribution. This
must be done manually for the hypergeometric distributions values.

i. Format the following: P(x), Sum P(x), and 1 — Sum P(x) for each Above La
Nina, Above Neutral, Above El Nino, Below La Nifa, Below Neutral, Below El
Nifo using the instructions in Table 5. Information is also provided about what
each of these values represents. The results can be seen in Fig. 4.5.

Table 5. Color formatting instructions for P(x) and distribution tails

What to format How to format | What the formatted values represent
**P(x) = X Black bold and | represents the value that must be
underline compared against the tails of the

distribution to determine statistical
significance

Sum P(x) = 0.10 Blue bold represents the left tail of the distribution

1-Sum P(x) < 0.10 | Red bold represents the right tail of the
distribution

**See Fig. 4.2 or 4.3 to see how to locate the x value.
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[ F ]
Above
La Nina

Neutral

Above
El Nino

Below
La Nina

Below
Neutral

Below
El Nino

—c
Above

G
Outcome
Pl
Surm P
1-Sum Pix)

Qutcome
Pix)

Sum P(x)
1-Sum Pix)

Outcome
Pi)

Sum Px)
1-Sum Pix)

Outcome
Pix)

Surm Px)
1-Sum Pix)

Outcome
P

Sum P(x)
1-Sum Pix)

Outcome
Pi)

Surm Px)
1-Sum Pix)

H
0
4.94897E-05
0.000

1

1]
2.63459E-07
2.63459E07
1

0
0.0004258311
0.000428911

1

0
4.94897E-05
4.94897E05

1

1}
2 B3459E-07
2.63459E 07
1

1}
0.0004258311
0.000428911

1

|
1
0.000534506
0.001
1.000

1
1.00993E-05
1.03627E05

0.999995737

1
0.0057 18511
0.006147722
0.999671089

1
0.000934506
0.000984295

0.29295051

1
1.00993E-05
1.0362TE05

0.999995737

1
0.0057 18511
0.006147722
0.99967 1089

J
2
0.007475

0.000162
0.000173
095933

2
0.032103
0.038251
0.993352

2
0.007478
0.008463
0.992016

2
0.000162
0.000173

0.95993

2
0.032103
0.038251
0.993352

K
3
0.033653
0.042
0.992

3
0.001461
0.001634
0.9995827

3
0.100437
0138748
0.961749

3
0.033653
0.042116
0.991537

3
0.001461
0.001634
0.999827

3
0.100457
0.138748
0.961749

0.005281
0.009915
0.958366

4
0.1857561
0.334508
0.861252

4

0.09535
0.137466
0.957384

4
0.0082581
0.009915
(0.958366

]
0.125761
0.334509
0.861252

I
a
0.180295
0318
0.863

5
0.031466
0.041381
0.990085

4
0.250573
0.585052
0.665431

a
0.130299
0.317764
0.862534

4
0.031466
0.041381
0.990085

a
0.250573
0.585052
0.665491

M
[}
0.235172
0.853
0.652

5
0.083293
0124674
0.958619

B
0.216842
0.601925
0.414918

B
0.235172
0.552936
0.682236

5]
0.083253
0124674
0.955619

[}
0.216842
0.601925
0.414918

o]
7
0.218574
0.7649
0.447

7
0157332
0.262006
0.875326

7
0.128499
0.930424
0.198075

7
0.215574
0.768511
0.447064

7
0157332
0.252006
0.875326

7
0.128495
0.930424
0.198075

P
g
0.140123
0.909
0.231

g
0.215296
0.497302
0.717994

g
0.052203
0.982627
0.069576

g
0.140123
0.908634
0.231489

i}
0.215296
0.497302
0.717994

g
0.052203
0.982627
0.069576

Q
9
0.0B4672

0.215296
0.712597
0.502698

9
0.014401
0.957028
0.017373

9
0.064672
0.973306
0.091366

9
0.215296
0.712597
0.502658

9
0.074401
0.957028
0.017373

R
10
0.021075

10
0.157884
0.870451
0.287403

10
0.00264
0.995665
0.002972

10
0.021078
0.994385
0.026694

10
0.157354
0.570451
0.287403

10
0.00264
0.995665
0.002972

5 =

N

11 o

0.004781 0.
0.929
0.006

11
0.054814
0955285 0
0129519

1
0.00031
0.999977
0.000332

11
0.004751 0.
0.999175
0.005615

1
0.084514
0955285 0.
0129519

1

000031 2.1
0.9299777 1.0
0.000332| 2.2

Fig. 4.5 Risk Analysis data showing the probability P(x) for each outcome. Blue
(red) values represent the left (right) tail of the distribution, and the bold
underlined value is the probability for the outcome to be compared to the left and
right tails to determine statistical significance.

The probability distribution for the above temperature category during La Nifia is
shown in Fig. 4.6 and 4.7. Figure 4.6 shows the left tail of the distribution in blue
and Fig. 4.7 shows the right tail of the distribution in red. Both tails indicate a

statistical significance level of 10% (90% confidence).
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Probability of Number of Possible Outcomes for
the Above Temperature Category
during La Nina
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Fig. 4.6. The probability distribution for all possible outcomes for the above temperature
category during La Nifa. The right tail of the distribution is shown in blue. The pink arrow
points to P(x)=3 (this is the number of actual observed above temperature events during
La Nifia) and is within the right tail, so this is statistically significant.
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the Above Temperature Category
during La Nina
25
20 —
< _
> 15 —
E
a2 10 -
2
o
5 I N
[:I T T - T H T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Number of possible outcomes

Fig. 4.7. The probability distribution for all possible outcomes for the above temperature
category during La Nifa. The left tail of the distribution is shown in red.
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ii. Determining Statistical Significance

A 10% statistical significance level will be used (this is the same as a 90%
confidence interval). The values formatted in blue and red represent the 10%
lower (blue) and upper (red) "tails" of the probability distribution function (bell
curve) and define the values for "significance". The statistical significance needs
to be manually assessed, this is not automated.

Determining Statistical Significance Test
Is the black bold value in the spreadsheet within the upper (red) or lower (blue)
tail?

If Yes, then it is statistically significant!

If No, then it is NOT statistically significant.

For example, in Fig. 4.5, for Above La Nifia, x=3 and the bold value, P(x) =
0.033653, falls within the blue values, 0 — 0.042. Therefore, if the black, bold
value is within the tail (either within the red or blue values), the historical
composite analysis is statistically significant to the 10% (p = 0.10) level.

If any of the risk analysis values (above La Nifia, above Neutral, above El Nifio,
below La Nina, below Neutral, below El Nifio) show statistical significance, then
proceed to making the composite analysis forecast.

If none of the risk analysis values (above La Nifa, above Neutral, above El Nifio,
below La Nina, below Neutral, below El Nifio) does not show statistical
significance, then no forecast is made and instead climatology will be provided.

e. Indicate statistical significance on the historical composite analysis
graphic. Statistical significance is indicated in Fig. 4.8 by the bold line around the
bar corresponding to the above temperature category during La Nifia. Section 6
provides more instructions on how to make a bold line around a temperature bar.
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APR-MAY-JUNE 1950-2003 Historical Mean Monthly
Temperature Composite Analysis Probability of El Nifio/lLa
Niria Events for LaGuardia, NY using the Oceanic Nirio
Index
B0
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E_ 40
2 30
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o
10 +— —
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El Mifio Meltral La Mifia
Eelow 357 348 412
MNear 14.3 2170 412
Above 20.0 435 176
*Mean AMJ Monthly Temperature =619 F

Fig. 4.8. Historical composite analysis with statistical significance indicated by

heavy black line around above La NiAa.
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Section 5: Composite analysis forecast Last revised 6.10.2005

The Composite Analysis Forecast

1. Make the composite analysis forecast.

a. Copy the 3-month period CPC Forecast (consolidated forecast for Nifio
3.4 SST) from
http://www.cpc.ncep.noaa.gov/products/precip/CWIink/ENSO/sstcon34.txt
into cell P45 to R45 (Fig. 2.10).

b. Make the forecast. This is already formatted in the template, below is
an explanation of how the forecast is calculated.

If using the template, the forecast will automatically fill-in cell P48 to R48 as
previous steps are completed (Fig. 5.1).

For the 3-month period, the equations to compute the forecast probabilities
are as follows:

Pstation _ Pstation . * PNin03.4 i Pstation * PNin03.4 n Pstation . * PNin03.4 (1)

above above/ EINino above above/ Neutral near above/ LaNina below

Pstatlon _ Pstatlon ' * F)Nmoz’».4 n Pstatlon * PN|n03.4 n Pstatlon . * PN|n03.4 (2)
near near / EINino above near / Neutral near near / LaNina below

Pstatlon _ Pstatlon _ * I:)Nlno?:.4 n Pstatlon * PN|n03.4 n Pstatlon _ * I:)N|n03.4 (3)
below below/ EINino above below/ Neutral near below/ LaNina below

This translates into the following: the above composite analysis forecast (Papove)
is calculated by taking "the probability to be in the above normal category given
El Nifio" x the "forecast probability of Nifio 3.4 in the above category" + the
"probability to be in the above normal category given Neutral" x the "forecast
probability of Nifio 3.4 in the near normal category" + the "probability to be in
the above normal category given La Nifia" x the "forecast probability of Nifio 3.4
in the below normal category", or

Pabove = (0.5 x 0.176) + (0.435 x 0.806) + (0.176 x 0.017) (4)
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http://www.cpc.ncep.noaa.gov/products/precip/CWlink/ENSO/sstcon34.txt

Equation (4) uses data from Fig. 2.9 in section2 cells 040 to Q40 and Fig. 5.1
cells P45 to R45.

Slmllarly, fOf Pnear and Pbe|0w
Prear = (0.143 x 0.176) + (0.217 x 0.806) + (0.412 x 0.017) (5)

Poelow = (0.357 x 0.176) + (0.348 x 0.806) + (0.412 x 0.017) (6)

The above forecast needs to be completed for each 3-month period (13 leads).

Note: Cells P50 to R50 convert the raw forecast to percent and cells P52 to
R52 round of the percent to 1 decimal place.

0 P Q R 3 T U b W " i
43 |CPC Forecast (consolidated forecast for Mino 3.4 SST) http: e cpe.ncep. noaa. govfproducts/precipf CWIink/ENS O/ stcon3d. txt
44 Below Maormal — Above
45 | Al 0.017 0.805 0176
46 [FORECAST based on station cormposites and CPC Mino 3.4 55T farecast
47 Below Mormal — Above
48 Al 0350205 020736 0441435
49 Bielow Marrmal — Above
S0 Al 35,0205 20.73602| 4414348
a1 Below Mormal  Above EC EC= Equal Chance =33%
52 Akl 3=0 207 441 33

Figure 5.1. Composite XXX_MMMYYYY _cccc.xls showing the composite
analysis forecast.

Note: Equal changes is 33% for each category (below, near, above).
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Section 6: Creating Composite Analysis Products

Last revised 6.10.2005

Creating Graphical Products

Two graphical products will be produced, a Historical Composite Analysis and a
Composite Analysis Forecast, for each 3-month period. The exact product
presentation has not been fully developed yet. The final operational design
may be different.

1. Historical Composite Analysis Graphic (Fig. 6.1).

Note: In the template, this is already formatted!

You must edit the chart title and add the mean of the climate variable.
Creating a historical composite analysis graphic manually:

a. Select cells Y37 to AA40 and click on the chart wizard icon.

b. Select "Column" as the type of chart. Click "Next".

c. On the "Data Range" tab, under "Series In" select "rows". Click "Next".

d. On the "Title" tab, type a label for the x and y axes and type a descriptive chart
title. On the "Data Table" tab, check "show data table". Click "Next

e. Select "Save as an object in". Click "Finish".
f. Change/modify the chart as needed.
g. Add the EC line to the chart (EC is equal chances = 33%).

h. Add a text box below the chart and add the mean climate parameter value for
the 3-month period.

Indicating Statistical Significance on the Historical Composite Analysis
graphic (Fig. 6.1)

Statistical significance can be shown on a historical composite analysis graphic.
In Fig. 6.1, statistical significance is indicated by a bold outline around the bar on
the graph for Above La Nina.

To create a bold line around a bar:

From the Risk Analysis section, is any of the data statistically significant?

Yes, continue with instructions below to place a bold line around the
appropriate bar for the event in the figure you created.
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No, stop you are finished with this chart.

1. Right mouse click on the bar and a square will appear in the center of the
bar.

2. Left mouse click inside the bar. The bar will appear selected.

3. Right mouse click inside the bar. A menu will appear. Select "Format
Data Point".

4. On the "Patterns” tab, under "Border" select "Custom" and select the
color and weight (of the line to be place around the bar).

5. Click "OK". A bold line should now be around the bar.

APR-MAY-JUNE 1950-2003 Historical Mean Monthly
Temperature Composite Analysis Probability of El Nifio/La
Niria Events for LaGuardia, NY using the Oceanic Niro
Index
B0
50
=
E_ 40 ———————
2 a0 ————
L
2 20 ——— ———
o
10 +— — — —
1] : )
El Mifio Meltral La Mifia
Eelow 357 24 8 412
MNear 14.3 2170 412
Above 20.0 435 176
*Mean AMJ Monthly Temperature =619 F

Fig. 6.1. Historical composite analysis probability based on El Nino/La Nina.
Statistical significance is indicated by heavy black border around the bar for the
above temperature category for La Nina.
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2. Composite Analysis Forecast Graphic.
Note: In the template, this is already formatted! You must edit the chart title
and add the mean climate parameter value.
Creating a composite analysis forecast graphic manually:
a. Bar Graph (Fig 6.2).
i. Select cells P51 to R52 and click on the chart wizard.

il. Select "Column" as the type of chart. Click "Next".

iii. On the "Data Range" tab, under "Series In" select "columns". Click
"Next".

iv. On the "Title" tab, type a label for the x and y axes and type a
descriptive chart title. On the "Data Table" tab, check "show data table".
Click "Next".

v. Select "Save as an object in". Click "Finish".

vi. Change/modify the chart as needed.

vii. Add the EC line to the chart (EC is equal chances = 33%) by drawing a
line and adding 'EC' in a text box (see Fig. 6.2).

viii. Add a text box below the chart and add the mean climate parameter
value for the 3-month period.
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Mean Monthly Temperature FORECAST for APR-
MAY-JUNE 2004 for LaGuardia, NY based on
historical El Nino/La Nina station composite

analysis and CPC Nino 3.4 forecast using the

50 Oceanic Nino Index

T 40
230 EC
0
820 44—
2
o 1m0 44—

0
Below 350
Mear 207
Above 44 1

*Mean AMJ Monthly Temperature =619 F
EC =Equal Chance

Fig. 6.2 Composite analysis forecast for a 3-month period. Equal chance (EC;
33%) is indicated by the heavy black line.

b. Pie Chart Graphic (Fig. 6.3).

I. Select cell P51 to R52.

ii. Click on chart wizard and select "pie" as the chart type chart. Click "Next".
iii. On the "Data Range" tab, select "rows". Click "Next".

iv. On the "Title" tab, type a label for the x and y axes and type a descriptive
chart title. On the "Data Labels" tab, check "category name" and "percentage".
Click "Next".

v. Select "Save as an object in". Click "Finish".

vi. Change/modify the chart as needed.

vi. Add a text box below the pie chart and add the mean climate parameter value for
the 3-month period.
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Mean Monthly Temperature FORECAST for APR-
MAY-JUNE 2004 for LaGuardia, NY based on
historical El Nino/La Niha station composite
analysis and CPC Nino 3.4 forecast using the

Oceanic Nino Index

Below
Above 35%
44%
Near
21%

* Mean AMJ Monthly Temperature = 6189 F

Fig. 6.3. Composite analysis forecast for a 3-month period. Equal chance is 33%.
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Section 7: Hindcast and Forecast Verification

Last revised 6.10.2005

Hindcast Forecast

Hindcast Forecast is not included here, but will be part of the operational
procedure included in the algorithms being developed. The local office is
responsible for interpretation of the hindcast forecast.

Verification is usually done on past forecasts; however, since composite analysis
is a new forecasting tool, past forecasts are not currently available. Therefore,
verification will use hindcast forecasts of station composite analysis and archived
CPC Nino 3.4 forecasts. CPC EIl Nifio/La Nifia forecasts are available from 1982
to the present. The hindcast forecast will be compared to the observations, and
different measures of verification, like Ranked Probability Score, Ranked
Probability Skill Score, and the Heidke Skill Score will be produced.

Forecast Verification

Composite Analysis Forecast Verification is also not included here, but will be
part of the operational procedure included in the algorithms being developed.
The local office is responsible for interpreting the verification results.

Verification provides information about the quality, reliability, and confidence of
the product. This information can then serve as guidance for improving the
product and help customers with their decision-making. Verification on local
composite analysis forecast products will be centrally produced and provided to
field offices.
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Section 8: Resources

Last revised 6.10.2005

Web pages

CPC Nifio 3.4 SST consolidated forecast
http://www.cpc.ncep.noaa.gov/products/precip/ CWIink/ENSO/sstcon34.txt

Seasonal ONI (1950-present)

http://www.cpc.ncep.noaa.gov/products/analysis monitoring/ensostuff/ensoyears.shtml

Seasonal Climate Prediction for Regional Scales

http://www.ccnmtl.columbia.edu/projects/climate/

XxmACIS — Applied Climate Information System

http://xmacis.rcc-acis.org

Climate Professional Development Series, Instructional Unit 4

http://www.nws.noaa.gov/om/csd/pds/pcud/index.htm

Climate Operations Course

http://www.comet.ucar.edu/class/common/html/course_descrip.html#
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