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Abstract
Boreal forests are the |l argest Dbiolodical cot

kmhiCanada has about 270 Mh a of bor eal f ores

absorption of Canadian boreal foredstanwil |l a
the gl obal st abiClQietiyga nogie sc awebroen sdti uodxiiedde .t hr ou
temper aQ,ur@®nélentr atcfi bdx.an ¢ u CtPopsiseo | cefc t st

analyzeeghang® at the Yor k Ashaeb anslecaas aJoadcsk P
faci Thei aesults show thatvadpdailbifedehep.eC@t ur e
concentr atWhoenn atnhde fwiunxd direction was 170A t
of polwaust amagassur ed althetlC@On¥AhR raitt en during
epi sodes( lwadsp [I&Z/MB th & uROWEIssMglYsm These value
are comb@&( &thénp PA M8 .(40 e@AJ|1Y¥smwhen winds were n
t hi an(greumbers i n brackets Tahesetstsdiggteanddrhdatc
pollution from the Al baff @beéisk xs aatdag egpprod c €Os

from the .boreal f orest
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1. I ntroduction

Forests are the main source of most of the ¢
surface and the atmosphere ( Mafrogrofldiasmg ,1997)
2012 I n 2010, 34% of the | and in North Amer.
17% of the globRO0OXI@resTheoberedlFAf orest i
bi ol ogi cal communi ties on t htel aEnadrst ha n dc ol naski esst

is dominated by coniferous k¢ Matgol wst hlaav

Therefore, northern forests play an i mportan
that the global fore€t wathoanstocagasis o86:
(Pan et )al Ilnc2@hked human activities, such a
to an increase in greenhouse gases. Carbon
The increase i nl chaarvbeo nandiiomp odret awitl | mpact o]

bet ween forests and the atmosphere (Juurol a,
There are about 309 Mha of forest i n Canada

2013). These woodlands accounéeéesf oanadab®wtol7¢

gl obal forest area (Brandt et al. 2013). The
of the boreal forests of Canada wil/ affect
stability of gloéalak@tdDpe deorsdar y Kuobzmoni
and absorption of carbon dioxide in the bore

Forcaebonfdiuxeisdet he exchange between the fo
of eaf photosynthetbbirgahli sxes@®@i gerdpersoednoby i
rootRyi.my et al., 1995). Solar radiation, ai
| i ghutr gt iloena f area and seasonal changes are
bal ance (Baé¢ldo& chHal l VvV 1997). The carbon di ox
seasons and different sunlight intaeanrhseiyty. Th
are considered by climatol ogists as a potent

Bal docchi, Vogel & Hal l 1997) . Climatol og



greenhouse gasescalre teanmpgdreat, urleardjyiest ur bance

forests. Specifically, as the climadre war ms
storage of the boreal forest s, and the fore:
at mosphere (Kurz, Shaw & Boisvenue, 2019).

Therehdeestanding the carbon exchange proces:s
the atmospherew bodanstaandvhgi bBs directly or
ecosystem and the atmosphere, and wunderstan
di oxide can help better unddrhetaesit t he i mpac
The gtohil s o rsotjuechye e 2 c hafnlguex eosft IO t he boreal f
sanpdrsoc efsssdinlgi ti es i n recent yxeaxrcshalahpee .t he f
di fference between this project and previou:
t hprsoject consist of jack pine trees, while
bl ack spruce forest or mixed forest. Al so,

which all ows the investi:gathamg®rfe mteahdyf pol
The carbon balance of the boreal forest neal
di fference in two main fluxes: absorption (
release (anaerobic respirationpy fTaet cwrag.bohh
project study the infl ueatvemmpofurt empeaend urae )|
phot osynthetica(PABmcoC@OWweenadaat oonand f 1l ux.
factors affectidicogpcexcthanfglennxonnone@yCohQ v i ncl ude
abomenti oned aspect sef bhaid t moalfylr patrhasma si m ell edes e d
oil sands facil i ttieersmm&Tl@hsi usr epnmmeonjtesc tt ou sdee tsehrommit
conditions the pol | awiiloln bree |ceaarsreide b ytr @ alohkee sftc

forestTciaimeeép to deter mi ne defx cthrmemgpeal | uti on &



1.1 Boreal Forest i n Canada

The dmadc¢lauding forest carbon stocks, changes
emi syoinonshe carbon balance estimates for mane
i s fNatm onal Forest Car bon Moni toring, Acc
(NFCMARS whaii mlatiisonal system for morfiKuomzing ar
20189 wmoin Figure 1.1, NFCMARS mowoi tdrir a8 gf or €
bor eal managed, b ebroeraela | u nmaatnaeggeedd), mnnooma n a g e
continuous permafrost ,OfantdheiZ7Z®nMh an uocofu sb opreer
in Canada, 145 Mha of fore@cwhi ednedaiinekealn taisf itehc
careful management and adjustment of forest s
overall heal FAOofR2drhemd mirtesrti ng and reportin
emi ssions .dZ%bMheodmawslts i s not offi ciealolfy man
protecting the natur al ecology and giving pr
so it is calle@dBerandoma2ag@yd. foheshboreal for
1. 1



m Continuous permafrost

777 Decontinuous permafrost

- Boreal managed

Boreal unmanaged
Non-bocsal managed

Non-boreal unmanaged

FiguneKur z ®t &leoge@hianshi p between the bo
by Brandt (2009), the managed forest as defi
to the UNFCCC (Stinson et al. 2011) , and pe
The orange ar ehle ist Adpean dad ewihe eMdb dak @ d csa t diel
sands.region

For managed boreald fpoeéesnt edKouz e¢thaal t he2e@h
bor eal forest managed by Canada is mainly a

car bpna kue (net primary producti on) and dec

respiration). They also proposed that in add
forest s, carbon balance would also be subj ec
ti mes, such as excessive |l ogging, fires and
number and survival of trees.

The carbon bal ance of coni fer ouisd € toaremitmrsed n

by natur al processes &ahdt datAmprog igtr mevih,h , f idre



201
pro
dec
mo d
con
of

dec

201

sed by |ightning is the main natur al di s

ect disasters, al so have relatively smal
2). Ther e i s innog cionmnuenrntai naal g ehda rfvoersetst s bec
ductivity and are | imited by | ow temperat
omposition rates and | odweownwetriealtlsy,( Grhe
el can be tuhsee dc atrd oens thiarhaatnec e i n unmanaged
clusions have no spatial resolution, for
the growing season of trees, al so it i s
ompoRitti @ameas or | ow nutrient areas, and
hard to determine whether tHa6r ae¢enchtanglk

3) .



2. Background
21 Related work

2.1 The exchangbetiveear begediad xiothe and t he a
The growth of trees depends on t hel Bvatter , n
absorb carbon dioxide as energy for their o
are, the | ess cmarthlben ati mnxs preeThd e(alawnwirad li ac,a r DX
di oxide absorbed by the forest -fhiomdtbe the
annual emi ssions of fossil fuels (Juurol a,

ecosystem andmahel gt med phede tvnagandoeanan ogwi d

flux (Hari, 2012) . So it i1s very important
forest.
I n forests, the exchange of carbon dioxide b

acconepd ibsyh t he absorption and release of <car
depends on the pores on the plant surface.
vegetation can exchangieafcfaercbtoend dbiyo xmadney. fTahcit s
d rect of which iIis solaawietshdt hei ohan®e@obbskn
but excessive sunlight increase the temperat
When the temperature is too hi lghtahbeh eacniohuentai r
of liquid watewhiich titse cmlldretds transpiration.
high, it will cause the stomata of duwe pl ant

to dehyduatoba, 2016) .

For erseasemergy through respiration, and then
respiratory products released into the at mo:
truakst ems, but also in the roots wunder the

tér roots and the decomposition of microorgan
di oxide and emi¢t It i nto the air. Respirat.i

moi sture is too | ow, respiration wil/ sl ow d



Al t houghriesttkeobystemtbé tbketokegraunngyv:
significantly Il ess-ehbhbhosedthatambdpytreessysdtnem
il luminate | ow shrubs, mosses, herbs, turf a
pl anstas eeXxchangeamé&s gevmé hatae rcar bon cycl es i
surrounding environment (Hari, 2012).

As shown 2i,n abmm gankaHyoyrteis?tl 2 Forebobocgt &del d
Juupajoki-Fi nSGintdbeohaur 20646t he yesgoodpring

sunlight for plant growth, but because the a
there is a risk of freezing. Usually, trees
Sspring. | n suamment hepliantanmlhotespirati on ar
transpiration effect i n summerdeicsrséaa sseoe rv,er y
and the trees accumul ate energy in the next
of t hedetcergeeast he trees stop growing, the | eav
winter. The purpose of hardening is to redu

hi bernate to Andt esentowt hesmsae lgvreesat waterl|l ogge
accumuh at ke soi | and provide moisture to the

protective | ayer to(JdJuwmsmdlagae 2mE6) from col d
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Fi gar®Juatr @dl4.6)(. Changes in |ight, temperatu
t hroughouat tHtHyeytyieedr2 Forestry Field -Station
Finland

2.2ZQin the Boreal Forest
Greenhouse gases can absorb and emit radiat:i
cause the greein onobset eifnfipeocrtt.an@O greenhouse (
activities, such as the emissiopordéP atndssi |
can absorb pandheeéknsee@®l atiohg the adbtmosphe
The energy ofoml anmmespbeescfcarbon dioxide,
shown i2,Fpygane soct abooaghh GOGot osynitthhersoiusg hand
respiration.
Photosynthesis is the peg ocaensds pbyanwhsi cehx cphlaanmgt
t haet mosphere through their stomat a.

@0 @O0 i &€ aiadQ QOO & @ (R1)

Il n order for plants to grow, they need enerc



water awd p€COvide energy for plants.

6000 @ © @b @OV (R2)
Bal docch(19t7) alc.onduct ed experiments i n t h
Saskatchewan, Canada. Figure 2.3 compares th

period of the net ebddasyget d NEEar bdmedifoxiud e
storage of waartbloen Ildarogxeasdte from dawn to noon
di oxi dves fnlegxat i ve Afnt drh ep hmotrmg ynrgt. hesi s begi n:
the air decreasnocsoAbndr i sums @t maphatosynt hes
start s, and car bane @iodBiatiddeoercehdDrivitagDBllee c

Shotwse charfde& cartvlea di oxi de during a day i
SSNEE ctFhoyagWiNEEe i esc mseytst e miFce & bchaarnbgogn & nl du x

t hFet odage Carbon storage.

Photosynthesis

Plant respiration

§Litter fall

Soil respiration

-
.
.
.
-
-
.

Figure 2. 2: Hi20al6JuurTclea ceatptallr.e aneg rbegl ease
the forest
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Fi g wr.e3: Baltd@dcAi(tly®pa 7c)a.l diurnal course of r
(NEEf) CO, anhfflasdhecifdtuxd Wht)afd ICO,st or ahe unde
air .l ayer

2. Po3lution released by o0oil sands region.
Oi | sand mprog tiamtamource of Canadian crude o
oi | sasndadmomemahed in Al bert a, which includes

Lake deposit®i (CaRPRPds2@tL88) a mibxttwiemeP, sand,
2018) . iMThesposi ts abyerféariceasttesd oagnhdd gprebatth € a, wi
approximately 170 million barrels (CAPP, 200
are mined in open pits, which destroys the
Energy,Oi20k&)nds mining is one of the main s
gas emifrhei bnsge major air pollutants produced

monoxi de (CO), i trsaddn deenpgP apMB®EEHIMad It e r

(PM) and volatile organic compounds (VOC).
Ooi | sands devel opment reqguiressemenrgy, famd
devel opmeeatdevw®l opment of oil sands require
gas ev.euBynidnagdy meatsurmrae | ease a | arge amount of

10



Due to the many processespr peeibkssg endogrien doiiflf isca
which causes the carbon dioxide emitted by ¢
t han t hded oxard,eompr oduced by crude oil devel op
The carbon dioxide r el & @isdeddd dougrstosi |f osra nld2s% porfo
greenhouse gas emiihses iroenlsefasGeAmroPk e @@dAd Bt s t he
CQbal ance Wifntfsoalnestserent directions bring p
whimagffect the absorptoinomni @axd deelbgapé amft sca

2.40ur bul eandp d cutxreas

Mi crometeorol ogicaal i pr ddes saetsmosphenel adidnd o
fordetsper oemasgenerally accompanied by the exc
which wil |l produce fluctuWheonsarhbhom die@xsiuc

transported to or [ Bamhdadabhagteweoerne stth ec acnaormpoypy |
at mosphere. Bx chmhawmgerciamg st hidy t he absorpti ol
in the forest (Foken, 2008).

Turbulence is the state of fluid flow. When
small wvortices in the fl ow fi elsdheatrh e bluamianl a
the mixing between adj acen(tFofkleonwF 62a0y0edh) e , fo
cal cul ati an eoxfg htatmhgdeué @ dy covariance <calcul a
covariance I s an atmospherexpmesasedemanihemarc
as:

O QUi (1)

whene smean ai,0 denftl tygvemti oaml owi nd speed fr
val ua@nids fluctuation of a mixing ratio from
| Fi gur.e® Qrepresents the contri buftdwarnveto t he
numbeet wan® QQ0O0Qreaches a peak in the energ

at both ends of the spectrum. It i s mainly <c

11



ar eias At he arpeaa dafc twhderlgycont ains most of the
the energy genertalkstehdabyf buoganAyream@ei ar aa, |
i n whiciheeintethegry be gener dtsednmson t ee@ndsanmde ¢s,mal
small er scales. The C area is the dissipatio
i nternadt heeneBuwlyer i an i ®@pfe,dr ails hlee mgatxh nsucma Ivea | U
( Kai mal , 1994) .

E (k)

In k
Figar€Foken et al. ¢0R00RBe¢e .t Schemance pPppectra
energy productiomanfde ,(Bheamcmetrhe adi ssibpatio
on the wave number k (Kai mal and Finnigan 109

2 1.5 Research tasks

Bor eal forests conthenertoreses 9opemaay, sSuc|
pines, and mixed forests. The YAJP site stud
it complements the Begausk bbheedbloreatedgtores

early yealy weme nmdied by bl ack spruce or mix

12



This project i nvestigated the effects of te

i ntensisdcyonern€COatiTondandr hilnuex. t he main fact

exchdmgetrends o030 tceompgxernatruartd,ond and | i ght |
2021 wer e analyzed, and their chanxgi ng tr
concentr atfilomx aarde Cad (ss@e tuimdtrad8). £ eHb we v er |, t he
i mpactceama@G@es f rpono coefséscisnegntises i s al so I mpo

the project al seda eguadn@aOrai zmeesa stulree ds hboyr tYAJ P an
with wind direction to determine under what
smok &swidd be carried into (tshee fsodotdittoemeda.rl t
determining the diredthendi off esgenindceedndimmad € © o
and fClObkdrmese directions with offlhers adioné dt i

clarify whether oil sands devel opment facil.

2. 20f l uxes of di fferent f orests

The Borden Forest Research &#ta4atM®b8a7 Ws93l4docat ¢
whi cihn itshe temperate to northern transition
The forest is a mixed aAcdrrmitPuimeu sf @niasotb,uswh
QuercugLmatbmannamce)per ate forests in the sout
Jick pine in the north. The hmei ggmhide icadghhet hef c a
t hienf rastr ucinmeas uorfi ntgh et. oG2hre iesnv4d 22 on ment I n
susceptiibnad et c h@ange,i mndimamaticédausleamae¢ ®r c h a
forestset( Fab@1l5%).h

Froelich @®nakhltz ey(e2a0rlss )o25) fdraciae (Bogadleeyf or est
conclude that -ttomeedifuomr essitn ki awiatbhl @ayve t a wd 177
Cl/yr

Amt her boreal forest i's |l ocated in the bl a

Chi bougamau, Quebec, Canada (Giasson, 2006) .
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with a | ot of iancdusvtirtiiaels , anrde dfi aurne sstorivyl and ¢
2006). Giasson et al. wused the eddy current
carbonedichhangyehe area, and the results showe
the arear omatr 8% gneod 54f C/ ywrue t o human di stur ba
Berger R 0t yalli ed the Eastern Ol d Black Spru
junction of t hebe pofadrhieel ns kainldo nmeotretrhse rsnout h of
Quebecmailntl yi scovered by black spruce, wi t h &
2007). Bergeron et al. found that the EOBS s
NEP&eat ecosyst,emwipthehd dicd f enence between the g
and the total res)wifr @tNigdymr dheyhal soosy sitdé m d
Old Black Spruce (SOBS), |l ocated 100 kil omet
is flat, dominated by bl ack s ppriuncee, Tvhiet hS CaB Ss
site is a weak carbon sigkCiwirBér gert @onn al 2 @0 hu

The Northern Old Black Spruce (NOBS), | oca
Manitoba, i s | ocated on the =edge fofthehe b
di scontinuous permafrost. 1t is a mixture of

The aredr aisnevke!| &and do mma sheiegdh bbyl adcekn ssep rlulc e ,
annual totatf GiEyprBef g27Nh]l 2007) .

Théelyyt Fdlr gst Site is <closer to the Arctic
Moni toring Station is | ocated in Juupajoki (
type in this area is lingonberry type, with

is slightly different from the canopy height
formed by gl acier water formed by the mel ti
and various roclagleafntd wher e ptard r gl @ i0elr2g9 . me
Mammar el |l a et atler i 20dDdyY aw@wsrerde nto ngfolvuax i atnc e
the SMEAR || field statifsn s(hHoywn 26,n 2tFh ebwmué h
annuall CWy yni 21i2s . Roodo k% fMa mma r2edIRl7a

14



Chi et al . (2021) pitonedi mdxedvof maesir®a sBPaAawmucCe
pine foaspspraprdforest. They wused the cospec
forest oddommangeO ( NFFE) of the foresdchamget he
( NEHowever, -gihree smpiruece forest had higher gr
photosynthesis, whi eshouwacse 1laf4d tthemepsi neh ef mreds
grossmary product (GPP) of the two forests

di fference was béeclmangdé of FEEE)Y | 0CGlmi 2C02021) .

flux on the forest floor plays anei  hportaant

forest, and it has a greater iimpact on the f
2021) .

Gross EcosyotnemPPriossucthe chemical ener gy cr e
in a given period of time, usually expressed
refers to the sum of all theThespitwbi pnecest

constethbhaei thfunction of the Ohera@axpreespona

the relationship between NEP, RE and GEP i s:
000 "00g'YO 2)

The tergeneftalbgly refers to the usetdfeséasr,bon

the production of glucose and oxygen in the

produce carbon di oxi dendanedn evaBiverrp ¥vine nc,e 1210 1r2e)s

15
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Figwbhe Froelich et al. (e0dasystéamnpabduootiavis
ecosystem respiration (RE), and net ecosyste
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Fi g k6:eMa mmareet! la@l Y. Me(a2n0 di ur nabkf lcoxue s ewiotf h COt an
err or tbhaer ss ufnoimddry y2 004 @ For est

23The i mpfafcer eonft duv e gcehtaantgieosn (ofno rCeGst, moss, | i

Il n British Columbi a, Canadai dommienatheod olsy nmb
and laingdserd i mited only by I ight, temperatur e
2006). The instantaneousxdmarge (fflfoMEE)Nevalew
me as urBeod thyng amd eFrAd kezean L ak e ARBEBopraehsctbh For es
i appirmaxtely 60 km nort hceeansttr adf BRriitn csegh Gleod rugne
range-2f Tom@nmo+3¥3 s and the instantaneous ffNE
fre2m 0 tGmo+# m4 They al so pointed duwntcrtelaaste t h
t he photosynt hesjcsonbcye nitnrcarteiacsn .n gF e vheee xGalmp 7 @ 0
ppm the average measured tot &holg/hsht 0488t hesi
Omol / mol, the average measur edOnodt/al. pOmot os)
the contrary, the phot osder éraesacsoriocferDtircahtei no nd.
There are many <conditions that affect the p

17



temperature and moi sturesoitlhhemaeai aatrer @a,l| svoiclon
and plant stomata. Moreover, treesflaurxe amuch
high places is easily aftfuedtuedd nlcye.t he weat he
Compared to trees, mosanahmd d|l abhiecbhedbsbabthb

24Changes JfhuxhefC®Ohe forest after fire

Kester et al. (2018 |lsaxudined htehdockahgdDrienst
fireas asnhdown 7itnh eFyi gfuoruen d2 .t hat G Qeemits smeo nosf a rhee
positivel(yYy mdonhy edBratt)etdThe soil carbon storage
a year ago was 74% smaller than the ol dest b
dropped by about 75%. Thehe reseatrky besoéd:
vegetation and root systems have died on a
emi ssions in the absence of vegetation. Ho we
i n areas that bur ned 156t wreraegds tepansErimeiasr i rl
increase, and vegetation pbewvuogtsol yt hdee sstorioly €
become part of the carbon sink.

The fire have a very | arge impact oen afhe for
the forest. After the fire, the vegetation h

recover, and the recovery time of the per maf

18
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Fi g 27:e K°ster et al. (2018) .fdewed&dde (aaxr7lRon d
pemeasur ement period) per analyzesdgtdamdar chge
errors.

25Model i nd | aaifx eSO

The Community Land , Mddels: / (&€4d MbmP®. gi t hu

docs/versctclomS/0/khtmlsket e)c hi_sn oad ed amidex .dft md! ob

devel oped by the namg MoWMG) Wofr ki mg Gommuni t
Model (CESM) and maintained bReddédaer Nat{i MNOQAR)
CLMBuses the Medlyn stomat al conductance mod
(Medlyn efThel MendpRledh1).al cul ates stomatal con:«
resistance) based 0 n v anpeopurrel sesaeff e p oo sGAt he

concentration on the l)ealfeafurdtacmat(aMe dd g i it

N - Q php = — 3

wherneis | eaf st omat&hol e s 6 sttehrec emi(nss mmm st ¢
conduc@nma/inidse)d, (i s | eaf netOmph s ynitsh etshies QO

parti al pressure Dati $ hehé eaf mssupliaciec (Prads st
t heapuressure deficit ald itshea Ipelaafnt s ufrufnacctei o

dependent.Spamamal eQnducatnanicredex to measur e
19


https://escomp.github.io/ctsm-docs/versions/release-clm5.0/html/tech_note/index.html
https://escomp.github.io/ctsm-docs/versions/release-clm5.0/html/tech_note/index.html

st omat al openi ng, and this index can be wuse
reduction of stomat al conductance can prever
transpiration. Bmny anheis phwsscaly, pphntegen:
characteristics, which are r €1).atTehdi sp apraarnaenieetr
i's an i mportant par tThe asctcuudrya cnyg ocfl itmae eC Lmbs
root mean sngouamnoe ee rthoafimn @afo0) 4 20m 1)

The | eaf netr eshpdmossey nc threvsea s

0 (4)

wheioe i s Hhiph ght asymptot ¢ k@ &/ @Dsh@its heequat i o1
Photosynthetically matd)smwdetr@amdmiane Dncy PARD) ur(
hyperadonmddhet er mines the Thlieope sofbatsleed owr vmae .no
hyperdkaslcai bi ng phot oslyend the(sn IsleFhi) ae gnaa tuircen G
the response of | eaf photosynthesis to | igh

canoMayr schall980) .

CQf l ux can be calculated using the foll owing
0o ——- )
whedadae i s the mol agavi masbheof oCOI L A2If oaf otulre f O

site)Y, ad is the mixbng ratio of CO

20



3. Met hod
3.1 StdegciSipeion

The Yor k At hab¥AXR)n®iadcrée aPisneel ect ed for the s
resi dens i allhearneeaar est town to the aikena i s Fo
northwest of the st udayppsriotxe/ Galinhde | hffats. aM cpMupr url as
area 1 s klhoacwttlredof44t he study site and has a p
The nearest msioghwapfi $ h&h@trisalyf sctaendwi éwer
compared to .r eBedaewnde athh earhevagr evs efhawdres next
site and the study site i sr oaadavrafdr d rd vatreh e nt o w
measur eenems isndeegrleidgi bl e .

The York Athabasca Jack Pine Forest Site i
comped of homogenelehses ej aaacke ppindey a few spars

in this area, and t he grTohuen da viesr acgoev ehreei dg hwi toh

(@]
o]
-}

opet WsEmddnet erds ,as s how@ntlhien |IFeiagwerse of t he

_;
D

atively sparse during the growing season.

the YAJPstsiim@8md&d( Gerdon, 2013). The site has

«Q
o
o

d drainage and is covered by snow in wint
At hougsht wdnyee i s far awayofl ompathiel ¢ omwnpr ¢ hes
facilitThees pnoelalrubtyi,on detected in the researc
the plume of oi IFiguo ee 3si2rag i flpdhaiigltairtaitlesssc. att h @ n
the st Adyshowa. ibheprgueem3pRocessing facilit
area include: Sunkmtro ftahces ¢ 8 6t lytvbasbtoudaf 1t3h & st
Syncrude facil kntyo Istolveht heved sabodt thée study si i
facility, whi ch kinkoappeoxiomatelof 1THh.eb study
facil bictayped oxi m&ned yt IBeteRor ©f tThhee rset uidsy aslistoe

active rock quarry approxinately 10 km to th
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Canada

ALBERTA
MANITOBA

BRITISH ¥
COLUMBIA SASKATCHEWAN

Fort Mackay!

{

et
McMurray
“"

\
" “@

10 km )

Fig3r@a) oTlamge area is the(liiheagirey efpotheé nd
t he YAJP Tthoewebrl usei tpeo.l ygonal area ,ihg tyleé | Sywncr
pol ygonal area is the tSwencpourr pdreo cpedshsyilgriogn afl a cz

Al bi an progesanidng hfeacaieldi PWRLl gmmad e agierag i fsa a il
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Study Site selection

The
is d
wi t h
cl ea
ar ea
traj
Asso
daflTh
Acco
Envi
70 %
t owe
air

t owe

study site was selected in .Proddruttead samg
efined as rwiggd wnfhridm pxdlelant ead rr a gi odref i ne
out oi l pTbeessong, f abel seiest ed | ocatioc
n air and polluted apktilnmndar dehrerteo nfuisnd
s that me et the above character-i stics,
ectory mmed a § u rbeanseendh s oniVvo odh Buf f al o Envi
ciation (WBEAQf mdnicthot ismrgo witdevsoohksur | vy
e moadedsed to cal cupoaltlavittrehde npeabbbol i tifa:r
rding to the8 tbasulltPd0d4f sI.aBWogod Bilfgfualeo
ronmental Associatirom@t @i X9 umme t hme AVEB A
to 80% of the air to be from directions
r. Because JP104 (currently called Site
and polluted a201%)a,n sanede@adsdsdstitheed Y(ALUiIPa n

r was set 680 m north of JP104 station.
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Figure 3. 3: FrEomh skiiamg sa0kt&)s. in the oil s a
indicate emission sources. Orwhigeh pemygohsosw
amounts of particul ateemi §iecseswieneedeodoey mimn
and analysis fBémetlpei WBEASdathal.i ¢ &atee JWBBA t C
(204a8al ysi s. BhRuehpoencercwkBhArBluadkilti nes Ad
angl esl swwathed particulate concentaataobpas; su
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3.3 YAJ#Pnd olwest rument ati on

The data of this research projTéet YAIP BwbWwem
was ifngtsal l ed in a small opkn tlipasodummelt7rhe f
(Jw2018 (aJnudnel 021 i Aegestve data <coll ection
condulchheedt.ower was decommiS9dabaewasncOcltebte
the 9th to thé@&he8tbwef Jsn812@1&. high and th
i bet WOmn&2 ime dhFi gurAes I .hd)wn ,imomadb0 &7 1t o 20:
dif erent instruments were 1 nst allalbd® dn sthioevst
the i nstruments |inrsdladgd Sodniocn atnheemotmewerr s ( AT I
31.4 m, 9 m, d&dmd 9.i3y hm:;€otevpriemaxcraddi e(dLia®™. 3 1. 4 n
m and 1.3 m, and wadyvédt ¥ hegh?®0sleingltr 1s8ms|
aLi7500A MWOgas an@laeri fdahel gbd atan3-1LI14 m an
7500W\aS i nstall ef. atma hewogbusobiTrak particle
at 16.6 m and 1.85 m;, and three 2B lorone mo
the 2018 i n43dndiOaé¢ ygtewudy,ndaa 49i Ozone analy
were | ocabaadthhggrhd stensi ti vi t y( UaHeSrAdSs o | D rsoppd cett
Technol ogytheodgtrosnandpl ed from either 31.4 m
During the inbéndiavee dnl ltenc 0 pBalnd, f2a0d@m 201
instruments wgemre padiwearpeldavdbeyda haltvout 100 m nor
YAJP tOouwtespifd dtrhtee h 6 ssit @i dailesr,é m@iinnisntgr ument s wer
powered by batcharged myAd doltahre ednaetragymeasur e
equi pment on the YAJP tower were remotely tr

through a cell ul ar modem.
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TabllleThe | ocati on, mo d e | and height ofvet he i nst
measurements are those that were only completed
Continuous measur ement refers to meaASutrieemkent t !

indicates that the instrument was used in the cc
I nsentm|Samp|Model Conti |201|201(201|202|202

Hei g/Remar k|(C) o

[ m] Il nt en

cr) _ _ A _ _

Soni c 31. 4Type A|C W W w wW wW
anemomet
Sonic 9 Type V]I W
anemomet
Soni c 5.3 [Type V/C W | W W
anemomet
Aerosol |31. 4/UHSAS, |I W W W
spectrorn DTI

S
S
s
S
S

Light se31.4/L#190, C

LiCor

Light s€9 L#190, |C W |W |W |W |W
LiCor

Light sg1.3 |L#190, |C W |W |W |[W |W
LiCor

UV sensql.5 |Ki gZmne|C W |W |W |W |W
Cuvs

Gas anall31. 4/LiCor C w W |W |W |W
L{7500R

Gas anal5.3 |[LiCor C W
L{7500A

Ozanal yz|2 Ther mol|l W

SO;anal yz2 or|{Ther mo|l W W

31. 4

Particlgl6. 6/DRX | W W
Dust Tr

Particlgl. 85 DRX | W W
Dust Tr

Ozone md5.6 (2B 205/ W |W

Ozone mq0.9 (2B 205/ W |W

22

Ozone maqVari|2B 205]I
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31m: Sonic anemometer, aerosol

[ e
| spectrometer sampling line, gas analyzer,
light sensor
hc=19 m-22 m
I:I 17 m: Particle counter
{ 9 m: Sonic anemometer, light sensor
‘ 5 m: Sonic anemometer, gas analyzer, ozone
monitor
1-2 m: Particle counter, ozone monitor,
UV light sensor, SO, analyzer
Figur &cBeMmati c skeatcimfd mé¢emast ramemnodower . Not

3.3. larb®emosmet er

In the project, the wind at the YAJP site is usmdcomparison with the concentration of

COand SQ. The soni c an esmoimjent eequ emecays uwiend speed.
emitting sound waveaxii®mr dsdltédi eotniwri evel cEeredi noaft
component depaviehse ofdwiese tswoeuenn each pair of

The wind speed can be calcul ated by the foll
w -—- - (6)

whewe she component wi ndQisspetehde apl actohg n tehneg tahx, i
Oare the time required for the sound wave t
sensor.
The wind di#Heandddme ramigt keeh NWdr oomps o mdém th & e
S p eaesd

— pyYn pyRt zodE - pp )
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whefl® refers to the angle of the sonic anemo
The sonic anemometer used in thispPOpEgect <ca
but the frequency 1l0oHz t(hJiisa npgr,o j2e0clt® i rssnigbertc ha th

process dat a.

3.3.2 Light sensors

Sunl i ghtstales ce xacfhfaéhdyte-1 BD ICiIOg(h iICORe nd srcu s e d

to measure photosynthetiwaVélenagthe@Rbetardean:i
and0®m, which is the visible Iight that affe
responsthLelli md dasfs eshaand its seAnsemmilv.ity i s
The wultraviolet radiation meter CUV5 wused in
The wavelength range of wultraviolet radiatioc

response dndne arsd 1t lsecul traviolet iRAtensity

3.3.3 80Ogas analyzers

Thée 7500 i s a( g@dGR,ardlathgazeuwrGamghO.Ht measured th
mi xi ng ratnik® Hoap&Or at a heaghtypér 3vam. mAUS
at a height of 5 m, which wasl tf uenntittisonlaals efro
at two frequencies and measures the attenuat
beam. The rate of atatse cwantciemrn riast iroenl atned ttso |
The instrument measures millimole CO2 per c
and pr esTsourceo n(vPear)t. t o a nmwexiansgs unaet i sot aonfd aG Al
and pressdxle. %6 1p pngmEédmh crant@ 146 @ 113= dho B /7 m
ppm).

Under nor mal oper arthiondg nceoenddsi t3i0owh st,o0 tshtearltl up
needed for nor mal monitoring. For the <cont

instruments are powergdshptamsollT-pewedodle, amn d
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7500 can cobepmetentongous measurement under

3.3.hermo Scientific model 4 3

The YAJP site is near oil sands devel opment
poll utants ol ¢l sanadd fpromessing facilities.
project is onBPuwoifnghehe@olhueémsnitese studies o

SQwas measured by the UV pulse fluorescence
SciehMBfi model instrument . ,uTphet oanlallOy zpeprm ciann
(Beecken, Mellqvist & Salo, 2014). Tke instr
to increase the light intensity, thereby ger
has high sensitivity and a respond4£3iti me of
i nstrument i's stable because i nhothapraneagetf d

photochemical degradation and is more select

34CQEddy Covariance Measurement

The data for the C&flux in the project came from the {4500 gas analyzer on the tower.

The eddy covariance method is used to measure théd @OTh @ d dy c ofvlau x aing e
cal c Uflraotne dEg a 8@ ivoenwhi ch represents the trans
guantities per unit time and uniotvear @aa.,gi wker
ti mer,i otdhe prime repftesmnt Blernrdneradéid airctt 1 att h @ nv e
wi nd,¢ raenpdr eseamtuss warantitiescosuoeh(tBak ms or
2 0 1 The eddy covariance measures net@gchange (i.e., NEE or NEP). When the

measured conditions are nearly ideal, such as when atmospheric conditions (e.g., wind,
temperature, humidity, @) are very stable, the downcast vegetation is uniform and

located on flat terrain with long upwind distances, the error of the net annual exchange of

CQO:is estimated as less than +50 g Giym(Baldocchi, 2003). b hprso,j] ew&€®f er s

to 2€EDux and Gcoetensrabvi €O.
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From the mass conservation equation:
— — 0 — %Y (8)
wheoes the colcdenttrheet iBom,wni an parYiisltehai ff
source Qira ssiumknat 5 anh vV adia &bhb@s ofudty an d
wi nd sophé énd o) Assuming that the concentr a
homogeneous iangde sRaphekdhagk vVvahgte gameshreiznt egr
—0g oaes . "R (©)

whetridei rst term i'§ tthhee sstabamangle ttfebu i f f usi on f

t tehit edm t he sdfurtchee oaverianke i s taken across
assuming that the concentration i s constant
0 4—5— T 1P

For owgmal tuiveat BO@emiansutaer average time period
aggregate thdmutxo obtain a net

Typically, the instrument measures the upwin
heat, water, and gasegramsipo®rtegeneeadatiieyd iime
referred to as the flux footprint (Bur ba,
generally described using the term "fetch?",
2008) . The sizemtofdepbaeds$é!|l ox t bet areii ght of
stability, and surface roughness (KIjun, 20
| east 10 km of wé oass utnheen tflalaulx sfiodoetsp,r i nt cont

measured CO2 f | uxtelsi £ ounreis.f d mm mr evg it din n

34 Remov ault loferos

Il n practice, rain and snow, pr ocletsisineghrer r or
collectedchdtdetdd dthe® is® erroneous data that |
magnitthuadne t he nor mal val ue.

31



For the gas anadmwynrzews, wWwlkean i t h etahryoduhgeghmet eor
measuring path, Pt owi | affettthet lgezsegraadn at g n «
causing the measuremenastoshopopwonIuneFanbhaonoe mal
For the sonic anemomet & hy dwhlgedns etnhseo rh yodrr onmeeatse
path, it will oéaf atbatc d gteun e atnsad ucenrrect si gn
I n order to process and obtain valuable dat
mi nut dat a GButsdiadhe aoflr demvi ber enmean® wtrlei er s .

Three standard devi ati onsf We x e acnosnec@eQibtercaatui soen
were normally distributed, and outliers wer.
that deviate from the meaat ibyh emoprreo ctehsasn itsh ri
repeatn the new series until th3er6e are no out

22
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34. 20 Crdi nate rotation

Th e

ver

basic condi edawvfacr aangpel ynen drotdhe s t o ass

tical wind component i's negligible, ot he
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(Wil cza¥khes2e0 Or@ort.eat ucomtseebr bhein the vertical
anemoniehticeserr rection is called tilt correction
axis to the avAcagedwngdtdithbetrr oWialtd ozank met h

(2008): the(Fi@stlecQro ecodoti @aine t heutohdeor di nat e

axis to hdrei awrewsmégdaen gl e of —r OABR+i:on i s

6 6 AT 0 OE}F (11)
0 6 OB+ v AT-O (12)
0 0 (13)

wher edo DHe artehnee an n d

Il n t he s(eFciogwdr,esht@.pdbdr di natdatr ® y s ideyrmxiassn e w

until the averzagewkéet seabndi motlsii—oen angl e
6 o Aind v OBl (14)
0 0 (15)
0 6 OBl v ATnO (16)

Theecopndr eadtitghnese fl ow with the topography.

Fi gBrMi | ce¢takal . (2008). Definition of the co
(b) second rotation.
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3.0bata measur ement

I n this project, we measured data from Augu:
i ncl ugceosn cGht nfalt u@nc d &@ea O, f ILX, temperatur e,
wind directi ofi adBden3Rsrmd ws ppeaddnpimeen aver aged
CQconcentradfilaax amd aCO the data fS@mtAaugust
wameasdnbBydayfsr om0 R Bnee, 1(2F0i1gBL R e

Due to | ack of power , al | i nstruments stopp
stopped), but reeumed&rwowmr Novembewvethb1l18 to M
the |l ack of sunlight in the winter forest,

provide electricity for the YAJPwéeonw®wmera, and
state of enempewloskvihngg &hddrtesauoneidn ptormeme ntn N
2019 to continue collecting data. The same ¢
to March 2020 and from December 2020 to Febr
also | ed ttoat hBhérnefkomnd, dtahe dat awemet ect ed
conti hMheudadt a was coll ected durdiungé 1 &.t eBwwsti v e
the tower instruments weren't ward&ladggg efror p a

failurbdPpurby Bhkher ageat avi mald dti o elxrd i ®mmt ai ned f

40 L, L i ] : - 1 1 1 .
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3.%el ection for Yearly Comparisons

This project selected four periods from 201
and April 10 each year. Because of ntlke | ack
mont hs from December to Fdrered8Bnd@war Eheni ssir
equi pment on the YAJPo pteorvaetri ovhar anta | [ wh e re s 1 me
adequate sunlafgmam, Marmc ht hteo dAaprri 4 yyeesaa 1s chos
compa.rTiheochhy data from Marwéd 26t bctedApvety
becausdadatyhaedal@a f or ,&2md 830 210cdipti2e@m2eE® h t he da
for 2018 is from January to August, the dat a
Il n 2019, there ar e Janrayyd dSaetpat efnobre rMa racnhd, fAoprr i
only MarchnandiApmwialy., t2h6e hd aatoa Afprrarh Mertchh e a
more compl et e Sldaant aoMfhrearim ntoéntthh st.o Aar el 10t h

compar ed
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37Analysis Methodol ogy

This project first determinedeghangehefr €9e a
at the YAJP site. First, the relevant | iter a
wateru vapaod | ight intensity abyf efcdC&shtes.upt a
eghanges inwbohédal wetredscetsopdriendd out how YAJ|
di ffer from otSeco ddlry,sftrsomnidn svthyument s on t
col l,ecitreadl udi ng the wind s peed:idomend@s@umnterda thiyo nt,
CQflux o2@ndcoHcentration maasgOranadyw zéehe Chl
photosynthetically actlight radhabren medsthe
measur ed by t hat at healmoemettiean WVAJheSGom 2017
concenwameaoumred on a Ther nfat Scicentl iefcit @ dmd @
weeks in the) ssammerrdgleec2®@ dudbye covari ance metfl
t hec@hcentration and flux, tempe,r aand et haennd
use the standard deviation method to remove
error.

The average value of vari owss deaatlac udfatleq, day
annual trend of thewavemuwagnd heal€dan ceht eatcthod
was then compar eg wiotnttc etndg mmea r atnyr e dHilxi ght i
was compared wph hc otnecreme rratt u roenT, h édinrd cloirgrhetl aitnit
were found and it was detat mr n e drepxachh acnognef &£ Ot
(compari son r eFhwel tmo nit rm$ayfh atphes C@nt r at i on and
flux data measurwer & rcoamp2arilegidd t ouR ORfheir chan
The specS(rfum of &ascvabhakldebfi aemagm)tude sq
ti me series, as dihewmrxich abglksveéniCOmed f br est
and the atmossphetehe fl metwen@desheand ¢theaei ng
The Fast Fourier transform (FFT) algorithm i

Fourier energy spectrum of a turbulent fIl ow.
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was produced by t haen edheotnee t nea a gaansde at nivdielyi yEiah re
can analyze the structur e, | ocal Il sotropy a
above and below thechor &t uc@nhopgy observe t
exchange bet weemttnoes pcheemmreepy and t he

The o€®Oncentr adfilaurxk admd aC® or the time period s
measured while the temperature and water %
changlihrega2€0ncentratifénmx ameéas€®Or ed bwertehe YA
compared with those measumrseé adbdbdmeditthieo nGL M5T 02
RH=50%)The values of teunperoantciernd rand owatmemr s v
YAJP tower were also substitutedifheoenbe I
bet ween t hexfdallxc wmindltlaudk e@@®sured by the YAJP
The wind direction measuredcdrycetnhter,aYAJMh , t o
concentr adfilaumx amd r@@ pondi n weet os uenancédha ionni endd. d i
2@eree windvadidiewitdeodn i nto an interyal, and
concentnrnatmnoeant COifilounx, iann dvarOc ail natnddravilaald g e

the change trétnlde vainmdd dceitregantiinen i nterval wi
f | uTxh e relationship bet weecnonwendr adthiroenct aaod
concentrati oWi wasdicoempti @adsd wSodhlt emit glat COnNns w
detected, and thiosdeptecendneepiwketdingetvbi oh of
oIl prrodeafsasaidlgipgo | | ctaanet ¥ moamd GOt i oxes with an
without contaminant wind directions were co

procefsasciinlgity cemctdaafggkecnh €BHBe forest at the
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4. Resul t
4. Energy spectra
FIl ux spectroeaxmbasgeesaGOFEdgbyet dr bafsleuoxewe . t he
spectrum at a height of 31m. The f1 18X spectr
i n the trnaenrgtei.alThsiusb spectrum shows that we
frequency ttchecamteurt i al subrange, whi ch mea
exchanges caused by tguraipohl ehnit s esedcteisonTéleowp
a high enough fregeeakgnge daptwo et d hlrulC®Onc e
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4. Milont hly average

By summari zing the mxmotnitleynta\vadfrilaogre, adtalt eC @G rfn
vari atiemneentCOation and f |l ux a&althet bseu mfrfeJrP s
tempeattuhe iYSAJuPs wsadltley 20AC to 25AC. The t emp
bet w8ABG -2H4@, with the | owest temperature fro
of adlk o&f sunlight iImasavidiwefrikougnldhtey Y&AdPat owe w
so most of the winter data is missing from t
Fi gu2seh odwvsaa vtehmmeogne h bcoyo nCcOe nu g idrigv@ oy e aladgal.r e

43shows t hefalwexsehgpen d@O d devi aw s idmgovfecory e@aa sh m

dat aThi s shows that in the spring mgtnot hs of
provide energy for |liJdceonazetitviattiios. | hharhef arn
Aprillowies than that in January and February |
spring is stildl not as high as in saummer, e

absorbed by vegetation i nPAssrainng eirse24tni liln |Fe
i n summer (May to July), because the |ight
increases, the | ife activities of plants dui
so the carbon dioxide concentrnatainempiratibae
plants themselves also increase ina2summer,
concentrati2onamna Fhebtvalkxde ndaf is@O rpee ak.s i n Ma
autumn (August t @ ,Ocplodretr pmotFa gwnrteheds.i s we:
growing, resultiaJdcenicrendmn aitn ome dsne tihre @GO r an.
CQfl ux (Bi.gulrme2, Hitdh.edanrca®@ on in winter (No
January) is the highest i2filukeiwhakeoyre&osea

even greaif &i t.hdn
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rection Description

43Wich Di
This pr
of all
at the
wi nds i
relativ
270

oject discusses {4 hsoefthectf refuwincy aif
wiinslumdma kietF@ dydidsehows t he wind directi
hrefirgdhd * @ 012I13nl t he fi gur e, It can be se
n the W@ nddeideetsdtbd78efgr eddh ere ar e

ely few winds between 30 and 70 degr e

0

180

Fi g4dTehe relationekdi pianedcweiennd vétpetelde (méisg ht
3imfroM0xr® 2021
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44Anal ysi s of Temperature from Sonic anemome:

Changes in temperaturze BHifecdedthieore xcthmamagrei z
in temperature for selecte@&i ¢guBneh opnesr | toldes f
tempet agfardem Mar ch 026 2t0ol SAmptrad2 02 @2 .Mar ch 26 t
Apri,l tlhoe average temperatu6e3AC, aameighe a¥
temperature at a -BePBBD G themestatmes t@wamer age
temperature at 30L 4meG.e rButh absy r2i 0s2e06 AtCat Thhae d
agrage temperature at 5-I1mBAE€rsompafFeddnwhas
March 26 to April 10 in 2021, the average t
5AC Compared with previous tye ap s iuttihweea tdweanper

it has risen by approximately 8 degrees comp
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45Anal ywatemwmfvapour

The growth of veget wa tveanp ome etrdhsevivdailt eal, s@anaf ft ¢
photosynthesis of the vegetation, so it is

vapacwmcentnat ihkeihgasehodws the changapotuwuend o
concentration from Mar cThe2&é&véepbpagprvvagploleée, o2 0 Wv
concenwak7t.mmo I3/ m 2 0ils8n.c rTen2 § éndngot1di m 2019, and
decr ¢@<2&mdn0 i m 2020. The | atest data in 2021
of waapeaooncenhastii mar%e3msse d/ mo
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46CQconcentration

Changes in Oempedatpwdé utldnts releasad by su
extr anatyi wmuse ¢ hacnognecse nitnr atthheo nCQlAc ¢ omigditmgeg t e

to theonCcCentration data metasheedhtblyet Q@ 1 YMIF

concentration in the air showed a downward t
2019, and 2020. It <clanibedsepped rbimmi gor e
Mar ch/28drBi It o 1% .n4 Mamalh/ Mpr i | 20mnmdo,l%famd fi na
Mar ch/ April 2020. Buxcomee2®02htioimnei avédaagd/

mmo I3/ mCompared with 2020@¢cemnthreataiveer algas CiOncr

mmo I3/ m

March to April i's spring, with plenty of S L
growth of plants. Adequate sunlight in sprir
various |life activities. I ncaetasedahidghegient
will absoybsmotme €EO@ air will decrease. Whe
begi ns, t he heat generated by the increased
Strong sunlight wildl I ncrreeaassee tthhee hpuhno tdoi styyn t
vegetation, which swislhlowabs aor gman éla@CcRln i n

be f ourmidg gd4le 44t hat when tihnec rteeatstessr actonrcee nt r a
of 2CO t he aiwhedhedrhewnrdee mpeatlkd conceintration
t he i @i edalstel san be seen that whenvame@eurconce

concenitmanag aotslee conc eini rtah edcari edafsadCLDo
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47CQf | ux

The avesfalguex Cv/@ad sueelseatned ti me periods are neg
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decl i m2i.ndg Clhos | f mBy2 ON2aOr.c h/ Apr i | in 2021, the
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49C0Of |l ux c dhMchGeL Mt eldd e

This project used the CLM52f0 umo dveall uteo froou gah s
weat her conditions but did not runftlhux entir
values obtained by these rough calculations
YAJP tower.

As di scussedCdfn u&e cctainonb e2 .c6a,l cuyd)y ated wusing t
Ac c or dE a.gwvi%5t@id 0 ,ombini ng®Béaondmi Bagmuvl eas

O a 00 Q pHp = (17)

wher®e pnmOmadrds, Q couvOmar¥s from CLMe Svebsit e:
https:// escomnnpcaogil/vReubbi ooakskdtremease ol m5. 0/ ht

t he L Al & T Bt pg / mbhe vapour pressure defict) at the leaf surface

(kPa) is calculated from

Q 0Aob- (18)
YO Q — (19)
0 Q Q 2P

wheWY® Qi s rel atiove@lwumm Rhi $§-CCEQq. constant for
vapodurytc¢m s-CCEq. constant "Y{BK)] watealirvapgompr,r
Q( Pa3 vapouR(Ppar)mmsatuiren vapbler epwe 6 a spste me
OmoP//sm which is typical Tfhorr,ddd&8Bunny summer
Using these values, wheéemplke awaatehérns 29 Avamy

is 50%, tGhleux iEER)IOMDS® / m
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https://escomp.github.io/ctsm-docs/versions/release%20clm5.0/html/tech_note/index.html
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As shown @On Fogluwerd. ons

COGconcentration measured a
nd di

relati vel y( Fiiggibc gahl4e. YA S

when the wi rection

was

measured data is due to an

cali brated for I

properly

t he pl umeo,r sdoo etshinsoterarf f ect

wer e a

t h

Hi ghexaxco@@entrations

The reason for t his i s

smokestacks, but al so mini

of which contri

i n maaganti tl@@eeorncentr ati d WO

wth of plants thexpdlake

gr
Th

t h

ISyche& processing
YAJP
pu of
di
aff
t h

Th

pose

ection the pollutants

ects chianngehse offor@&&t . Ac

wi nd

c be from t he 2fn

h

an

f

seen

hig or
t
0A

cat ed Ba&tgabees

bet ween 70A and

17 to 200A and is near z

from t he

at about 190 degrees from

processing facility and t
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and the Suncor psmecresspolgl dtaicoh ity ©HOhe ngAI P
seems to be assoxcioantceedn twiatth omi gpmedt @C@lae¢ er u
forRBstt because there are many wiinmdg dp olelcuti aomt

to the YAJP study area.

\
‘ ’@wﬁ :

Fi gurleThdeilnd dicoecdioat es Trag rY&AdiPu s$2d0ekenr ci rcl e
The red triangle jsadgnthedeellstwakd it olacacd teino r
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5. Di scussi on

EE Compasmhembper atwapoomnwae ePARKQcom,centration a

COof I ux

The t emper atvuapec samcde nwartaetri on of 15 days in M
from 2018t tMARILO0 231t ear(er esdui mmame )zEdgbalBn shown
addition, the annual a\a@rcapgnec ethnd m@md ri atnu rvea | aire
JP104 bdiatckB 01 &e)2019, 2020 and 2021 are al sc
At YAJP B¢ eempetature is relatively high in M
2021, -ObeiAltg and 5. 1AC vappaantciendIry.t i ome wasst drt
in March/ wptrh!l 22019, mmol / m3. And the changir
watvearpaue sCaompared Widt teFtigaur P 5, 1t beaaknbah
average tempddAatsuirtee o$hdvwed JP trend of sl i gl
increasing, with a smgllaverfaiger ¢eempeiraodomr ehe
However, theXOanonaknmeatbhi Bbn at the JP104 sit
YAJP site and iTmer¥AaslR d agoatdiuead dryi.n Mar ch/ Ap
Summari zing the data for these Napdhamys of e
negatively coaarmndearnterdatwil)d,rh gCCh apd xwirt idvel y col
CQf lux (@BhapHewever, as shown i ngé&iwgalrwee 5012,
annual changes ivm pioea ficoenr caet nutrrea 4 filoank earnndh eGhO t h ¢
t emper at urvea pasnodn cveantterrat i on i ncereaseent rtdtei ovmm
and fClOux were al so increasedvapMiemc drhter & teimpre
decreasedontéaet CoOIfilurx avmad u@O al so decreased.
It can be concluded that when the temperatur
i's increegetat smadr exlf@@rna for 2018, 2019 and
5.2a). As shown in Figure 5. 3xd, awsdrertrkee ffe:
the atmosphere to the forest is decreased.

Similarvypouwrat ee abstrha lpgsaarbhfofcpdG nt s. When
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watvearponar t he air is increased, thixrmoensults
the atmosphere to the forestiftFthbaerat mo8phe
(Figure 5.2b) .

The correl ateinopne rbadtuw e et 0G0t ti W@y e a Vi®sr age s

Y mty and the corr elagptoiomc emd tr vagda oonnmweatriedr a@ @ o n
i sY T8t Y. The correlation bel wikem®Bt emmer &thwer e
correl ati onv dpdaoaweecan twaadéitauiX adsd CO

The measured data is in spring (March/ April
strong in spring, the temperature was stil!/
was still reldeti neolty tol d®ow i{nh ozen (Juurol a, :
| 1
4_. —
2 n
e - -
)
2 — —
-4 ——YAJIP site |~
. —JP104 site | _
| |
2018 2019 2020 2021
| |
800 = ' -
oy
E
2 600 - —
£
O
T
400 — —YAJP site |
—JP104 site
200_//4_\*”_ -
| |
2018 2019 2020 2021

Fi gur Redl. 1thee eir stgeempoefr at u rvea parodn cveantterat i on of
days in March/ Apr il of aALR gietae, d btoana K 011i8n
average t e mpevraaptouarnec eamtdr aatdiPodnO 4v asli ut ees.
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Figure 2561 8x COed |l ines) compared wiatphoutre mper
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Phot osyntthiewmae cradadiyataicon al s;0 Eiffecés5edcbhbhney
relationship between photosymtbeteocalrhbhyi aant i

CQf lux for 15 days. WhermoRARNWasate mmanmed, het

was | owéhrowpas n Figure 5. 4a), and the <corr
concentration is R=0.6. Siminl arhley ,aiwheewa sPAR a
to the forest, so the CO2 flux inc¢cftlased, a

was-ORBue to the high corrédllaxi,ontbetaweber HAR

thaefICOx i s mainly driven by photosynthesi s.
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Changescomce&rOtrati ol akee. aCheampma €tgr &£tOi on s
fluxes for the selected time periods from 20
CQconcentrations decseaebsscerdye d hbey atnmoeu nft o rogds tC
t he exchabnegteweoefn GChe f or edsetc raenads etdh e( ea.tgno,s pdhaet
2019, and 202@).ncWmem att h ® n C ODvacsr eaabsseod ,b endo rbey
forest (e.ganddaha ¢torr gldthicemtb attfWlamnn atsd C(
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FiguxreC®2 concemeglatcompdred Wwith CO2 fl ux (
in March/ April of e a cAd dyeeda ra flreogne n2d0 1t 8 ttach e2 G 2

5L Zompari sonpf lodx tdel «CO ated by t hfel uxL M5F. O hniosc

project.
Il n thi ¢heprawjegatg,exf VakuenoMaeoB/ Oprsil I mvasD 18,

2.3 Oaoli nm22.6M09 2Ismi n 2-Q2e0ho | Zsmd n. 20| Q@
calcul ated-1bmcCill/died itempeélaattuhemi difRogr i s 50
an assemephotofdynt Greosh/$SWhen-6TB83ARIH=50%, t he
CQflux value calcul atlgddmoyy/sBLWibs=G0Aamalde i s
RH=50%,e.fCQUx value calcul 46&dol/yInCiLM5s o wms de
that under the6.shiMmeinemMpked adnucebgdbAbed Bg21h
forest at the YAJP site is | ess Tthtream etalsaatn d
t hi scogualpdh édedi fference i n envifrlounxmenmetaasl urceodn dt
this projdikpriils afn evaccrhc hgeapri Alg tamids t hiemeé e m
|l ow, gener ak6l.y3 Ab diBo V@ AZ1éGmMMAID@VRIS . 6 A) or rel at|i
l ow (5.1A in 2021v)a.poTre hceo mtienti sofalvsat drow.
absor bs;Ouass aC@uthaet iIComMd . Wi tmo d e | s kays siusmecs| et ahra

the temperature is 20A, and the humidity is
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predibc e;a®B ortphtaainonunder the weat hélowewerditior
athe YAJP site in March and April, the tempe
-12A and 19A (according to the temperature de
hi ghestt utreemperoan Mar ch 26 4fo uAprofl t1hOe, Y2AQZP1 )s
10 OBo/inY)ss Therefore, t4fel uxalrceusluattesd uh@er t he t
di fferent.

Comparingfltebx@&mdcl&@smeasured by the CLM5.0 mod
conditionsf wk® bndotl Heme@S ured by the YAJP tower
warm conditions (e.g., noon in the summer o0
5.7), we find thate tYAe Pv & laweg e me & st thnaend) n lihyeu d ke
val ue modell ed by CLM5. 0. This i nfdriocnattehse t he
forest that iIis predicted by the CLM5.0 model

5 3 Comparjcicommemnft r@hieadan swiutdh e®

The glebahc&€®Otrati on chaRkgee Hhomn2001b7 Fi gul
(reproduced from the GI| obal Moni toring Labor
the whole year of gl obawasavéd@&gppmonoedOtasi i
2019, and 412 pgpcnonicnen20r2a.i omheofCQ he YAJP si
September 2017 to September 2018, 408 ppm frr
from March toadd|l ¥3Bnppih206rom Jhruarepsoan Awg
tdn averages over dififnet e nimeaanads @ldo ol fatthdeat s ® we
measurement results are incomplete.

Fi guGceo nip.ar es t he moucnotnhcl eyn tarvaet ragognéAlm@ow e u r e d

wi t hgltohheant hl y avenaget C®Ot i on nceaans ubriechds ttheyn G ML
the€®Oncentrat iadtnh eme¥arsiwia engiicthe | ower 2t han th
concentration measured by GML. The first rea

site I s far asaay fimem@oOnribsasni oanrse afssr omndr bhe a

64



YAJP issit@e pure coniferous fogcesthewid harae sfia
conditions that affect t he,x, pThat ' secahdorpgtis
because there are forests near tdadanydsIP sit
proecefagi | i ty,abtsko@Df oot at mosphere. The gl «
aver ageonC@ntrati on swarsmar isalwhd rolf g u SM&nvi r onme
such as cities, forestsonaeamdt rpdtaiinrms .i MM htelr & f a
t he {fAJdsBRistte i s | owercatvleamgteheneg@lsabaeld ®9® GML.

RECENT GLOBAL MONTHLY MEAN CO,

420 I ) v l LI I | I rra I LI I I LI I
. $
410 — % - e |
g ¢ ¢ L] %
. ®
i L
E * . . |
S 400 —f-----®-smmmeee gt -
o ¢
S P
® * ¢
L]
3904 A =
° L]
380 | - I 111 I 11 1 I - I 11 1

2017 2018 2019 2020 2021 2022

Fi gube Gompari son of enomda é hnye aadvieroeadg eb yCOrAJ Pt
angl obal monthdiycenetamatCiOon Meas tuoednhby L&boba
( GML) .
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54Comparof®@fnlsux with other studi es

Di fferent forest components al 50 alsawe odvinf fien
TablFer o2el i ch et al . (2015) (rle9s9eba rtacdh e2tl@d 1a2Zn)da tc o
the Borden Forest and they-medmnaoalmude ch kt lodt cta
with an aver adgd dmypt(a\keeP)af AT 7% he YAIP site s
the averagkl uptake3 COmgC/efmy fisombPeapt OM@ber -
SeptembecalR®O&alBated for this full year since
ti me .oaei @ds )ffefémwxe bien wée@n Borden Forest an
di fferences in the composition of the two f
including Acer rubr um, Bl ack Spruce, and Jeé
coni ferous fohasd, ®©Ometthree®ods hiem t he Borden
with a | eaf ar(e@oridnodne xe t( LaAll.) 200f1 14) , but the
aboutthhe2 gherantt'hse LpAl , the more carbon dioxi d:
20lathd ®dF.o lexampl e, usi ndghetnhda h@L M5 vreond eclo,n dw
constant, the temperature is 20A,falnux tihse hut
16emol?sm and when JfAlus84,erdo h%smC O

The YAJP |l ocation is compared with other Ca
fore€hs boti,gatmaeu boreal forests of Saskatchew
forests are dominated by black sprpéeee,only
and the YAJP research site is pure jeamc¢k pine
from black spruce forest in LAI, but al so h:
site is about 1whim g Btehrg ejr asakt 1ei@de/ )gn YAJP
As shown i/,n iFs gmmert Bé | CO® from tiske n€ABR I ver e
during the dayyis i anlds ccralt @ ch gb yC Bbd gseCtPaotsiiotni.v eT haet
ni ght, which indircaspinidngpar veaget hei dor ies |
ot her g¢count tshuemsypseatnhee dafyltuixmeo fC Hy ynteig?altd vor e s
antdhe ni ghftituixmei sCQQr eated ,t whmchersxhb@Ri ¢ hrae¢ I
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t hley ytkddést at namgd biCeesl cpdasssietview e, tClRe dayt ir
flux values at t he YdAaywt isihd e®GDyattfed I Balweg.er t h a

reason for itshhast diiHd erwocéorest s have di f fe

geographical | ocations of the two forests ar
| | |
0 B
o 10 E
3
IS
=
o
g 20 - —
2
| I I
0:00 6:00 12:00 18:00
2021/8/25

Fi gbZ@Qf |l ux measur ed aAtu.gtsh €2I0AJP tower i n

There are many <conditions tshatl mfdeditt itdhre tp

temperature and moisture, there are also con
and plant stomata. Moreover, treesflaurxe amuch
high places is easily affected by the weathe

In British Codfdnubxi agf tfher eQ@ s domi f2at%ed by
OmoP/hsms smalYAdP shdemivhath@4.6Bmnmot’/seme sp 018
because tcoonipraereesd, moss armnd ndriecside md yaebgshoerdb | e
temper awaitverpaud

For the i mpact e&hdnlgee toenmpfoarads tan@O spati al
frequency in YAJP f or estba(sterde oGa nsatda nadn abgoer.e
f orsasatd aspshmmvfeorhegther fire fr eqgaaenndc ywhtihtaen b
spruce Kfesrteg)t, RMWelBe changes in fire frequer
surrounding average watlke mMomsthebutiomegdtilaras
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|l ayer that

whi ch st eéeueovat er

may | ead

hi gh

S mor e
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he
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sur f ace
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t he

mat e

form

c h

ncr e

2&@Miilssaondsi (KPsaee, t R

beomihgd g9giheemrs CfOr om Si ber i an

bor eal

Tabl Be®2cosystem prodiufcft e oent NE®Des .

Site Forest ty|CQfIl ux

EOBS Ol d Black|4NK8 ¢ yo/ 1
SOBS Old Black|[30N5 Fye€/
NOBS Old Black|[27N11 %gy rd
YAJP Jack Pinel|l9%y C/ ynr

Borden foreMixed for|177C/dghmyr
Chi bougamau|/Bl ack Spr|175 ¢ ya/ n
Northern SwPruRiene fqg261 ¢ ya/ n
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6.Concl usi on

According to t hteher ecscerarreclhgpthrioatsousl iest, wetncal |y
radiation 2f PAR) warsdt@@ hi ghedft Pher eChtoaecorr e
flux 1 s mainly drlemeperbyupeopadpwtiikeesi .0
egxhanWkeen the temperature amnmnd pladretr ylEtoos crmol
wdenhanced,comceheéer €0i on diTrhet eegaiere oddcrcoag
bet ween tempecancge et Raldi @O iasnd the degree
bet ween awa&twanrcent r atc @omc eamtdR=a@QA008n. iTshe degr ece
cortrieorma bet ween tefmpueR=at.abr,e aaardd tG@ degree
bet weenmawabecentr adfilumR=@B&8.t COoo high temper:
t oo mucvapwadmerduce the photAsyshdhwrsi Bn oFi guna
and Fi3gubecduse the temperature is | ower in
plants is slo€g€®abshbabmbeidni susmimei ng i s | ess tF

The temperat mr eMaircdh/ Apgsed 20Ad8 to March/ Apr

March/ April 2019 tonMarali/edp2a0gdaddn2d®Nex H hethhe
at mosphere showed a sl ow growth trend durin
2021, it has .i nMfchreea®@E& e ntst atggihoh y at the YAJP
Mar ch/ April 2018 to 2020, however, in 2021 t

The aver agef lvuad uvien oMa +cO8/ Afemo ili I/nm22a031 80so | / m
in 2Dlshopl?smin 2@2&mol4smdi n Th@2LCIOak the YAJP
sitelwen|?sintrom September 2017 ct8o!|?Bimpommber
April to Septl@gmmet?dsimnom@0OMarch t,o al®d8y in 2

emol?stnr om January tToheAufgaursasti nat20t2hi s resear

car bon.
The forest in the YAJP study area is ¢l ose
facilities release a ilnnghgg C@uxmioefe Sthfe okl wi a

direction from 170 A (atvoe rla®g0ed borbi tin3y.s& Hmpgbhyed P S
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tower , indicating that poll utants detected
Suncor facilitiescomeea(b@a.tkseteo Wifly.n8r mnPod § m
direznd omd@fhleupGesihol?9m i ndicating that the p
be rel aaupd ake 6 @Vhteme t fhoar reresdrt.d wtnssi e et hi s r an ¢
CQconcentratiofand tif6ée B8 Qoo Il 2k m
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