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Abstract

Aims Clouds and aerosols change the radiation level on the land surface and indirectly alter the microclimate.
Shifts in sunny and cloudy days, for example, would affect the net ecosystem exchange of CO, (NEE) between
land surface and the atmosphere. Our objective was to analyze the influence of shifts in sunny and cloudy days on
NEE, its responses to light and temperature in a reed (Phragmites australis) wetland in the Yellow River Delta,
China.

Methods Using the eddy covariance technique, we measured the temporal changes in NEE during the growing
season over the reed wetland. We selected 12 paired-days during the measurement period following two criteria:
(1) the two paired days are adjacent, with one sunny day and another cloudy day; (2) no rain event during the two
days. We assumed that: (1) live biomass and leaf area index (LAI) are the same during any paired-days; (2) soil
moisture has no significant difference between the two adjacent days. With these criteria, we expected that radia-
tion condition exerted the major control on NEE.

Important findings Diurnal change of NEE showed a distinct U-shaped pattern on both sunny and cloudy days,
but with substantial variation in its amplitude. During the daytime, NEE on sunny days was significantly higher (p
< 0.01) than that on the cloudy days (n = 12). The daytime NEE response to photosynthetically active radiation
(PAR) was modeled with the rectangular hyperbolic function (Eg. (1)) for both sunny and cloudy days. There
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appeared a significant reduction (p < 0.01) in light-saturated NEE (Amax) On cloudy days compared to the sunny
days. Similarly, there was a significant decrease (p < 0.01) in daytime ecosystem respiration (Reco daytime) ON Cloudy
days as compared to that of the sunny day although there existed significant exponential relationships between
Reco,daytime @and air temperature on both sunny and cloudy days. In addition, the temperature sensitivity of ecosys-
tem respiration (Q1o) on cloudy days (1.9) was significantly lower than that of sunny days (5.5). Stepwise multiple
regression analyses suggested that PAR and T explained 63% of the changes in NEE between sunny and cloudy
days. By taking advantage of the natural shift of sunny and cloudy days without disturbance to the plant-soil sys-
tem, our results indicated that cloud cover significantly reduced the absorption capacity of CO, in the wetland.
Thus, it is necessary to take into account the shits between sunny and cloudy days on NEE when predicting the
ecosystem responses to future climate in the wetland.

Key words sunny day, cloudy day, net ecosystem CO, exchange (NEE), daytime ecosystem respiration
(Reco,daytime), light response, temperature response
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Fig. 1 Diurnal changes in net ecosystem exchange of CO, (NEE) and photosynthetically active radiation (PAR) on the 12
paired-days (i.e., a sunny day and an adjacent cloudy day) during the 2013 growing season in the Yellow River Delta wetland. Black
and grey solid lines represent PAR on sunny and cloudy days, respectively.
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Fig. 2 Average diurnal variations of net ecosystem exchange
of CO, (NEE), photosynthetically active radiation (PAR) and air
temperature (T) on sunny days and cloudy days during the 2013
growing season in the Yellow River Delta. Bars represent stan-
dard errors of the means of 12 sunny days and 12 adjacent
cloudy days (mean * SE). ***, p < 0.001.
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Fig. 3 Relationships between daytime net ecosystem ex-
change of CO, (NEE) and photosynthetically active radiation
(PAR) between sunny days and cloudy days during the 2013
growing season in the Yellow River Delta wetland. Black solid
line represents fitting curve of sunny days, and grey line repre-
sents fitting curve of cloudy days.

BE4  20134F il = MR A K= R AN R B AR S R
éﬁ”?”&(Reco,daytime)iu%:ﬁ%(-r) E‘]?%?\ o éfﬁﬁﬁé:ﬁjﬂﬁ [ﬁ] 2521
IREARERBITAUS £k o

Fig. 4 Relationships between daytime ecosystem respiration
(Reco,daytime) and air temperature (T) on sunny days and cloudy
days during the 2013 growing season in the Yellow River Delta
wetland. Black solid line represents fitting curve of sunny days,
and grey line represents fitting curve of cloudy days.

A S HT BT 2 5 RNEEAZ St 1) L5 K 1+(T: R?
=0.37, p < 0.001; PAR: R? = 0.20, p < 0.001), PAR/Z
B RNEEZS S 1 E#H 7(T: R® = 0.10, p < 0.001;
PAR: R®=0.38, p < 0.001). £ JG[a| 453 H7 % 1, 4PAR
5 ATXANEEF B 7] 5% 1% $163% (R* = 0.63, p <

0.001; #%2), UiHIPARL TS RN KNEEZ:
S BT T

3 itig
3.1 BAXFNEE X3 E M A 75 &R 4L NEE S Mo [z A
=AU

A SCRIFFT I AN R P 46 i HNEE X PAR
(o o s — 5, R E AN R, 5EHT
1R Z 5T 45 4 — % (Falge et al., 2001; Monson et al.,
2002; Zhou et al., 2009; 5K5R%, 2009; Han et al.,
2014a, 2014b; %%, 2014). PAREFHIH KAl
RS RS A K RS INEEAR 46 (1 & 2 M &%
(Flanagan & Johnson, 2005; Liu et al., 2006; A¢4L 5
4 2012), Michaelis-Menten J7 P34 & B, PART] LL
R TR R BA R NEE AR 1L (1157%-82%, il Fé [ R 2K
NEEZZ 1L [1153%-81%. 2 )=2R b4 e AR i R UK
PHAR S5, SEMPAR, TEEIRSEIR T, Sk 5
BH R A K 45 #F N NEEST Y6 1) i 3 5 4iE (Baldocchi,
1997; Freedman et al., 2001),

12— G IR RS A, D66 1 H BEPARY 1
S 17734 71 (Glenn et al., 2006; Syed et al., 2006; Hao et
al.,, 2011; [A]/NGE%E, 2011). SERER TS HEAER
FEAEAN R R, HILGHG], B SO SRR
"N % (Jiang et al., 2011; Tholen et al., 2012). i KPAR
BFHKTFRR(E2B), ik, BRI N A
JeAERTTRE R T IR, RN G R Ana 35 KT
FHR(FR1)o Zhou%:(2009)HF ¥ IN K Amax 5 AEL A R IR
B o, P KA BB R & Fitm T
30%, Ui IAFEREBEEKIES:, RBH = 28 a5
FEH6A BT LU R AT = I A BTG, Lawss
(2002) 5k 5 A BRAR AR . Hilb, REDLEBERAESR
GERAS AR S AT R 8 . IR T,
PR R T AR 2, PARE ZFEC(KI2B), KRE
PG RZAT T, NEEX)BEPARFIE A1y 3 in (1413),
H i T B RPARRAG, HLE R A H B H LS,
PRI HENEE W Z K T R (KI12A) . Alton (2008) 1175
AT AL SE YRR PO ARARAS B 234 (1) s 2 e WA I 2
5 RN, XL AR R A B & L I R 2>
60%-80%. AH 5, ZERIFFUABHAR S0 B /INER A
TR A RGeS W 8w ORI, 2 RS
RS S I (RS, 2014) . 3 SIFTT S A
— B S R 22 5 T, AN A (0 [ OR RS KK 4 48
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2 ZInlRIA S Hr B = A YN AR K TR B RIS RO B A AU S (PAR) 5 () XHF A2 45 REECO AL #:(NEE), B R RIS KPARZE #(APAR) 5T %

H(AT)XENEE 2 & (ANEE) (1) 13 [7] 5% 1

Table 2  Estimated empirical coefficient of multiple liner regression models for changes in net ecosystem exchange (NEE) with photosynthetically active radia-
tion (PAR) and air temperature (T) on sunny and cloudy days during the growing season in the Yellow River Delta

Ji#% Equation R? p n
R Sunny day NEE =-0.005PAR - 0.28T + 4.06 0.41 <0.001 288
91K Cloudy day NEE =-0.006PAR - 0.107T + 2.67 0.42 <0.001 288
[ X ANIE X 2= 5 Difference between sunny and cloudy days ANEE = -0.0044PAR - 0.1234T - 2.54 0.63 <0.001 288

ANEE, BIRFIEKNEEZE &, AT, "7,

ANEE, NEE difference between sunny and cloudy days; AT, air temperature difference between sunny and cloudy days.

Fr(Graham et al., 2003; Dengel & Grace, 2010)F1
AR (Zhang et al., 2011) KA1 H R0 i 5 1) 52
Wi, SR DGR BN OT BRAS e A7 — ELALAEAH [F]
(R HRE S5 A N AT L A, AT b ) 22
S FIA [RI AR B 2 R R PR B AR AR R RS B T e
A I R R A i N

AN, K B R SR AR AR 5 | D ) i R AR A AR 5 i)
NEEX G IR NAFAE o 1556, W BEd ik 52 e il 2R 41
2% S N6 G R FH P 2E 52 (Syed et al., 2006),
W FE T A R TG A 3 E ) $2  (Pingintha et al.,
2010). AHR AT R, BH R AN R Amax 5 THI N 8225
IEIE IEARDG (R R = 0.80, p < 0.05; HIK: R® =
0.63, p < 0.05), Hk, AEERGTN S IE S B
% 1EAH=C(Aires et al., 2008; Pingintha et al., 2010).
Z'Kﬁﬁ% ':F' iﬁk H%j(%ﬁ: [‘ Reco,daytimeﬁ mi%% T
20%, {HNEEA) & 2 = TR H167%, i B I il
JEE b ' 5 ] 5k R ) PR32 ezt i A S R G
IHAE, RIATE RAESRE I DIRE 8, X
50 B9 45 R —5((Han et al., 2014a).
3.2 [RRFNME KX IE A 75 2 4 A O R B Aim [ #Y
AL

BRI AL 2 B G Reco daytime 3 T3 2 i35 1)
IEAHSGR R, WHE RIREOCR, H5UARZ N
4 B (1 55414, 2006; Zhou et al., 2009; Zhao et
al., 2010; Han et al., 2013, 2014a; Ji P44, 2014).
TR M A RGP T 2 A 3 (Law et al., 2002;
Reichstein et al., 2005; Urban et al., 2007), A< 3CHfF5T
R BT = A YN P S b e O AR AR G B R
T 10%, HCBH IR NG R IR 2 T 5 [ R 2K B
L ik i S AR PR R 9 R R K 1) il 22 (Berry &
Smith, 2012), B IR] = AU W LI RN I R AR S
FRGENFIR AR B OR$E 5 720% (p < 0.05), BEEHBIR
SATTR, RS L 53 G I et AR B R
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SRS PHAR S 2 F R AR, o DL RORE e 25 i 2
F|— & [F40I(Urban et al., 2007).

QuofB# V2 N HI T VP A2 25 2R G2 WP IR ik B2
AL HURFE L (R4, 2011; M) B4, 2013;
Han et al., 2014a, 2014b), Quftil K, HIHES RS
P X 52 AR A PR o BRI o B VAT = A I =
HAER RGP RS K QuofE BI1E CAT IR Qo7
[*(1.0-7.7) N (Chapman & Thurlow, 1996; Silvola et
al., 1996; Lafleur et al., 2001; Bonneville et al., 2008;
Zhou et al., 2009; JAmN %, 2010), HHHER AR
Q1o 45.5, E TR AKIFIQ (1.9), Uil KA
KA RGP AR AL R RO AL B e 40
TR N, — 7 T AR A R G B R 5 <R o)
(Kirschbaum, 1995; Xu & Qi, 2001; Janssens & Pile-
gaard, 2003; Davidson & Janssens., 2006; 5K 7 HH4%,
2006; Jassal et al., 2008), il *FQqor= 2k ¥ i = %
0k 5% i ' G B R A I 1 3 7 S B (Davidson
& Janssens, 2006). 5K THLT ((23.56 + 2.62) C) %
FERTBHR((21.26 £ 2.34) C), AR TBHT RN
i BB AEE, O6E S IR R TS
5 B PR, I O B A s, AR T, Bk
B2 kB e T B S RERE, ROV PR
(Xiang & Freeman, 2009; Karhu et al., 2010). %—7J7
T, 5 R A B A e TR PAR A £ 55 R 6 A1 F B
o, P AEEIE A WL 22 (Curiel Yuste et al., 2007;
Jassal et al., 2008), HFEFFIIGoE, [FHy EAEHYE DA
Je 58 S IR AR W R RS R TR . FE ) 1
(Edwards et al., 2004; Heinemeyer et al., 2006; Moy-
ano et al., 2008), TR i TR At N AS LA A3
HI%. IR AZ 2I3HH(Gershenson et al., 2009).
33 AMREFEELRRE

AHEFE LA = A P 25 R O U &, L
H ARG T IBBA AR B R FIG K, fEAEDEE R
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(CEWE. M THARTRED) L3/K 7 LR TR RFIE R
FEANAR AT T, 20 A B IR 2R 5 [ R S A2 Ak
MAEBRGNEERZWALE] . HAT, 415K 4R S
XA RGENEE B SE M B HS LA 2 F5 BON 48 FR
(Gu et al., 2003; Liu et al., 2006; & T%%%, 2009
Zhang et al., 2010; JHNyH%%, 2010; *#3:4%, 2011
Zhao et al., 2011; XIfEZE 2014). X FHIF5T )5 1% 1)
KA R B, KBRS AE R (D)
L M IRER) . R R A AR R AR AR
A, TN ] B A BH 4 A X — B DR 3R 0 NEE FR 425 T AL
TR 8 A TASHIE T b AE A SR A
TRIEFEAHAB IR ANG R, A8 H R S 1
— AR PARMIFES . A X R WTE T E, Han s
(2014a)i 1 %f B 23 B B RN I A 5 20 5 1
M ZRE, E R TOCEEILEH R B+
HERPIR ISR . A, AT A BESUR ILPAR
U TS R AP 5 1 AR AR R 23
P2 R 5E 0 (Tang et al., 2005; Baldocchi et al.,
2006; Moyano et al., 2008; Wingate et al., 2010; Han
et al.,, 2012). {HJZ, DAAEIHFST 2 i 424 &
G P 5 il BR EOC RAME T R AN S E R AE RS
ZR L (Doughty et al., 2010; Zhang et al., 2011),
2% T PARXS IR AEZS RGP IR 5%, BRI H AT
— B JRBRYE . 2 1 RPARIARAL, AHFTTR A
Michaelis-Menten 5 285 111 R A= 24 28 48 W W R AT 4
S, AR A FR G IR il 5 e Y K SR I
I

AW G A ] B AR T BRI K e
e, BUFHUE B T BRI R 5 | AR O BH 8 4 A2 A
X A A RGO D RE I RE W, A = DL ROK
AR B A 0T DX I C O A8 46 1R ¥ 1 5 Wi £ 1%
TH UG o AWEFT R AT 120 BRI
BREE, HOR IR RS AR, 1 H BT
A IE SRR, FATH B A AE H 4y $e BIAH LB AT B
RIEREHER o BLAh, AR EAT] 2 BEERT T
PARX A= 4% R G /L K ZENEE K 520, 17 NEE /2 1 B
HE W ERCES RGN ), GPP)SAERRSE
WIS TR (RS RS, Reco) Z [HIAH HLA- (1) 45
R, PARKT R 6A VR F BL A AR 25 28 GE WP IR 2 1)
ML, AU IUBAT I S R, 72— 5T
o BR TR AR KA R GINEE L, SR A1
KR RIS, BN O6 G 1E T IR A

Bl TR 2 B A 73 At PARZS AT BT — A1 1 7 2530
R RGN R A A5 o

EE&ME BERERAAFEE(41301083)F E KA+
F F A% XA A (2011BAC02-B01).

Bt At AR T = AR R AK
sk KA L AT N T AT e F5 8.
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