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SUMMARY

Title

O Investigation of N3O concentration and production in the western Arctic
Ocean

Purpose and
Necessity of
R&D

O Polar regions are known to be particularly sensitive to global climate
change

O Rapid environmental changes in the polar regions caused by global
climate change affect the mechanisms of N2O production and extinction

O Data of N2O concentration and production in the Arctic Ocean are
required

O N3O concentration and production in the WAO are to be quantified and
the relationships between atmospheric NoO and WAO are to be
determined

Contents and
Extent of R&D

O Investigation on the N.O concentration of water column in the WAO

O Estimation of Air—-Sea N2O flux in the WAO

O Determination of the variability on the dissolved N>O due to
environmental changes in the WAO

R&D Results

O Measurement of N>O concentration and accumulation of data in the
WAOQO

O Analysis of NoO distribution in the WAO

O Analysis of environmental parameters to understand the controlling
factors of N,O concentration in the WAO

O Air-Sea N2O flux calculation and accumulation of data

O Analysis of environmental parameters to understand the controlling
factors of N»O flux in the WAO

O Determination of the role on atmospheric NyO in the WAO

O Determination of the dissolved N;O and annual variability

(O Utilization as a basic data for N2O research in arctic regions

Application |O Utilization as an indicator of environmental changes in the WAO due to
Plans of R&D |climate change in the future
Results O Utilization as a basic data to identify the causal relationship between
the N,O productions and global warming
Keywords Wﬁestern Greenhouse Nitrous Oxide Air-sea gas |Environmental
Arctic Ocean gas exchange change
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A gdst 2 7]eiste dyE #AE HAE %@7]7?1] % NoO (o}4bst & 4 Nitrous
oxide)= ©o]Aatstets (COp), wWigk (CHy)¥ &4 7] $dsts §238ts ZFEs 24742
a4 A Atk N09 24714 g3 COz9 oF 300uje] 23t oz dejx glow
(Briegleb et al., 2000, Ramaswamy et al., 2001), o] & <213} A&
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= Aoz deA vt (Crutzen, 1970).
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qFHFANA NOE F2 vAE o o3 AA4rst  (Nitrification) ¢} &2 4ks}
(Denitrification) ¥ #4¢] &) A4t} (Capone et al, 2008) (18 1.2.1.3). 223} 3
A2 NHy7F NOs 2 2bsle| = g oz o] Aol FAEZ N,O7F Addrt. &xts)
HAgE aban wE7F v FAdA A=, NO3 7 No2 v & Ao A ks

N:O7} A7 €t

foke] N,O 71& dA+s F2 2ES (Baltic Sea), &3 (Black Sea), @A 59k (Gulf of
Mexico), &% =3l (East China Sea) 53 #Zo] Witk &3 24 v &o] &2 AJMA A
Aol NoO Ao =4S Fof W Ho] oy} FHt Eo] Y (AR Y, dAY, A=S
2G5S 8)e FAr) A 22 AE (NOAA-ESRL, CCHDO, MEMENTO )& %3] N
WA S F4sta ol mE 3 WstE olFstel= wHo] MaAEI Unh AN A
2 gl A el NO A el #gk edst dtels &
3l NoO rA akol] gk . A 4-% Q1 7] A
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H 2% =2 7| e

A1 =2 %

1. A3

EFae] HdAds ERAES ddeld AT NoO Ao 2R, N,O 23H=9] ¥ 9
= 82-181%% #=x 9} (Kitidis et al., 2010). Kitidis et al. (2010)= &4 & N.O &
Eol A Aot g B ARE TS, AN FHS Tk 55 2559 N0
AFALE A2 2N o5 2HAVAES] AMS-t7] FH27F S7HE Aolgta At
3l th. Verdugo et al. (2016)& E3) WAl Ex|oA] o} A EA o o2 292 N,O
o} CHy A ol gk 2ALE st A7 Aol 29 N0 CHyol X3t 7

b 42-111%¢9}F 27-649% % 433 &34 dsde vepdidn (21 21.1.1). 53 CHs2
Al A A A e B NoO= oAl EA oA w2 F1F B3 HEHS e
At

AMEFENA HAFoZ NO 55 #53 A7 Ado] wEw, 2559 N0 s+
11.4-169 nmol/L, ¥ 92-118%% UENATL Eg Y% ooz 7242 wr 9
Z3w 7t F7 et AS JERUIQ Y (Zhang et al. 2015). olw 3= N0 F 8 source
(TEd)oz HAFAe] Aakstel @z abstol] ok N,O A4S Al 8T

[‘_8L

2. 71%& /e A3

>

7}. IPCC (Intergovernmental Panel on Climate Change)

IPCCE 713ZmW3lel Aaalo] A QolxSo) A 29 BaEd etz 712 2 A7)
A HIME AFsr] fste] AgE FAZITEA, COp CHiSF vE0] NoOE 3d] &47]
Ho o

Az AAste] 7] F =& F7 EUH s 24 7AES desta 9l

IPCC HaAe] wzw N0 CORth o 3008 ek 2474 eka g Sioh

TSk Q7 5o F45% TV di7] F NO9 % U7 dAES AdAACE e
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1}. GAW (Global Atmosphere Watch)

GAW:E FAAE (UN)9 5877 AAZIE7F (WMO)e #8h7)% 2] %
stubz, A 2dstel 2 34 Aol diHs] flske] 1989W AlAE AT ZE 1
oz t7] T 247 B3xd i AAAEAE (WDCGR)E 93t Jow, Al
AZ1E719e] BE 3] se] este]l  AlAle] oF 500017 o]e] t7] A aE # D
st Qo (28 2.1.2.1).

t}. NOAA ESRL Global Monitoring Division

"= NOAA 4<% ESRL (Earth System Research Laboratory)olA & A X523 N,O
2 CHy 75 Festa vk & =71, efsto], F= 5 91k whet 4719 #Sa0l A
7] & NO9F CHy F58 AAtez #5 E43te] 7|5 W] g 7] & &4
71419 HE WAEE At du (2y 2122). = A AA g7 B=29 sty
N:O9F CHy A= E Ffste] A AlAl AFAEAA AFate] SA7A A5 & 9
2 gdata 9

=

2}. US Ocean Carbon and Biogeochemistry (OCB) #| ) Oceanic CH; and N-O Workshop

sl Foll A NoO9F CHyoll tigt Fg2l Jryt dojdos BEH3s AL, o
g BRE TRyl A A UMEANAE AYstr] 9k 201839 10¢ 28% =
1A 7kA] w=pell Al Y ZAke]l HHEHAT. #H AT UL Aol EE T Flsta
t} (https://web.whoi.edu/methane-workshop/).
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1. 20173 A E=3) 3= XA}

7}k B4 54

O 2017 M E=38] @8 A= WGy 55319 (Northern Bering Strait; NBS, =1
2 3.1.1.1A), F A s &3l (Northern Chukchi Sea; NCS, 1% 3.1.1.1B), & A Hl
go} E23]9 (Northern East Siberian Sea; NESS, 1% 3.1.1.1C)o A & 3071 ¢

Aol A T A

O whdo] NCS9 NESSE #W g6olv 4&
SAolth. s el M= dubH

2 yehgd (29 3.1.1.0).

=] [e]
Wi el e Aol

O NBS s199 £35 (54

[}

Hyt 514 T, g% (89
(dissolved inorganic nitrogen; DIN):= 5.31 pmol/LZ vEFyIT)

O ddo] Hiajod (NCS9 NESS)9] Z35E Aidoer 23
FAE AT (2™ 3112). HHE x5 Hdt Fee

23

50m)e= HHAES] ZFFe uds W diHe
dol ¥ FTHIY (27 3.1.12). NBS Y
32.33 psu, £F =

Foo g @o] wH= NBS 3
(226 £ 249 pg/L) (29 3.1.1.1).
NBS7} wj$- AAab# ol &) %

o]

271 A
ol ¢ va g
1.00 C, dx&



O

O

O

O

XFTo &5 AtaE NBSO 44 it 3338 mmol/L, EH3]92 w5+ 3854 n
mol/L= NBSHtT} NCS¢ NESSoA o #=A udevs 2A3dFe Bin (29
3.1.1.2).

F2-dE T 3o Hol%o] (1% 31.13), AT dde TEFE F A9 Fy=
TAE el ATt 3 FE £y dEo] Ha okdo] ZEHF Pacific Summer

Water (PSW)o]al Bering Summer Water (BSW)&tx Eg7|% gt} = & &
= Fe3 dFo] vy gofdo] nzdwE Sz Y AFd A= Fresh Water
(FW)gta x71stdd.

T 90 AR 100 BA Afe] (58] 73° F)oA
Ee% £3o] o]FA L Ut
T (-’F” 50 - 200m)e= H¥-E el A9 o] FA] vka (< 00), A
o= % (315 - 336 psueli, &

%3 (DIN > 10 ymol/L) &= FAlHo Atk o]zjdt 5A-& Pacific Winter
Water (PWW)e] 54 o2 w# 3|3 (Bering Strait)o] A A&t AAHE= 2
olth. =3 PWWi= N° (= [NOsl - 16 = [PO4) HA2#e 7HA+= 5A-0] Ao (1
2 3.1.1.3).

>

PWW o}g] 4] 200me} 1000m Afelof &= FHdl 4= (T1.25 C), =& 9% (734.89
pswe EAo] vetdrt (29 31.1.3). ol2ld EAHLS HE 2 el Atlantic Water
(AW)e] EAolty. PWWel b2/ AWE Fdldoz N HUgs 7HA = 549

AT 4 1000m ofefol = Aoz w83 23 8 O\ <0 T, S =7349%
psu) ¥ E xHeolt)t (¥ 3.1.1.3). o] &3+ Arctic Bottom Water (ABW)#}l1 &
g 7hd & N e 7

|

24



Chl-a
(gL
0.2

0.4

0 500 1000 1500 2000 2500 3000 3500 4000
Bottom depth (m)

a9 3111 20173 M EF3] Z2AF AR} 25 954 a 555 (A) WHHH 5769
(Northern Bering Strait, NBS); (B) # %3} 53] (Northern Chukchi Sea, NCS); (C)
E A glo} E-3a)e] (Northern East Siberian Sea, NESS)

25



10 11 12

Potential temperature

(0(1) 4

-2

520

480
440
400
360

Dissolved Oxygen

(pwmol L'l) 320
280
240

200

70 72 160
Latitude ( N)
a9 3112 2017 A 553 o)
z olg); £ U] A (o2% o 7t

Salinity
(psu)

Depth (m)
n

Latitude ('N)
T (P92 9); 97 (282 9));, 224 (Y
x4 Y RS A HEE e std

26



E R 8800
7 @0 0@~ .
ve @ _ ©
1 e ze
| RS A M 2
o0z | _ LTy :
0 00 . - - p 22
l I

12

(D,) d1merdwd |, [enudjod

Salinity (psu)

29 3.1.1.3 2017y A B3

27



U N0 232 24 712

O NBS¢| &g+ F4d wet N0 $27F S7kete s 2ok (19 3.1.1.4).
FZo e T11.1 nmol/Lol i 44 50mo A& 7194 nmol/LE S 78kl whH
o] NCS¢ NESS¢| FZoA+ oF 16 nmol/L +#o2 AR w3E3 k. NBS
TE5o Hit NoO ¥&E 147 + 2.1 nmol/Lel i, NCS9} NESS =49 it
N0 FEE 159 = 0.8 nmol/LZ YERSTh dA 3t ¥£3t%= NBS7F 113% + 10%
% NCS¢ NESS¢ ¥3t% 95% + 5% Hth %9k

A 50 - 200me] FFolA= oF 22 nmol/Le] N.O Hul Fx7F #=H A
1.14). §59 NO #Hit T%=+ 172 £ 15 nmol/Lolal Hit ¥ 3=
107% += 10% % YEebST A3sd 3 7Fd =2 NoO 5% (22.0 nmol/L)e} 23}
= (138%)7F #=H A

!

O o%
(189 3.
+

O AEFE AW ABW 2 F45o At AW Fo oA N.O FE= 139 +
1.0 nmol/L® AASHA #==Art (29 3.1.14). L ofgl ABW FHoAE 5%
7V A% Zaske] 129 + 08 nmol/LE #FHAT. F 3 2F N0 E3es
100% wiwteo g2 B3} g2 e

O NBS ZZFFolA NO Aol &39S F438t7] 9t ANO (= 43 N.O &
T - 98 N,O £%)9 DIN, N'o}o] AaaA4= F59th AN,O9 DINS 0.689)
ko] ARAAEZE B, AN,O9 N'E -0389 &9 A#A#AAZ YJeirt (18
3.1.15). o]& NO7} 77 dakslt A4 ¥ €d4kst 44 S ZalA APdHAASS &
Al gkt

O NCS¢} NESS Z=2 ANO$} 2R 7] 24 2u] % (Apparent Oxygen Utilization,
AOU), N'¢to] AaaAE F3tAth AN,O9 AOUE 0459 4o AaaAZ 1ol
3, AN,O9F N':= -0.369 9 AaaAES yepdvr (23 31.15). ol 94
NoO7F AAtst 43 443t 448 ZalA AEASS Ui

O NCS¢} NESS 4% AAGHA YEbdT o= AArst A
ojluf & tst g AASE Wkl o3 N.O Aol obd, 37t o] FHd

o
[}
A EH AR ZHEol o N0 FEdEs o 5 Uth

rlo
e
==
e
o
-~
fr
off
ki
i
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ok oS-t NoO =82~ 34 2 =4 A

O #%-g7] 714 w3 2AS o] g3ate] AEFae N
HAEe 0.1 - 86 umol NoO m?2 d! <o Zg~
NoO m? d's Jelyg (238 3.1.1.6). o] NBS sldo] tl7]2 N.OZ wrEs)i=
Kol

source g8 3= A

o
X

fr

o] NCS$9 NESSe] Bx2aede -43 - 0 pmol NoO m2 d! &o g~ gto
2 %32 -13 £ 15 umol NoO m*? d'2 yehdoh (79 31.16). o] NCS¢}
NESS #lg& thrlelq afFos N,OE FFate sink 8L g AL BAE

47 QAE

Lo,
L

il

N
Zi
ol
N
Ho
ol
2
i
_lﬂ-!
[>
fo
2
i)
rlot

a9 31.17). NoO &2 %% 42 (sea surface
temperature, SST), ¥3 247} 0.699F 0522 7
3k ko] A#AAS HATH N.O ZH 29 F4HL& F-oudth /E)L%%ﬁli Holx o
*aL EF NoO Hit sk 0499 49 %}1171]
9 AES8 N0 2= &3 ]

-
Asherel Aol s 4HE N
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2. 20183 A E-F&) #= FA}

7 ad &

oX,

=
=7

O 2018 /\11?1— d A A= NCS (29 31.2.1A), NESS (29 31.1.1B)¢ =
Aol A F 272 FelA A

O NCS #9¢ 201797 vla A2 dE 4 a 27 vbobul wkdAo] NESS &9
22 g 27l =4 gtk (28 3.1.2.1). NESS sde gt gd&Ea L=

214 + 249 ng/L= A BA] s8] Aol wdeS HoEnh

O NCS &9 &4 It 528 -1.00 C, gyt 98L& 205 psuy, €& F7 &
2= 1675 pmol/L& JEbtr (28 3.1.22). NESS &99 4= it 5o
-147 C, F I8 3093 psy, & 7] A2E 436 pymol/LE YERRTE

O 2017 3= &9 £3550 &3 9ol W& FW sa 2y 745 g (19

O 25E $oo B%d dn (@ -121 T), Fgdoz Qrd
3294 psu), GAddo]l =FH3 (DIN Hi 1209 ymol/L) PWW <=
(19 3.1.2.3).

o
i
o)
.

#
~
rN
2
2L
20
o

O PWW o}g] 4 200me} 1000m Afelof = Ho = (126 T), =2 d% (734.89
pswe EAo] YeltE AWZE &A1t Aol eyt (28 3.1.23). AWE
PWWol uls] ddldoz N Hdzghe EAT 4 1000m AW oo &= i
o7 A FI A (0 <0 T, S =7349 psu) #¥E Hol= ABW7} &4
sslon], b 2 N g mth
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N REsh 7] %

O NCSe| ZZolME it 168 = 1.0 nmol/L FFo2 dAsA #xaqct (19
3.1.24). NESS %%%¢ #i NO ¥%EE 172 + 11 nmol/LE NCS it o
2 27 vEbdrh shA T Eshw NCSsH NESS 77t 100% + 6%, 98% + 6% 2
2 ol oA gk

O olF 4 50 - 200me] FZFolAE= oF 20.7 nmol/Le] N,O Hu| F=7F #5HHS
o (29 3124). 59 NO Hit %=+ 175 £ 1.6 nmol/Lelal Hit X3+
104% + 9%= detwth A8 F M =& NoO 5% (207 nmol/L)$} ¥ 3=
(123%)7} #== A

O AFFe= AWS ABW F3a FAE At AW FoA NO Fkx+ 150 +
1.7 nmol/L2 LA3tA #=5Act (29 3.1.24). 1 ofg] ABW FyoAM= 55
7} 2% Z2dke] 136 £ 0.7 nmol/LE #ZHAT F $3 2% N0 ¥3EE
100% wwko 2 &3t e 2 e

O NCS¢} NESS F52 ANO9F AOU, N'¢te] AaaAE Fatith. AN:O9F AOU+=
Fm 3 ABAAS Bolx kAR AN,O9 N'&= -0439] &9 AaaAE
BTk (229 3.1.25). o= NO7F A4ks A rnvhs @dakst dds A 44
HASS HERdT

o1

O NCSe} NESS 43¢ 2¥3 gz 527 d4a tehdeh o) 243 74
ofu} wANE YR YA Wol % NO AAol obdl, £} ol FHH

©
[
A gelde Aol o# N0 FELS & & 9
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N

o} -t 7] N,O ZEx~ =4 2 24 QA

O -7l 714 w3 ndg o]gsto] AEIFae N,O T EFS ALbstAth. NCS
de -44 - 0 pmol NoO m2 d! &9 Z8¢2~ o=z P 08 £ 1.1 pmol
O m? d'& eyt (23 3.1.26). o= NCS & o] t7]oA] sFez N,O

g oot sink 4L s AL welF,

O NESS #1992 -17 - 01 pmol NoO m™? d! x5 oz &9 Ty grox Ht
-0.7 + 06 ymol NoO m” d'2 yepdeh (27 31.26). o] NESS &|e] oA
NCS¢} mp7bA R fi7lel A slFo 2 N.OE &5k sink 434E gt A B
o &=t

rlo
[0}

AN

of

O NO =829} & 4 (sea surface temperature, SST), = A (sea surface
salinity, SSS)2 7+7t 0.21%2} 02322 fFofv|st FadAAE Ro|X &t (19
3127). N.O Fe29 F£52 -07=2 23 3¢ Z#4dAE B 25 N.O 3
# FESH: 0519 2% o AneAZ Btk olgfs An 20184 AT
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O 20199 A E=38] d4 A= Wdad 55819 (Northern Bering Strait; NBS, 1
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#He A= £ PWWIE 2439 (17 3.1.3.3).
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