
Update:
Ecological Marine Units (EMU) Project

3rd ODIP II Workshop
7 March 2017, Hobart, Tasmania, Australia

Dawn Wright, Chief Scientist, Environmental Systems Research Institute (aka Esri)
Affiliated Professor, Oregon State University

dwright@esri.com

Roger Sayre (USGS), Sean Breyer, Kevin A. Butler, Keith VanGraafeiland (Esri), Kathy 
Goodin (NatureServe), Maria Kavanaugh (WHOI), Mark Costello (U. of Auckland), Noel 
Cressie (U. of Wollongong), Zeenatul Basher (USGS), Peter T. Harris (GRID-Arendal), 
John M. Guinotte (USFWS)



!"#$%&'($)&$*'&+,-#$)"#$./*$/0+$+/)/$%/1$-&..2112&0#+$34$)"#$5'&,*$&0$6/')"$
731#'8/)2&019$/$.202$:;02)#+ </)2&01=$&>$1&')1 -&0121)20? &>$/@.&1)$ABB$0/)2&01$-&@@/3&'/)20? )&$
3,2@+$)"#$5@&3/@$6/')"$731#'8/)2&0$C41)#.$&>$C41)#.1$D567CCE$20$F$C&-2#)/@ G#0#>2)$H'#/1$
DH?'2-,@),'#9$G2&+28#'12)49$I@2./)#9$J21/1)#'19$6-&141)#.19$60#'?49$K#/@)"9$L/)#'9$/0+$
L#/)"#'EM$!"#$?@&3/@$#-&141)#.$./**20?$)/1(9$/1$+#>20#+$"#'#9$21$/$(#4$*'&?'/.$%2)"20$)"#$
567$G2&+28#'12)4$731#'8/)2&0$<#)%&'($D567$G7<E$/0+$)"#$567$6-&141)#.1$N02)2/)28#$D567$
6I7EM

70#$2.*) )"20?$)&$.#0)2&0$21$)"/)$)"#$6O;1$%#'#$'#@#/1#+$/0+$@/,0-"#+$/1$/0$#/'@2#'$
-&0)'23,)2&0$)&$)"#$P'#12+#0)Q1$I@2./)#$J/)/$N02)2/)28#M$
!"#$6O;1$/'#$0&%$&0$)"/)$@21)$&>$I@2./)#$J/)/$N02)2/)28#$DIJNE$'#1&,'-#19$/0+$&>$-&,'1#$/'#$
'#?21)#'#+$&0$+/)/M?&8M$<&%$)"#$6R;1$1"&,@+$3#$-&012+#'#+$/$12.2@/'$-&0)'23,)2&0$3,)$>&'$)"#$
./'20#$#082'&0.#0)M$C20-#$S/32#0$%/1$/0+$21$/**/'#0)@4$1)2@@$#0?/?#+$%2)"$)"#$IJN9$)"21$21$/$
./T&'$"&&($20)&$L"2)#$K&,1#$20)#'#1)M

6R;$21$0&%$,0+#'$)"#$0#%$!"#$!%&'(%$")&*+*,-.*$/0/,/(,/1-$2!"3#4 /'2120?$>'&.$)"#$!"#$
5678$9:(0*/,/&0(%$;&:<=%(0M !"#$>&'.#'$6-&141)#.1$C&-2#)/@$G#0#>2)$H'#/$/0+$)"#$>&'.#'$
G2&+28#'12)4$C&-2#)/@$G#0#>2)$H'#/$"/8#$3##0$-&.320#+$20)&$/$0#%$G2&+28#'12)4$/0+$
6-&141)#.1$C,1)/20/32@2)4$CGHM
!"# 56I7$21 /$0#%$)/1(9$/0+$2) "/1$>&,' *2#-#1 )&$2) '#@/)#+ )&$AE$)"# 6,'&*#/0 K&'2U&0 VBVB$
6I7P7!6<!NHO$*'&T#-)9$VE$)"# KVBVB$CL7C$DC/)#@@2)#W3/1#+ L#)@/0+1 731#'8/)2&0
C41)#.E$*'&T#-)9$XE$?@&3/@ 6R;19$/0+$YE$?@&3/@ 6S;1M$

V



C&$%"4$+&$%#$0##+$/$?@&3/@$#-&141)#.$./*$/04%/4Z C,-"$/$./*9$/0+$.&'#$2.*&')/0)@49$)"#$+/)/9$%2@@$*'&82+#$1-2#0)2>2-$1,**&')$>&'$*@/0020?$/0+$
./0/?#.#0)9$/0+$#0/3@#$,0+#'1)/0+20?$&>$2.*/-)1$)&$#-&141)#.1$>'&.$-@2./)#$-"/0?#$/0+$&)"#'$+21),'3/0-#1M$!"#$./*$/0+$+/)/$1"&,@+$/@1&$*'&8#$,1#>,@$
/1$/0$#-&@&?2-/@@4$.#/020?>,@$1*/)2/@$/--&,0)20?$>'/.#%&'($>&'$/11#11.#0)1$&>$)"#$#-&0&.2-$/0+$1&-2/@$8/@,#1$&>$#-&141)#.$?&&+1$/0+$1#'82-#1M

W C"&,@+ /2+ 20$[6P6H!HGO6$@/0+1-/*#$.?.) W /$*@/)>&'.$>&'$?#&W/--&,0)20?$D201)#/+$&>$'#+,-20?$1&$.,-"$34$0/)2&0/@$3&,0+/'2#19$%#$/'#$,120?$'#/@$
#-&@&?2-/@$,02)1E

>$*,(0?(:?$:-=-(,('%-$())&@0,/0A$B:(.-C&:<

>$A%&'(%$1/-C$&B$-01/:&0.-0,(%$?/1-:*/,+

6-&141)#.1$+#>20#+$34$",./01$>&'$",./01$/1$&**&1#+$)&$#-&141)#.$K6HO!K9$/$"#/@)"4$#-&141)#.$81$/$1#'82-#$)"/)$)"#$#-&141)#.$*'&82+#1$W )"#$0#\)$
@#8#@$)&$'#12@2#0)$#-&141)#.1$'/)"#'$)"/0$#-&141)#.$1#'82-#1
[#1#/'-"$?&/@$20$>,),'#Z$%"/)$/'#$)"#$20+2-/)&'1$)"/)$2>$.#'?#+$)&?#)"#'$20$/$3#))#'$%/4$%&,@+$*'&82+#$3#))#'$1#'82-#1]$&0#$-/0$1)2@@$3#$CNI^$/0+$*'&82+#$
1#'82-#1
6\/.*@#$_ 20+2-/)&'1 ./4$3# '#@/)28#$)&$)"#$1)/),1$&>$)"#$>21"$1)&-($3,)$0&)$20+2-/)&'1$/1$)&$"&%$)"#$#-&141)#.$21$%&'(20?M

C*#-2>2-$0##+1$20-@,+#`
a!""#""$#%&"'()'*+(%($,+'-%.'/(+,-0'1-02#'()'*+("3"&#$'4((."'-%.'/#56,+#"
a7,(.,6#5",&3'8(%"#56-&,(%'90-%%,%:
a!%-03","'()'80,$-&#'8;-%:#'<$=-+&"'&('*+("3"&#$"'D-%.'(&;#5',$=-+&"'#>:>'),5#?',%6-",6#'"=#+,#"?'0-%.'2"#?'#&+ME
a@#"(25+#'A-%-:#$#%&'
a@#"#-5+;

D/&)%/.(,-E$F(0?B&:.E$(0?$F/,G&%&A+$H$I:/1-:* &B$")&%&A/)(%$3G(:(),-:$2=G+*/)(%$*-,,/0A4$
F(0?$3&1-:$H$J-*=&0*-$,&$,G-$KG+*/)(%$L-,,/0A$

L# >&,0+$Yb9bcV$,02d,# -&.320/)2&01$/??'#?/)#+$)&$XFVX$6O;1M$N0$VBAe$ABf9FeF$,02d,#$-&.3&1$)"/0(1 )&$)"#$,*+/)#+$@/0+$>&'.1$/0+$@/0+$-&8#'9$VBAB$#*&-"9$5@&3/@$O/0+$I&8#'9$8M$AMY
D/&)%/.(,-E$F(0?B&:.E$(0?$F/,G&%&A+$H$I:/1-:* &B$")&%&A/)(%$3G(:(),-:$2=G+*/)(%$*-,,/0A4$
F(0?$3&1-:$H$J-*=&0*-$,&$,G-$KG+*/)(%$L-,,/0A$
D/&)%/.(,-* M 5@&3/@$6082'&0.#0)/@$$C)'/)2>2-/)2&0$D560CE9$;M$&>$6+203,'?"$M eB$4#/'$/8? &>$)#.*g*'#-2* >'&.$.#)$1)/)2&01$)"'&,?"&,)$%&'@+$

XB$/'-$1#-$'/1)#'9$+&%0W1/.*@#+$)&$VeBW.$'/1)#'
F(0?B&:.*$N ;C5C _ VeBW.$'/1)#'9$+#'28#+$>'&.$5R!6JVBAB
L@:B/)/(%$F/,G&%&A+$M 5@&3/@$O2)"&@&?2-/@$R/*$D5O2RE9$K/.3,'?$;028#'12)49 h#-)&'$P&@4?&01$-&08#')#+$)&$VeBW.$'/1)#'
F(0?$3&1-:$M !%&'3&1-:E$566OE$"@:&=-(0$L=()-$>A-0)+$M RH[NC$1/)#@@2)#9$XBB$.$'#U '#1/.*@#+ )&$VeB$.
h#'12&0$V$'#-#0)@4$'#@#/1#+$20$VBAe$%2)"$,*+/)#+$@/0+$-&8#'9$VBAB$#*&-"9$5@&3/@$O/0+$I&8#'9$8M$AMY

70@4$@/4#'$)"/)$%#$"/+$/0$&*)2&0`$5@&3I&8#' VBBF9$5@&3#O/0+XB$&'$RJHi1$</),'/@h,#
5@&3I&8#' VBBF$&>>#'#+$/$'2-"#'9$.&'#$>@#\23@#$-@/112>2-/)2&09$%"2-"$21$-&.*/)23@#$%2)"$;C5C$<OIJ
</),'/@h,# %/1$)&&$&@+M
G&)"$"/+$12?02>2-/0)$d,/@2)4$211,#1$'#@/)28#$)&$3'&/+$/,+2#0-#$/--#*)/0-#

!&+/49$)"#'#$/'# .&'#$&*)2&01M$$5@&3#@/0+XB$-&0)20,#1$)&$3#$2.*'&8#+M$$RJH$"/1$*'&+,-#+$G/1#h,#

K&%$+2+$%#$./(#$)"#$./*Z$H?/209$%#$+#>20#$#-&141)#.1$/1$+21)20-)$*"412-/@$#082'&0.#0)1$/0+$)"#2'$/11&-2/)#+$8#?#)/)2&09$1&$%# ./*$#-&141)#.1$34$>2'1)$./**20?9$/0+$)"#0$-&.32020?$20$/$
5NC9$?@&3/@$32&-@2./)#19$?@&3/@$@/0+>&'.19$?@&3/@$?#&@&?49$/0+$?@&3/@$@/0+$-&8#'M$
AM I"/'/-)#'2U#$)"#$*'20-2*@#$#-&@&?2-/@$@/0+$-&.*&0#0)1$&>$)"#$)#''#1)'2/@$1,'>/-#$&>$)"#$#/')"$20$/$.2-'&W1-/@#9$3&))&.W,*9$"2#'/'-"2-/@$-@/112>2-/)2&0$*'&-#11M
VM C,3+282+#$)"#$@/0+$1,'>/-#$&>$)"#$#/')"$20)&$./-'&W1-/@#$*"412&?'/*"2-$D?#&.&'*"&@&?2-/@E$/'#/1$20$/$)&*W+&%09$"2#'/'-"2-/@$'#?2&0/@2U/)2&0$*'&-#11M
XM I&.320#$)"#$*"412&?'/*"2-$'#?2&0/@2U/)2&0$*'&-#11$%2)"$)"#$#-&@&?2-/@$-@/112>2-/)2&0$*'&-#11$)&$+#8#@&*$/$"2#'/'-"2-/@9$#-&*"412&?'/*"2- 1#?.#0)/)2&0$&>$)"#$*@/0#)M
YM L#2?")20?1$&>$Y$@/4#'1`$$X9$X9$V9$A

X



P0*,-(?$&B$:-B%-),/0A$QRL9$:-*-(:)G-:*$=-:)-=,/&0*$(0?$%&)(%$
-S=-:/-0)-*E$&@:$"TR* =:&1/?-$U@(0,/B/('%-$?-B/0/,/&0*$B&:$,G-*-$*@)G$(*$
-=/=-%(A/)E$.-*&=-%(A/)E$'(,G+=-%(A/)9$#)-M

c



Where do we get the best “physical setting” for the ocean, which will in turn 
drives its ecological character? WOA is probably the best available set of 
“objectively analyzed climatologies” for the major physical parameters of the world’s 
oceans (interpolated mean fields at standard depth levels).
From NOAA NCEI (formerly NODC), http://www.nodc.noaa.gov/OC5/woa13/

SPATIALLY 
WOA 2013 at finest rez of ¼ degree (27 km at equator) for all variables save for 
nutrients at 1 km (subsampled nutrients so there is a slight source of error there)
¼ deg horiz and vertical, 102 depth zones ranging in thickness from 5 m at 
surface to 500 m in deep ocean

TEMPORALLY
WOA 2013 has 5 or 6 decadal averages
- 1 point in our mesh is the avg of a 57-year period, so it’s an average of an average 
of the prominent mean over 50 years
- trying to conceptualize regions as long-term historical average, possibly stable
- WOA has seasonal averages – we are not dealing with those – we assume that 

these are already part of the annual/decadal
- but this is the next logical step, to do clustering on monthly avgs as part of a later 

study; once we understand the decadal we can apply to quarterly/seasonal 
intervals
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The data can be conceptualized as columnar stacks of cells whose centroids 
define the point mesh 

This is actually a continuous grid of data but we are representing the units as columns 
so that you can see sideways better into the layers at depth. 
One major point is that nutrient and oxygen distributions in particular not only 
shape but ARE SHAPED by biological processes (physicochemical).

This information will be hugely significant biologically, to be able to see that over a 
global expanse, where it thins out, where it mixes with other water masses. This is a 
global framework. 

Will soon start time slicing into monthly averages, OBIS has not been added to this 
yet, but that is in progress. 

It will be exciting to be able to continually populate and improve this with data from 
any cruise or expedition as we go forward in time. NOAA administrator Kathryn 
Sullivan likens this to a christmas tree that we ALL can hang ornaments on now, and 
over time really come to a richer understanding of our ocean, while also helping us to 
understand what’s the next science data or target we should go after to make this 
more useful, especially for MPA designation or evaluation and CMSP.
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POC may be useful more as a validation of the clustering rather than as input 
(POC data are scattered, hard to obtain from Lutz or to compile from NASA, 
hard to recalculate for entire global water column)
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EMU logo by Esri’s Sean Breyer
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Another line of inquiry to address
Relationship between surface-occurring EMU distributions (colors) and marine 
biogeographic realms (numbered, outlined polygons). Spatial congruence 
between biogeographic realms and surface-occurring EMUs is apparent for 
some realms (e.g. 5, 7, 26, 30, etc.) but not for others (e.g. 18, 21, 22, etc.).
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