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Ra)onale	  

•  Catchments	  are	  influenced	  by	  a	  
complex	  mix	  of	  climate	  drivers:	  
–  Non-‐sta(onary	  (climate	  trends)	  
–  Sta(onary	  (climate	  cycles)	  

•  How	  do	  these	  complex	  climate	  drivers	  
affect	  dissolved	  organic	  ma6er	  export	  
to	  rivers?	  
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Hypotheses	  
1.  Climate	  trends	  and	  cycles	  explain	  the	  majority	  of	  

varia(on,	  but	  trends	  explain	  the	  majority	  of	  
magnitude	  in	  DOM	  export.	  

2.  Catchment	  proper)es	  that	  influence	  water	  storage	  will	  
affect	  responsivity	  to	  these	  climate	  signals.	  

3.  DOM	  cons)tuents	  that	  are	  metabolically	  more	  ac(ve	  
(e.g.,	  DON)	  will	  show	  greater	  sensi)vity	  to	  these	  
climate	  signals.	  
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Detec)on	  of	  trends	  and	  cycles	  	  
in	  annual	  )me	  series	  
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Morlet	  wavelets	  best	  at	  capturing	  
hydrological	  pa6erns.	  	  
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Applica)on	  to	  catchments	  with	  high	  rates	  of	  climate	  change	  
Algoma	  Highlands	  is	  one	  of	  the	  largest	  areas	  of	  pris)ne	  forested	  

landscape	  remaining	  in	  the	  Great	  Lakes	  basin	  
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Thirty-‐year	  meteorological	  record	  	  
in	  Algoma	  Highlands	  

	  
Warming	  of	  almost	  	  	  
1°C	  per	  decade!	  
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What	  is	  the	  role	  of	  catchment	  proper)es	  	  
in	  mi)ga)ng	  climate	  signals?	  
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Water	  Export	  
	  

Water	  Export C35 C38 C47 C50 
VA

RI
AT

IO
N
	  

Non-‐sta(onary	  trend	  (%)	   52	   44	   NS	   18	  

Trend	  +	  Cycle	  1	   65 59 19	   39 
Trend	  +	  Cycle	  1	  +	  2 76 68 38 56 

Trend	  +	  Cycle	  1	  +	  2	  +	  3 81 76 56 63 
Sta(onary	  cycles	  (%)	   29	   32	   56	   45	  

M
AG

N
IT
U
DE

	  

Trend	  (slope)	  (mm/yr)	   -‐15	   -‐13	   NS	   -‐9	  

Cycles	  (amplitude)	  (mm/yr)	   ±72	   ±83	   ±79	   ±100	  
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Catchments	  with	  low	  water	  loading	  show	  steeper	  slopes	  of	  decline.	  	  
	  Catchments	  with	  high	  water	  storage	  show	  larger	  amplitudes.	  
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Global	  climate	  oscilla)on	  indices	  
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Wavelet	  cross-‐coherence	  between	  
climate	  oscilla)ons	  and	  water	  export	  

Wavelet	  power	  spectrum	  of	  MEI	  Index	  

Wavelet	  power	  spectrum	  of	  c35	  discharge	  
versus	   =	  

The	  thick	  solid	  lines	  show	  
95%	  confidence	  level.	  	  
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Estuaries	  tell	  Us?	  	  
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Pearson	  correla)on	  matrix	  (*	  =	  p<0.05)	  
Climate	  

oscilla(ons	   C35	   C38	   C47	   C50	  

MEI	   NS	   NS	   NS	   NS	  

NAO	   NS	   NS	   NS	   NS	  

PDO	   r2	   0.15*	   NS	   NS	   NS	  
AMO	   r2	   0.49*	   0.46*	   NS	   0.19*	  

sta)onary	  signals	  vs.	  
global	  climate	  oscilla)ons	  

AMO	  explains	  55%	  of	  
the	  observed	  0.067°C/yr	  

warming	  

0.037	  °C/yr	  

AGU	  2012	  

1901-‐1963	  
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DOC	  Export	  
	  DOC C35 C38 C47 C50 

VA
RI
AT

IO
N
	  

Non-‐sta(onary	  trend	  (%)	   NS	   NS	   NS	   NS	  

Trend	  +	  Cycle	  1	   29 34 20 18 

Trend	  +	  Cycle	  1	  +	  2 53 67 50 53 
Trend	  +	  Cycle	  1	  +	  2	  +	  3 -‐ 88 69 -‐ 

Sta(onary	  cycles	  (%)	   53	   88	   69	   53	  

M
AG

N
IT
U
DE

	   Trend	  (slope)	  (g/ha/yr)	   NS	   NS	   NS	   NS	  

Cycles	  (amplitude)	  (g/ha/yr)	   ±2,587	   ±9,121	   ±3,104	   ±4,217	  
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No	  trends;	  significant	  cycles.	  
	  Catchments	  with	  high	  water	  storage	  show	  larger	  amplitudes	  in	  DOC	  export.	  
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DON	  Export	  
	  DON	   C35	   C38	   C47	   C50	  

VA
RI
AT

IO
N
	  

Non-‐sta(onary	  trend	  (%)	   80	   26	   29	   39	  

Trend	  +	  Cycle	  1	  	   86	   43	   50	  	   51	  
Trend	  +	  Cycle	  1	  +	  2	   89	   55	   67	   59	  

Trend	  +	  Cycle	  1	  +	  2	  +	  3	   -‐	   69	   76	   68	  

Trend	  +	  Cycle	  1	  +	  2	  +	  3	  +	  4	   -‐	   -‐	   -‐	   73	  
Sta(onary	  cycles	  (%)	   9	   43	   47	   34	  

M
AG

N
IT
U
DE

	  

Trend	  (slope)	  (g/ha/yr)	   -‐48	   -‐38	   -‐22	   -‐43	  

Cycles	  (amplitude)	  (g/ha)	   ±137	   ±336	   ±163	   ±221	  
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Catchments	  with	  high	  water	  storage	  show	  larger	  amplitude	  in	  DON	  export.	  
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NO3
-‐-‐N	  Export	  
	  NO3

-‐-‐N	   C35	   C38	   C47	   C50	  
VA

RI
AT

IO
N
	  

Non-‐sta(onary	  trend	  (%)	   28	   NS	   NS	   39	  

Trend	  +	  Cycle	  1	  	   61	   31	   24	  	   55	  
Trend	  +	  Cycle	  1	  +	  2	   73	   42	   39	   65	  
Trend	  +	  Cycle	  1	  +	  2	  +	  3	   82	   52	   60	   -‐	  

Trend	  +	  Cycle	  1	  +	  2	  +	  3	  +	  4	   85	   -‐	   -‐	   -‐	  

Sta(onary	  cycles	  (%)	   57	   52	   60	   26	  

M
AG

N
IT
U
DE

	  

Trend	  (slope)	  (g/ha/yr)	   -‐81	   NS	   NS	   -‐52	  

Cycles	  (amplitude)	  (g/ha)	   ±740	   ±213	   ±521	   ±413	  
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Catchments	  with	  high	  water	  storage	  show	  smaller	  amplitude	  in	  NO3
-‐-‐N	  export.	  
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Next	  steps:	  implica)on	  of	  changes	  in	  	  
stoichiometry	  of	  nutrient	  export	  to	  rivers?	  
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LOW	  water	  storage	  poten)al	  (c35)	   HIGH	  water	  storage	  poten)al	  (c38)	  

Stoichiometry	  varies	  over	  )me	  (with	  cycles)	  and	  over	  space	  (with	  catchments)	  

29	  



Take	  home	  messages	  
•  Trends	  plus	  cycles	  explain	  majority	  of	  

varia)on	  in	  DOM	  export.	  

•  No	  trends	  in	  DOC	  flux,	  but	  significant	  
trends	  in	  DON	  and	  nitrate-‐N	  export.	  

•  Significant	  cycles	  in	  DOC,	  DON	  and	  
nitrate-‐N	  fluxes.	  

•  Cycles	  can	  override	  trends	  in	  terms	  of	  
DOM	  export,	  par)cularly	  in	  
catchments	  with	  high	  water	  storage.	  

•  Poten)al	  for	  substan)al	  cycles	  in	  
stochiometry	  of	  DOM	  export.	  
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