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Scotty Creek watershed - a boreal forest-peatland landscape Scaling of energy fluxes: from the ecosystem to the landscape

The Scotty Creek watershed (61°18' N, 121°18'W) is located in the Taiga Plains ecoregions
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within the discontinuous permafrost zone. Mean annual air temperature is -2.8 °C and mean

Locating sources of CH4 emissions: the role of degrading permafrost

I T T T T T T T T T I T T T T T T T T ’ T ‘ T T T T I. T I T T T T T T I

2 mtower data | @ 140+ 15-m tower ’ i
13 5 Fig. 3: (a) The influence of . o—m tower

o ’ ° o .30. = //

annual precipitation is 388 mm of which about 50 % falls as snow. Forested peat plateaus b 1 € increased permafrost-free bog — 1200 SSA subsignal (15-m) N
are underlain by permafrost and are dominated by black spruce with a mean canopy height 0.8l § coverage on the momentum ‘o 100 SSA subsignal (2-m) | - |
of 7-8 m. The ground cover is mainly lichen and mosses. Permafrost-free bogs are treeless || _ jc° 5 roughness length (zom). 20m e
and dominated by Sphagnum mosses and low-stature shrubs. These peatlands are ég 0.6 2 = Wwas iteratively derived using a . 80 i
characterised by high water levels ensuring high surface soil moisture conditions. N 1z MonObuldiey Sy | 80 |
(a) ~ ' e e (b) T — 0.4 g framework. (b) Differences in S
b Qi s ;‘ e R T R T ¢ sensible (H) & latent heat (LE) S 40 -
0.274,  %¢ ¢ fluxes over a mix of forests & “fr -
bogs (landscape) and over a o 20 : - i 341
0 L ] !
20 single bog. ) M‘!’ :
permafrost-free bog contribution to flux [%] Or -, Aol AR - SRR el L SRR ’ a
: g - )
_ o s o _|
(b) ‘ 1 : ~ \ g A » _ |‘ T‘ AH/LE _20_1.11 L e g 9% 88 T e
. A8 THR S L STyl i) o I M wm Apr-14 May-14 Jul-14 Sep-14 Oct-14
__ ;Le:vvjr:te s s 12 . ' i :}1 r{ | ,’ ‘ _ ] Fig. 4: (a) Growing season landscape (15-m tower) and permafrost-free bog (2-m tower)
Tundra T 18 < ¢ .4 & i d | ¥ ‘ | a 100 methane fluxes (Fcy,) at the Scotty Creek watershed. The 30 min time series was decomposed
open water L, > N o 2 2 into a slow (~2 days) and a fast component using singular spectrum analysis (SSA). (b)
. e . g % A3 C vl s y p g sing p y -
~— . Permzz:::ﬁ:::: F]:gl’\l 1r.tr(1ag\ Permafrgs;[ dllcstrlbu;uog a2nd ecccj):eglc;ps § 24— "+ — e —————————— Relationship between residuals of the SSA decomposition of the landscape methand flux time
B R continuous Of tho t dme.r;ca (baAa .rolm .[ t] [ Ptlim to(cj;a I(')tn | 5 [T f{;;f P {o( ) ere'fs‘it/PQQ;f b095 . - A @ ‘|t 10 series and contribution of permafrost-free bogs to the 30 min flux estimate. Only half hours with
140° W 1200w SRS CZEIE ()il et a7l o Sh A A hds | & A BRSO A Sy A4 AN KD high quality flux data, less than 10 % contribution of the lake, and air temperatures above 15 C
The nested flux tower approach - How to deal with spatial heterogeneity? ¥ R, ;3: ,i S MRy 13 3adl NEX (b)
18 . %o ) r . ' ) | z\;\\\j;?; (e > ,\;;‘f*/ i 3 A P 4 — -100 _ 50
Direct eddy covariance measurements of boreal forest fluxes are not feasible in such a 22 BDe “26 ik o0 %% 8 IN32Ys S SKREEA ¥ it B2 50 o
heterogeneous landscape due to small forest patch sizes. A 15-m flux tower measures Apr-14 May-14 Jun-14 Jul-14 Aug-14 Sep-14 ‘s sl ]
fluxes of CO,, CH,, and energy with varying footprint contributions from forests, permafrost- date [mm-yy] T , 3
free bogs, and a lake. Low canopies of permafrost-free bogs allow a reduced measurement (c) 11 A bc')g o < ;18 % (Iow; 2 ; s A JOPR BT
height resulting in small flux footprints, mainly lying within the bog boundaries. Relative 101 ".. . bog frac. > 48 % (med) || % . -C
contributions from land cover types within the flux source areas were derived from a 2-D T e L oo, * 2-m tower (high) 1 S
footprint model (based on [3]) coupled to high resolution LIDAR data and a land cover E 8 - $ouph ol S .—fft'ow ] £ =
classification map ([4]). A combination of a CSAT3A & EC150 (Campbell Scientific) and a Q- ,.-‘-'-'. o C {i-(;'-. ° N ® | | |
: : T NG S, o 8° 9300 ¥ J o it ] _ | | | | | | |
LI-7700 (LI-COR Biosciences) was used at both towers. IR T e e | Mg 5 CE W w w
_ _ - = i og fraction [%
Research question: How can we best resolve the spatial variability of fluxes of CO,, CH,, %’ ; _
and energy and its drivers across a landscape affected by permafrost degradation? Q
g * ‘ Conclusions
(a) 1200 . . . 3 3 . . : . .
(b) Bl 15-m tower ° - Eddy covariance flux measurements over spatially heterogeneous terrain contain
y y g
1000 - 2 - both temporal and spatial information
800+ 1 | 1o | & | | | | | |
0.5 1 1.5 2 2.5 3 3.5 4 _ _ , _
500 vapour pressure deficit [kPa] - A footprint modelling approach allows the extraction of some of the spatial
Integrated footprint (d) (c) Relationship between surface conductance ||information, but might be limited by a constrained range of footprint composition
climatology (2014) 400 0.85 , , , (g) and vapour pressure deficit (VPD) for
(contribution) L Y- | : : . . .
= ® ‘® 2-m tower footprints with varying permafrost-free bog _ _
* 90 % (2 m) 2 o 5 o 15-m tower contribution. Surface conductance was derived Wl - A n_e-sted tower approach. e)-(tends this range and enables detailled analyses of a
* 90 % (15m) =S S o 087 L SEELELL T celantiict | using a simple bulk surface model. The data || specific land cover type within the landscape
; f5m t‘i""er - 20 50 0 G0 €y Al 2 | | | was fitted to vapour pressure deficit using the
m tower © - - ®) O : | ' - . : :
Land cover type o I 2 tower 5 0.75  © S A icllioiig iemule: 5 - Nested tower data can be used to cross-validate footprint modelling results
2950 O °® | | g _  Ismax
@) - - S
permafrost-free fen 200 S o7t ® S . 1 +_bd VPD
A permafrost-free bog S . | | where g maxare best fit parameter. | - This approach works best if the spatial variability of the turbulent fluxes is large
B 1ake 150! O | o | (d) Slopes of turbulent energy (H + LE) against
forested upland 8 0.65; S o e SR e available energy (net radiation - soil heat flux -
s00 L5 [ p——— 10| 3  ®e - heat storage in the air) for binned data
50 qc, ; ; ; according to footprint contributions at the 15-m [1] D. Olson et al., BioSci. 51, 933-938 (2001). [2] S. Gruber, Cryos. 6, 221-233 (2012).
Fig. 2: (a) Land cover types in the vicinty of the flux towers and 90 % 40 60 80 100 tower. Available energy for the 15-m tower was [31 N. Kijun et al., Bound.-Layer Meteor. 112, 503-523 (2004). [4] L. Chasmer et al., RSE 143, 73-84 (2014)
: - - _ , , 1 : : : : Acknowledgments: This work is supported by the Ministere de I'Education, du Loisir et du Sport du Québec (MELS), the German
footprint extents. (b) Contribution of permafrost-free bogs to half Y75 @ & T bog fraction [%] calculated as weighted average using footprint W, . ¢ Exchange Service (DAAD), the Natural Sciences and Engineering Research Council of Canada (NSERC), the Canada
hourly fluxes at the 15-m tower and at the nested 2-m tower. bog contr. [%] contributions as weights. kFoundation for Innovation (CFl), and the Polar Continental Shelf Program (PCSP). )




