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Descriptions		

Figure	S1	shows	correlations	between	0-10cm	soil	moisture	and	 latent	and	
sensible	 heat	 fluxes.	 However,	 in	 terms	 of	 explained	 variance,	 lower	 values	 (say	
below	±0.4)	are	arguably	not	very	meaningful,	particularly	 in	a	predictive	context.	
The	 left	 column	 shows	 the	 predominance	 of	 positive	 correlations	 between	 latent	
heat	fluxes	and	surface	soil	moisture	over	arid,	semi-arid	and	semi-humid	regions,	
as	well	 as	 high-latitude	 regions	 after	 the	 snow	 has	 cleared.	 Negative	 correlations	
exist	 in	 energy-limited	 areas	 where	 soil	 moisture	 is	 readily	 accessible.	 Positive	
correlations	are	 indicative	of	a	possible	 feedback	 from	 land	 to	atmosphere	via	 the	
water	 cycle.	The	 same	 is	 true	 through	 the	energy	 cycle	with	negative	 correlations	
between	 soil	 moisture	 and	 sensible	 heat	 flux	 (right	 column).	 However,	 the	
correlations	 are	 generally	weaker.	 Strong	negative	 correlations	 are	 present	 at	 the	
northern	edge	of	 the	advancing	 ITCZ	over	West	Africa,	 southern	and	central	 India	
after	 the	 onset	 of	 the	 monsoon,	 advancing	 from	 Southeast	 Asia	 to	 Tibet	 as	 the	
monsoon	advances	there,	and	moving	from	northern	South	America	to	Texas	as	the	
months	progress.	Correlations	are	also	calculated	with	deeper	 layer	soil	moistures	
(not	 shown)	 –	 they	 are	 very	 consistent	 in	 spatial	 pattern	 with	 Fig.	 S1	 but	 the	
magnitude	of	the	correlations	diminishes	with	depth.	

Figure	 S2	 shows	 the	 sensitivity	 as	 the	 slope	 of	 the	 linear	 regression:	
d(Flux)/d(Soil	Moisture).	Large	absolute	values	indicate	a	sizable	change	in	the	flux	
for	 a	modest	 change	 in	 soil	moisture.	 This	 applies	where	 causality	 is	 determined,	
e.g.,	 where	 the	 values	 are	 positive	 in	 the	 left	 column.	 For	 latent	 heat	 flux,	 the	
Northern	Hemisphere	 land-atmosphere	coupling	“hot	spots”	 in	CFSv2	stand	out	 in	
the	 transition	 zones	 between	 arid	 and	 humid	 regions,	 along	 with	 regions	 of	 the	
Southern	Hemisphere	experiencing	the	early	months	of	their	annual	dry	season.	For	
the	sensible	heat	flux,	areas	of	high	sensitivity	are	in	the	same	Southern	Hemisphere	
areas	as	for	latent	heat	flux	but	in	the	Northern	Hemisphere	are	located	in	regions	
and	months	where	moist	soils	are	exposed	to	increasing	net	radiation	(e.g.,	at	higher	
latitudes	 one	 to	 two	 months	 after	 local	 snow	melt)	 and	 in	 the	 subtropics	 where	
seasonal	 rains	 are	 setting	 in.	 A	 determining	 factor	 appears	 to	 be	 net	 radiation	 –	
when	and	where	 it	 is	 limited,	 sensitivity	 favors	moisture	 fluxes	where	moisture	 is	
the	limiting	factor,	and	heat	fluxes	where	it	is	not.	Where	and	when	the	sun	is	high	
and	clouds	are	the	main	control	on	net	radiation,	the	two	fluxes	respond	in	tandem.	
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Figure	S3	is	a	global	version	of	Fig.	1.	For	latent	heat	flux,	correlations	tend	to	
be	large	over	the	driest	bin	in	semi-humid	regions.	Many	locations	have	significant	
correlations	over	dry	and	moderate	bins,	and	arid	regions	tend	to	have	significant	
correlations	 over	 the	 entire	 range	of	 soil	moisture.	 Sensible	 heat	 flux	 correlations	
(right	column)	tend	to	be	strong	on	the	wet	side	of	the	soil	moisture	range	(shades	
of	blue).	Some	 interesting	exceptions	are	over	 the	North	American	Great	Plains	 in	
July	and	August,	the	Brazilian	Highlands	and	southern	Congo	in	the	central	months,	
and	parts	of	Europe	and	China	in	August,	where	the	dry	bin	shows	the	only	strong	
correlations.	The	hot	spot	areas	of	India,	the	Sahel	and	southern	Great	Plains	are	the	
few	that	demonstrate	sensitivity	across	the	entire	range	of	soil	moisture	during	July	
and	August.	

Figure	 S4	 illustrates	 the	 uneven	 distribution	 of	 bins	 defined	 by	 equal	
intervals	 of	 soil	moisture	 for	 the	 top	 two	 soil	 layers	 (upper	 and	 lower	 bounds	 at	
each	point	defined	by	the	extremes	encountered	among	all	simulations)	for	Fig.	S3;	
shading	indicates	the	bins	that	contain	at	least	30%	of	all	members	of	the	sample.	A	
near	normal	distribution	would	register	in	the	light	green	or	middle	bin	only.	Most	
of	the	globe	tends	toward	a	positive	skewness,	favoring	the	occurrence	of	drier	soil	
moisture	values.	Negatively	skewed	areas	track	the	retreating	snow	pack	northward	
over	North	America	and	Eurasia	from	April	to	June,	and	otherwise	exist	only	in	the	
wettest	land	areas.	Regions	with	an	equitable	distribution	of	soil	moisture	across	its	
range	 (deep	 red)	 are	 even	more	 rare	 than	 bimodal	 distributions	 (dark	 green)	 for	
CFSv2.	

Figure	 S5	 is	 a	 global	 version	 of	 Fig	 2.	 Over	 snow	 the	 correlations	 between	
sensible	heat	and	PBL	height	are	negative	as	described	 in	 the	main	 text.	A	similar	
situation	is	apparent	in	the	Southern	Hemisphere	mid-latitudes	and	over	the	British	
Isles;	 although	 there	 generally	 is	 no	 snow	 cover,	warm	air	 advection	 corresponds	
with	 low	surface	sensible	heat	 flux	and	deeper	boundary	 layers.	Weak	or	negative	
correlations	 over	 many	 of	 the	 agricultural	 areas	 are	 another	 symptom	 of	 the	
extended	rooting	depths	in	Noah	mentioned	previously.	Strong	positive	correlations	
exist	 across	 the	 tropics	 and	 subtropics,	 as	 well	 as	 less	 humid	 areas	 of	 the	 mid-
latitudes.	 Much	 of	 the	 Sahara	 shows	 weak	 or	 negative	 correlations,	 as	 do	 other	
desert	areas	later	in	summer.	Agricultural	zones	are	clear	in	the	correlation	between	
surface	 latent	 heat	 flux	 and	 total	 column	 cloud	 cover	 on	 the	 right	 side	 of	 Fig.	 S5.	
Positive	 correlations	 exist	 over	 snow	or	 ice	 and	 in	 semiarid	 subtropical	 areas	but	
not	over	the	driest	desert	regimes.	

Figure	 S6	 is	 a	 global	 version	 of	 Fig	 3.	 As	 over	 North	 America,	 the	 largest	
variability	 is	associated	with	snowmelt.	There	are	 large	standard	deviations	along	
the	 climatological	 lines	 of	 onset	 and	 retreat	 of	 the	 world’s	 monsoons.	 Fairly	
stationary	 regions	 of	 large	 soil	moisture	 standard	deviation	 exist	 in	 central	North	
America,	northeastern	China,	the	La	Plata	Basin	of	South	America	and	the	Eurasian	
Steppes.	

Figure	S7	shows	the	standard	deviations	of	daily	latent	and	sensible	heat	flux	
by	month.	Variability	of	latent	heat	flux	appears	more	stable	from	month	to	month	
than	 for	 soil	 moisture,	 but	 there	 are	 some	 notable	 transitions	 during	 the	 period,	
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such	 as	 the	 decreases	 over	 tropical	 regions	 of	 the	 Southern	 Hemisphere	 (South	
America,	 Africa,	 northern	 Australia	 and	 Indonesia)	 and	 the	 increases	 where	
monsoon	 rains	 set	 in	 around	 June.	The	northward-moving	 snow	melt	 signature	 is	
not	evident	 in	the	standard	deviation	of	 latent	heat	 flux,	as	 those	areas	are	almost	
always	quite	wet,	but	it	is	clearly	visible	for	sensible	heat	flux.	The	Canadian	Shield	
remains	 an	 area	 of	 large	 sensible	 heat	 flux	 variability	 through	 August.	 India	 also	
stands	out	as	having	high	variability	during	 June	and	 July,	as	does	a	narrow	zonal	
band	south	of	the	Sahara.	

Figure	S8	is	a	global	version	of	Fig.	4.	The	sign	of	the	index	for	sensible	heat	
flux	has	been	reversed	 for	clarity	and	comparison.	The	 large	positive	values	when	
latent	heat	flux	is	considered	(left	column)	progress	from	northern	Tropical	Africa,	
Southeast	Asia	and	the	Caribbean	region	in	April	to	the	Sahel,	India	and	the	Gulf	of	
Mexico	region	by	July.	There	is	a	similar	progression	for	the	coupling	index	between	
sensible	 heat	 flux	 and	 soil	 moisture,	 but	 much	 more	 of	 the	 globe	 shows	 direct	
impact.		

Figure	S9	is	a	global	version	of	Fig.	5.	The	link	between	surface	sensible	heat	
flux	and	boundary	layer	height	is	strong	in	areas	where	the	correlation	is	large	(Fig	
S5),	namely	in	the	tropics	and	subtropics,	but	also	across	higher	latitudes	where	the	
sensitivity	 is	 lower	 but	 variability	 is	 greater.	 The	 role	 of	 variability	 to	 enhance	
coupling	where	sensitivities	are	moderate	is	evident	for	the	linkage	between	latent	
heat	 flux	 and	 cloud	 cover	 (right	 column).	 Positive	 values	 are	 over	 most	 of	 the	
classical	land-atmosphere	coupling	hot	spots	such	as	the	southern	Great	Plains,	the	
Sahel,	northern	India	and	Mongolia	during	late	spring	and	summer,	indicating	land	
and	atmosphere	in	these	regions	are	strongly	connected	through	the	water	cycle	as	
well	as	the	energy	cycle.	

Figure	S10	 is	a	global	version	of	Fig	6.	Memory	 is	 less	 for	 the	surface	 layer	
than	 deeper	 layers.	 The	 minima	 in	 memory	 over	 Southeast	 China	 and	 southern	
Europe	 in	April	migrate	 toward	 the	Bangladesh	and	Scandinavia	respectively	over	
time.	Long	memory	over	the	dry	season	areas	of	Africa	and	South	America	begins	to	
dissipate	in	August	at	the	surface	but	persist	below	the	surface.	The	low	memory	in	
traditional	hot	 spots	of	 land-atmosphere	 coupling	 is	 evident	over	 the	Great	Plains	
and	the	Sahel,	which	is	next	to	a	strong	gradient	in	memory.	The	Indus	Valley	is	one	
hot	spot	that	has	fairly	strong	memory	throughout	the	boreal	warm	season.	

Figure	S11	shows	the	same	information	as	Fig	9	for	globally	averaged	RMSE,	
but	 there	 the	 errors	 are	 scaled	 before	 global	 averaging	 by	 the	 local	 standard	
deviation	from	CFSR	except	for	precipitation.	Reanalysis	precipitation	variance	was	
found	 to	 be	 unrealistically	 low	 because	 the	 statistics	 of	 precipitation	 in	 a	 model	
operating	in	data	assimilation	mode	is	not	the	same	as	when	the	same	model	is	run	
in	 an	 open-loop	 or	 forecast	 mode	 (Betts	 et	 al.	 2006).	 This	 affects	 the	 scaling	 of	
errors	in	terms	of	the	standard	deviation	or	natural	variability	of	the	model	system,	
so	the	forecast	precipitation	variance	is	used	instead.	The	results	are	very	similar	to	
those	 for	ACC	 in	Fig	9,	 but	 the	 realistically	 initialized	 set	 of	 forecasts	 tends	 to	 fall	
back	inside	the	envelope	of	the	other	sets	a	little	more	quickly	than	for	ACC.	
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Figures	S12	and	S13	show	the	evolution	of	2m	temperature	errors	from	April	
and	May	initialized	forecasts,	complimenting	Fig.	10	for	June.	Connections	between	
soil	 moisture	 and	 temperature	 errors	 can	 be	 seen	 to	 disappear	 rapidly	 when	
monsoons	set	in	(e.g.,	South	Asia,	where	correlations	in	all	forecasts	drop	markedly	
in	 June).	 In	 some	 other	 regions,	 the	 correlations	 persist	 preferentially	 in	 summer	
rather	than	spring	(e.g.,	eastern	U.S.).	Overall,	the	time	series	of	global	area	in	each	
category	 as	 a	 function	 of	 forecast	 lead	 (bottom	 panels)	 are	 remarkably	 stable	
between	forecasts	with	different	initialization	dates.	

Figure	S14,	which	compliments	Fig.	11,	similarly	shows	a	robust	evolution	in	
time	 of	 the	 different	 correlation	 categories,	 even	 for	 the	 categories	 where	
precipitation	 errors	 are	 anticorrelated	 with	 initial	 soil	 moisture	 errors.	 For	 this	
model,	 erroneously	 low	 precipitation	 is	 much	 more	 likely	 to	 result	 from	 soil	
moisture	errors	of	either	sign	than	positive	precipitation	errors	are.	
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Figure	 S1:	Correlation	of	daily	means	of	 the	 indicated	surface	 fluxes	with	0-10cm	
soil	moisture	 in	CFSv2	seasonal	 forecasts.	The	 thin	colored	bars	below	each	panel	
are	proportional	in	width	to	the	area	of	the	map	in	each	category.	
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Figure	S2:	As	in	Fig	S1	for	the	slope	of	the	best-fit	regression	of	the	indicated	daily	
surface	fluxes	on	0-10cm	soil	moisture.		
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Figure	S3.	As	in	Fig	1	for	the	globe.	
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Figure	S4.	Distribution	of	probability	of	occurrence	among	three	bins	of	equal	range	
of	soil	moisture.	Shading	indicates	the	bins	contain	at	 least	30%	of	all	members	of	
the	 sample.	 A	 fairly	 even	 distribution	 (each	 bin	 containing	 30-40%	 of	 the	 overall	
sample)	would	be	shaded	deep	red.	
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Figure	S5.	As	in	Fig.	2	for	the	globe.		
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Figure	S6.	As	in	Fig.	3	for	the	globe.		
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Figure	S7.	As	in	Fig.	S6	for	the	indicated	surface	heat	fluxes.		



	 12	

	
Figure	S8.	As	in	Fig.	4	for	the	globe.	The	terrestrial	coupling	indices	are	effectively	
the	 product	 of	 the	 left	 column	 of	 Fig	 S6	with	 the	 corresponding	 panels	 of	 Fig	 S2.	
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Figure	S9.	As	in	Fig.	5	for	the	globe.	



	 14	

	
Figure	S10.	As	in	Fig.	6	for	the	globe.	
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Figure	 S11:	 As	 in	 Fig	 9	 for	 RMSE.	 Units	 are	 dimensionless	 for	 volumetric	 soil	
moisture,	K	 for	 temperature,	 g/kg	 for	humidity,	m	 for	 boundary	 layer	height,	 and	
mm/d	for	precipitation.	
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Figure	S12.	As	in	Fig.	10	for	April.	
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Figure	S13.	As	in	Fig.	10	for	May.	
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Figure	S14.	As	in	Fig	11	for	April	(left)	and	May	(right).	
	
	


