Drought and Climate Extremes
Indices for the North American Drought
Monitor and North America Climate
Extremes Monitoring System

Richard R. Heim Jr.

NOAA/NESDIS/National Climatic Data Center
Asheville, North Carolina, U.S.A.

DRI Precipitation and Drought Indices Workshop
30 April 2009, Toronto, Ont., Canada




Outline

v Background of the North American Drought Monitor (NADM)
v Drought and precipitation indicators that support the NADM

v Background of the North America Climate Extremes
Monitoring (NACEM) System

v’ Extremes indices utilized in the NACEM

v' Background and components of the U.S. Climate Extremes
Index (CEI)

v" Snow Climatology indicators (if we have time)




North American Drought Monitor (NADM)

v NADM is an operational product issued monthly that provides a general
summary of current drought conditions across North America; first issued
publicly in 2003.

v Drought conditions in each country determined by sp ecialists in that country.

= The weekly U.S. Drought Monitor from the week closest to the end of the month is used in
the U.S.

v Participants:

= U.S. (most of the USDM authors):

> NOAA (NCDC, CPC) North American Drought Monitor

> USDA / JAWF September 30, 2006 They e ek s onedint]

Released: Wednesday, October 18 2006

Canada- Trevor Hadwen
Dwy e Chobanik
rtez

» NDMC

= Canada:
» Agriculture & Agri-food Canada
» Meteorological Service of Canada
= Mexico:
» National Meteorological Service (SMN)

v NADM is an international partnership, a NOAA
example of the implementation of GEOSS of

the Amerlcas
ST, http /lwww.ncdc.noaa.gov/oa/climate/monitoring/drought/nadm/index.html




NADM Continental Drought Indicators

v Drought conditions in US, MX, CN are determined independently based on
different data, indices, & analyses within each country by analysts in each country
v Drought indices covering entire continent are neede d
= Same indices, same standardizing period (1951-2001) , same methodologies
» This consistency needed for depiction across intern ational boundaries

v’ Issues concerning the regional applicability of drought indices (e.g., Palmer
Indices, SPI) — even definition of drought

Palmer Hydrological Drought Index 24-Month Standardized Precipitation Index
September 2006 October 2004 - September 2006

Percent of Long-Term Average Precipitation, 60-Month
October 2001 - September 2006

* Based on
Preliminary Data
** Calibration Period
1951 - 2001




NADM Continental Drought Indicators

egetation Health Index
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v' Palmer Drought Index (PHDI, Z Index, =
modified PDSI [PMDI or PDI])

v' Standardized Precipitation Index (SPI)
(1-, 2-, 3-, 6-, 9-, 12-, 24-month)
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USDM & NADM Obijective Blends

v Objective blends integrate multiple indicators into a product
update using a percentile ranking method

v All parameters are first rendered as percentiles with
respect to a standard period using a percent rank method

v' The parameters (drought indicators) are then combined
using a weighting scheme

v Short- and Long-Term Blends produced
v Need serially complete data

< Operationally produced weekly for USDM using NOAA/CPC'’s real-time
daily and weekly climate division data and NOAA/NCDC'’s monthly archive of
indices for 1932-2000

s Experimental for NADM; monthly; use gridded temperature, precipitation,
& Palmer index fields for North America; 1895-2005




USDM Objective Blends

(DO-to-D4 equivalent):

(DO-to-D4 equivalent):

Objective Short-Term Drought Indicator B lend Percen tiles
- puts (as percentiles) :
3 Sep tem ber 27; 2008 3% Palmer Z-Index
3-Month Precipitation
1-Month P recipitaion
13% CPC Soil Moisture Medel
% Pslmer Drowght Index

: . NWS / NCEP
. . ) Climate
Percentile (Di-to-D4 equivalent) Prediction
ot 2 (D4 T0to 80 Wio 7O [ Center
Gt 5 (DT B0 to 50 These maps are based on preliminany NESDIS
5to 10 (0Zy | S0to 55 dirmate division data. Local condiions National
101020 (D7) [ 3510 38 sndior final dsta may diffier. Seethe dimatic
201030 (D0} I & to 100 . product desoiption for more details. Data Center

Objective Long-Term Drought Indicator Blend Percentiles
; September 27, 2008

- . NWS / NCEP
Inputs (a5 tiles): -
— =188 emen- Climate
5 f'_a\ll'r,ral t}:}gm k?;lltilt!'-:ax Predicton
X 2-Month Precipitation ) Center
0% 24-Month Frecipitstion 207 PHD
15 Month Frecipitaton 3P B0-Month Avg Findex NESDIS
10% G0-Month Precipitstion  10% 60-Month Preciptagion National
10% CPC Soil Moisture Model 10% 24-Month Prec paton dimatic
1 Month P rec pafion Data Center

10% GPC Z0d Moiature Modsl
The short-term map {top) approximates impacts that respond to precipitation ower the course of several days to a few months, such as
agriculture, to psoil meisture, unregulated streamflows, and mo st aspects of wildfire danger. The leng-term map (bottom) approximates
impacts that respond to precipitation ower the course of several months to a few years, such as reservoir content, groundwater depth,
and lake levels. HOWEVER, the relationship between indicators and impacts can wvary significantly with lecation and season. THIS 15
PARTICULARLY TRUE OF WATER SUPPLIES, which are additionally affected by source, and management practices.



NADM Objective Blends

Short-Term Objective Blend Drought Indicator Percentiles
December, 2005

Short-Term Objective Blend Drought Indicator
F are a weighted average of precip
and drought indices comprised of 35% Palmer
Z-Index, 30% 3-month precipitation, 25%
1-month precipitation and 109 PMDI
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[ ] s0%1070%

Based on monthly temperature and precipitation data from
the U.S.A., Mexico, and Canada gridded by NOAA/NCDC

v' Long-term blend components:
= Palmer Hydrological Drought Index (30%)
=  60-month Palmer Z Index (20%)
= 60-month precipitation (20%)
= 24-month precipitation (10%)
= 12-month precipitation (10%)
= 6-month precipitation (10%)

ol o v NADM percentiles based on 1895-2005
el v" 0.5x0.5-degree gridded data base
v" Short-term blend components:

= Palmer Z Index (35%)

= 3-month precipitation (30%)
= 1-month precipitation (25%)
= Palmer Drought Index (10%)

Long-Term Objective Blend Drought Indicator Percentiles
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B &5
'-» % ' _.
# g \

RN
oy

x,
"‘“Grz%'?—ﬂ‘\'ﬁ

Long-Term Objective Blend Drought Indicator ‘.‘.’._ Y 8

Percentiles are a weigh ge of p o . = 1
and drought indices comprised of 30% PHDI, | i LW ~ ip
20% 60-month Z-index and precipitation, and ! v b Q- 4

10% of 24-, 12- and 6-month precipitation ) ¢ * i’
id
N i)

B iz [ 70%toson

B 05 (03) B 80%to90%

[ swiwi%oz Bl s0%to95%

[ 10%t020% 1 W 95%t098%

] 20%t030%(o0) [ 98%t0100%
[ ] s0%t070%

i

-‘:‘*‘ : R
e

.:_

7

»

4

Based on monthly temperature and precipitation data from N \$‘a \ ﬂ
the U.S.A.; Mexico, and Canada gridded by NOAA/NCDC ; = g

7




North America Climate Extremes
Monitoring (NACEM) System

v Purpose: Improve the scientific understanding of
observed changes in extreme climate conditions

v From a set of 27 core climate extremes indices, as ubset
of 12 are being analyzed at this time

= Based on work of WMO Expert Team on Climate Change Detection
Monitoring and Indices

v Data Base consists of daily temperature and
precipitation data from 1955-present for stationsa  cross
Canada (210 stations), US (750), and Mexico (300)

http://www.ncdc.noaa.gov/nacem/nacem.html

l"‘




NACEM Web Page

% North America Climate Extremes Monitering (NACEM) - Mozilla Firefox
Fle Edit Yew Hitory Bookmarks Took  Help

@ - -@ B = [ repwmncden Rl - &) G-

/ P d t [ AP Getting Started 5 Latest Headines
National Climatic

"’ NOAA Satellite and Information Service -~
Data Center
0oc >

National Environmental Sateliite, Data, and Information Service (NESDIS) U.5. Department of Commerce

DOC > NOAA > NESDIS = NCDC > NACEM Search Field Search NCOC

= Monthly/seasonal maps of
trends and anomalies for North
America or the 3 individual
countries

@ Spatial Mapping: | SelectRegion v © Station Time Series: | SelectCountry v

» Stations can be subsetted based ©
on elevation, trend significance,
percent of available data selectinaeator: [V i 57 51 c

Mumber of Frast Days (Tmin <0 °C)
MNumber of Summer Days (Tmax > 25 °C)
Mumber of Icing Days (Tmax< 0°C)
Mumber of Tropical Nights(Trmin > 20 °C)
- = = = = Growing Seasan Length

= Time series graphs of individual
Percentage of Days when Tmex < 10th percentile
Percentage of Days when Trin > 80th percentile

Background |Percentage of Dayswhen Trmin < 10th percentie

- Greatest b-day Total Rainfall
Statl O n ata The Intergovernme Assessment Report (TAR)

Simple Precipitation Intensity Index
murn Length of D Il
concluded that mast of the observed warming of the last 50 years is likely to have been due to an
increase in greenhouse gas concentrations (IPCC, 2001). This report also concluded that other
aspects of climate such as precipitation, arctic sea ice extent, sea level, and snow cover were also
influenced by changingclimate conditions

@-

However, findings with regard to changes in extreme events such as heat waves, drought, and
heawy precipitation events were far less conclusive than those for changes in mean conditions. This
web site is being established in an effort to improve the scientific understanding of observed changes
in extreme climate conditions

[l nata and Indices
Done

http://www.ncdc.noaa.gov/nacem/nacem.html
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NACEM Indices

Number of Frost Days (Tmin <0 C)

Number of Summer Days (Tmax > 25 C)

Number of Icing Days (Tmax <0 C)

Number of Tropical Nights (Tmin > 20 C)
Growing Season Length

Percentage of Days when Tmax > 90th percentile
Percentage of Days when Tmax < 10th percentile
Percentage of Days when Tmin > 90th percentile
Percentage of Days when Tmin < 10th percentile
Greatest 5-day Total Precipitation

Simple Precipitation Intensity Index

Maximum Length of Dry Spell (Pcp <1 mm)

North America

Percent of Days TMax > 90th Percentile
March, 1998

percent of days tmax

@

42500505769 MCGRATH WSO AIRPORT United State:

Per IDIysTI‘u'I ‘JOIIP I (%) M ch, 1955-2006
Trend= 0.9 %idecade SJIf 6.0%

__ahtvtp://wvmm.ncdc.noaa.gov/nacem/nacem.html
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U.S. Climate Extremes Index (CEl)

Integrates several climate components into a standardized national
index to monitor & analyze climate extremes in the U.S.. Components:

= Monthly max & min = Monthly PDSI

temperature = Landfalling tropical storm Period of record:
= Daily precipitation & hurricane wind velocity 1910-present
(experimental)
Data:
= USHCN v2 stations (temp & precip) U.S. Climate Extremes Index
supplemented with TD3200 A etozo08
= Climate divisions (monthly PDSI) o] o
= HURDAT (tropical cyclone wind velocity) l \ ” K/
The components are converted to i |’ , Ir‘ NiIEE
T %% | Lo Lt » £
percentlles g 12 | ! | “| “I l :g E = Actual Percent
. ] il 1 i e e
Upper & lower tenth percentile threshold 0 "
Percent area of the country with each g} z

1910 1920 1930 1940 1950 1860 1970 1880 1990 2000

component exceeding the threshold




“Step 2"
(component 2):
percent area of
- the U.S. with
minimum
temperatures
above and
below the tenth
percentile

CEIl Components

U.S. Climate Extremes Index: Step2
Summer (Jun-Aug)
1910-2008

Percent (%)
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Year
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Year

Percent area above 90th

_/:/ percentile (warm nights)
L 20
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Much Below
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== Average Percent

=== 5-Yr Moving Avg

Percent area below 10th
percentile (cold nights)
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Total percent area above

b % 90th percentile & below
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Combined Percent
== Average Percent
=== 5-Yr Moving Avg



Percent (%)

Percent (%)

Annual CElI Components

Tmax

U.S. Climate Extremes Index: Step1

P m'u o

cool days

Annual (Jan-Dec)
1910-2008
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U.S. Climate Extremes Index: Step2
Annual (Jan-Dec)
1910-2008
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Annual CElI Components

* Component 5: % area with much greater than normal number of days with precipitation (top) &

Percent (%)

Percent (%)

U.S. Climate Extremes Index: Step3

severe wet spell

Annual (Jan-Dec)
1910-2008

severe
drought

1910 1920 1930 1940 1950 1960 19?0 1980 1990 2000

SEeve

Ll

1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

Year

re drought or wet spell

Year

Percent (%)

Percent (%)

Percent (%)

Percent (%)
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U.S. Climate Extremes Index: Step5
Annual (Jan-Dec)
1910-2008
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Percent (%)

Annual CElI Components

Component 4: twice the percent of

the U.S. with much greater than

normal proportion of precipitation

derived from extreme (> 90t
percentile) 1-day precipitation
events (wet days).

U.S. Climate Extremes Index: Step4

Annual (Jan-Dec)
1910-2008
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Component 6 (experimental): sum of squares
of U.S. landfalling tropical storm and
hurricane wind velocities scaled to the mean

of the first 5 indi

U.S. Climate Extremes Index: Step6

cators.
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Annual CEl

Without component 6 (tropical With component 6 (tropical storm
storm & hurricane wind velocities): & hurricane wind velocities):
U.S. Climate Extremes Index U.S. Climate Extremes Index
Annual (Jan-Dec) Annual (Jan-Dec)
1910-2008 1910-2008
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(time check)

NOAA'S National Climatic Data Center il



Thank-You!

Richard.Heim@noaa.gov

http://www.ncdc.noaa.gov/oa/climate/monitoring/drou ght/nadm/index.html
http://www.ncdc.noaa.gov/nacem/
http://www.ncdc.noaa.gov/oa/climate/research/cei/ce  i.html
http://www.ncdc.noaa.gov/ussc/
http://drought.unl.edu/dm/monitor.htmi
http://drought.gov

http://www.ncdc.noaa.gov/oa/climate/research/monito ring.html




U.S. Snow Climatology Indices

v Purpose: Create a snow climatology for Cooperative
Network stations to support NOAA National Weather
Service operations & FEMA snow disaster declaration
activities

v' Period of record daily snowfall & snow depth data w ere
analyzed

v Dally & monthly climatologies were computed

v' Station History metadata and Quality Control & Inve  ntory
(QCI) statistics were compiled to assistthe useri  n
evaluation of station quality and for station selec tion

http://www.ncdc.noaa.gov/ussc/




U.S. Snow Climatology — Snow Indices

= Monthly & seasonal total snowfall
= Daily & multiple-day periods extreme snowfall

= Number of days (& multi-day periods) with snowfall >= various
thresholds

= Number of consecutive days with snowfall (>=0.1in. & >=1.01in.)
= Monthly probability of receiving snowfall
= Daily probability of receiving snowfall beyond various thresholds

= Earliest, latest, & median dates with snowfall beyond various
thresholds (snow season length)

= Extreme (1-day, 2-day, 3-day) snowfall corresponding to 4 return
periods (10-yr, 25-yr, 50-yr, 100-yr)

= Median and extreme daily snow cover (snow depth [SD])

= Number of days with snow cover (SD beyond various thresholds)

= Number of consecutive days with snow cover (SD >=1in.)

= Daily probability of having snow depth beyond various thresholds




U.S. Snow Climatology — Statistics

= Mean

= Median

= Extremes (minimum, maximum, top 10 smallest, top 10 greatest)
= Quartiles

= Daily & monthly probabilities

* Frequencies

= Number of years with non-missing data




Thank-You!

Richard.Heim@noaa.gov

http://www.ncdc.noaa.gov/oa/climate/monitoring/drou ght/nadm/index.html
http://www.ncdc.noaa.gov/nacem/
http://www.ncdc.noaa.gov/oa/climate/research/cei/ce  i.html
http://www.ncdc.noaa.gov/ussc/
http://drought.unl.edu/dm/monitor.htmi
http://drought.gov

http://www.ncdc.noaa.gov/oa/climate/research/monito ring.html




