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Satellite-based modelling light use efficiency of alpine meadow along an

altitudinal gradient
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Abstract: Light use efficiency is defined as the ratio of gross primary production or net primary production against the
absorbed light energy by vegetation canopy. The quantification modeling of gross primary production or net primary
production is based on the quantification modeling of light use efficiency to some extent. Therefore, quantifying light use
efficiency at various spatial and temporal resolutions is significant for global carbon cycle because quantifying primary
production at various spatial and temporal resolutions is one important component of quantifying global carbon cycle. Alpine
meadow 1is one typical vegetation type on the Qinghai-Tibet Plateau. It is a typical ecosystem in both the Central Asia and
the world. Meanwhile, alpine meadow plays a very important role in regiononal carbon budget in China. Hence, quantifying
light use efficiency of alpine meadow ecosystem is very important for quantifying region carbon budget on Qinghai-Tibet
Plateau. We modeled the light use efficiency of three alpine meadow ecosystems along an altitudinal gradient (4300—4700

m) on the Northern Tibetan Plateau by using the vegetation photosynthesis model in this study. The light use efficiency is
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determined by two attenuation scalars, land surface water index and air temperature in the vegetation photosynthesis model.
Land surface water index can reflect the effects of land surface water content and vegetation phenology on the light use
efficiency in the vegetation photosynthesis model. The mean values of the light use efficiency on altitudes of 4300 m, 4500
m and 4700 m were 0.38 g C/MJ, 0.47 ¢ C/MJand 0.35 g C/MJ, respectively. Analysis of variance showed that the light
use efficiency on altitude 4500 m was significantly higher than those on altitudes of 4300 m and 4700 m. Besides, the light
use efficiency difference between altitude of 4300 m and 4700 m was not significant. Simple linear correlation analysis and
multiple stepwise linear regression analysis between light use efficiency and soil temperature, soil water content, air
temperature , relative humidity and land surface water index showed that the seasonal change of the light use efficiency was
determined by air temperature, relative humidity and land surface water index on all studied altitudes. Air temperature,
relative humidity and land surface water index together explained at least 99% of seasonal change of the light use efficiency.
The standard regression coefficient of air temperature was the largest, followed by relative humidity and then by land surface
water index. Therefore, the contribution ranking of each factor to the light use efficiency regression equation was air
temperature > relative humidity > land surface water index on all altitudes. This indicated that the influence of temperature
on seasonal change of light use efficiency was larger than water. Multiple stepwise linear regression analysis showed that
growing season average soil water content was the dominant factor controlling the spatial variations of growing season average
light use efficiency along the altitudinal gradient. Single linear regression analysis showed that land surface water index
significantly explained seasonal changes of soil water content and relative humidity on all altitudes. Land surface water index
on altitude of 4500 m and 4700 m also significantly explained seasonal changes of vapor pressure deficit. Additionally,
seasonal changes of vapor pressure deficit on altitude of 4300 m was explained by land surface water index to some extent.
These results indicated that land surface water index could quantify the seasonal change of environmental water content of
land surface in the alpine meadow ecosystem. Thus, it is feasible to use land surface water index to infer the water

attenuation scalar for the alpine meadow ecosystem on the Northern Tibetan Plateau.

Key Words: light use efficiency; satellite-based modelling; alpine meadow; altitude
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wealar = 1 (6)
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Fig.1 Seasonal change of light use efficiency along an altitudinal gradient (4300—4700 m)
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SRS KRR R B i 2k e A 00— E (18 3) Bl 25 A5 AT a2 @k i 22 8 J1JiE 9 A #)ik 5
e {E, 4300 m,4500 m F1 4700 m AR Y 385 AR RIAR G B2 18 225 AR 10 B A 26 R B 51 M 0. 697
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Fig.2 Seasonal change of soil temperature and air temperature Fig. 3 Seasonal change of soil water content and relative

along an altitudinal gradient (4300—4700 m) humidity along an altitudinal gradient (4300—4700 m)
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TR 4300 m BRSPS 8RN, PR 4500 m WOEEER FHRCR K, H 38 KT H e AR ) 6 RE A =%
R MR 4700 m BYYCRER HECR SR/ H 514k 4300 m BSGRER AR 2 AT
F1 3NEEOEREB BRI BRIEEMLEN AREN S ELE

Table 1 Multiple comparisons of climate data, vegetation indices and light use efficiency among the three altitudinal gradient from 4300 to 4700

m, respectively

R CHREC RN R M Rk BESE KRBE ObRACK
Altitude T - Ta RH EEL LSWI Tcatar W catar LUE (g C/MJ)
4300 14.30 b 0.134 a 11.32b 65.9a —-0.0346 a 0.77b 0.67 a 0.38 a
4500 13.81b 0.169 a 10.26 ab 66.3 a -0.0652 a 0.72 ab 0.89 ¢ 0.47b
4700 11.15 a 0.160 a 8.60 a 67.8 a -0.0058 a 0.63 a 0.76 b 0.35a
R

2.5 JEREFIHZCR S AEHEF MR KRB K R

22 MMM as S22 B MR 4300 m,4500 m F14700 m BOCRER FHRBCR 523 SRE MK 68 5.
T ESE K SECER 73 MR B 1 5k 2 s il 25 AH DG OC 2R T 5 I Bk o AR R AR DG OC R AR 2
5 4500 m 14700 m AGHEF AL TN 1 SRR SR 43 0 iR 2 1 4 S 38 AH OGO &R MR 4300 m AP ¢
AW, 3 RN ITAEHE B A OC T as R (3R 2) R DCREFIIRCR S TR RS KE =
SOREE FEXNREE L FRAK AR TR SR K SEE S Ak B T s ARG

R2 EINAMESZREFHEXSNT, HERE.BRE
Table 2 Correlation analysis between light use efficiency and related factors along an altitudinal gradient (4300—4700 m)

W%/ m AR ek 2RI HIXHRE kMRS EESK IR BHL
Altitude Ts SWC Ta RH LSWI T, oar W calar
4300(n=18) 0.283 0.414 0.702 """ 0.308 0.653"" 0.737 *** 0.653""
4500(n=18) 0.879 *** 0.340 0.938 " 0.291 0.578 0.954 *** 0.578*
4700(n=18) 0.900 *** 0.301 0.850 *** 0.435 0.569 * 0.870 *** 0.569 *
4300-4700 (n=54) 0.642 """ 0.348 " 0.729 """ 0.280 " 0.374"" 0.761 """ 0.628 "~

ok o Foxox o RIFR R EMEEF 0.05.,0.01 F10.001 /K

3 AR R H DGRBS 55 H 0y R R S KE 28 SRS AR DL K 3Rk 4316 4K
B ZE B AT a5 A (3R 3)  TCIe & 6 %5 FE AR, 1 57 5 A - 8 S K AN S b ATl 7 R i
235, B b R K R BN R 2 0E A T 8 5 ARG BE A R JC AR I i A 25 E A B0 77 2 5 [l U5 R A o 2
HfFERE T 98% LA L I SEREF AR A8 S5t 5 A o [l U5 28 $50 3% B AS ] PR X6 ' BB A FH 80 [0 05 R 1 BT koA
[7], 25 A BE 1 T R A oA, AR B R BT RIR 2, b K 3 A8 B0 sk /N, 3 AR 14 T A3 55080 19 R 4K ml 5
SIHTEE R (32 3) R/ TEABIE MG OL T, BRI A 5 2 B 25K - (P=0.9089) , HAFTE & #Eom Lkt 78
TCREE G OL T, 1498 5 K s AR B A E 7 R 28 AR EE X 1A 7 R ) ST kR T 8 B K i i ot
Wk, % E T FE AR T 98% HIYGRER FIRCR AR S

ARZENTEPDEREFHBCR SRS LR 50K E Y5 SR AR DL B ERK 4y
FREORAE R B 3°M 0.550 (P=0.629),0.532(P=0.643),0.325(P=0.789),-0.504 (P =0.664),
-0.955(P=0.191) , EiBEANMERFOCRRFICEAME S BN AR S TIRRE 5 KE SSRE
X DL R K 5 B (B ) 2 F % A5 [ 43 B A B0, 3 K Z L RE A FH 2803 B TR I s 38 1) 25 () AR
R SR S KE SRR LR, AR y=2. 5710x («,y 7 HIFRRERKFEH LS K
AR R ZEEDERER SR R =0. 9817 ,RMSE =0. 0542, P=0.006, n=3)
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Table 3 Multiple stepwise linear analysis between light use efficiency andclimate data and LSWI along an altitudinal gradient (4300—4700 m)

R/ m BWEE AR AR ES 54 U R B BRI B TR
Altitude Intercept Regression equations Standardized regression coefficients R? RMSE P
4300 I y=0. 0268x4+0. 0012x, +0. 3253 x5 :0. 8114 ) x,:0. 2171 ,x5 :0. 1173 0.9978 0.0179 <0. 0001
(n=18) A y=0. 0228x5 +0. 38595 +0. 1301 x5 :0. 7602 , x5 ;0. 6972 0. 9887 0. 0081 <0. 0001
4500 I y=0. 0376x5+0. 0015x, +0. 2510x5 x5 :0. 8292 ,x, :0. 2081 , x5 ;0. 0482 0. 9990 0.0151 <0. 0001
(n=18) H y=0.0341x5+0. 5352x5+0. 1525 x5 :0. 8462 x5 :0. 3476 0. 9947 0. 0075 <0. 0001
4700 Jo y=0.0331x5+0. 0010x, +0. 2675x5 x5 :0. 8159 ,x, :0. 1867 , x5 :0. 1020 0. 9990 0.0112 <0. 0001
(n=18) A y=0. 0320x; +0. 3483x5+0. 0771 x5 :0. 8191, x5 :0. 5186 0. 9894 0. 0098 <0. 0001
423,10?5_4;‘700 J& y=0. 6646x,+0. 02935 %, :0. 2696 x5 :0. 7431 0. 9800 0. 0580 <0. 0001

Xy %y 450y 2y W1 s Z0 QTR LR | 5 ki | 25 SGRLEE DU BE 3R Kk 234 5

3 iFiRES&iE

JEREA FIZSCR AT 23 R AU AR S8 TOLREA AR 5 3R e B DG, EDCREA IR SR
SRR TORREA AR 5K S AIOCHE (B 1,38 2) o 28 R BE B o [ U 3R 2 b oK o 4
B R A e S35 K R R bR o o U 2R BB (36 3) o AR RT3 2R B (E B | LT [ U 775 e ) T R
R R, 28 S BERT [N E D7 R SRR T E I 1 IR LB 4R Rl It e W T o R e s ) A 25 R GEOBREAM ]
ORI Z AL 232 45 T R, W EIFRRR I i S RN (T B AR 8 S R B Tk 7
SRR Frifi2e A2 RB(R 4) , IX W Ui FE S K 3 2 8O RE SOV DG REF AL R A 2215 48
o TR, HEHR 4300 m A9 E S HAIE R FH R TR S EAIE(P=0.019) , MK 4500 m F14700 m
4 B2 S RO (R 225/ N TR B RO, RS BRUK > S 80P T BB/ M R 1 XDERER
FIRSCR B A P EE R, IO A A1 BE H %, RIVARR S ) A BE 1 A PS4 T TE4R 4300 m DG BEM IR 2
SZAET IR S, MR 4500 m F14700 m 590 25245 Tl RS0, N R M Tk 3 MK
FOCREM AR AR T 225 Tl E S R (R 22— 4) . DL, fEI ARifE2E M S R B0X 3 ST LI (o
REAE S NDEREA ISR 2= 1221k
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Table 4 Statistical indices of light use efficiency along an altitudinal gradient (4300—4700 m)

B ES L Tt KAZEW st
T/ m . o RS " o L o
: {E IR i 22 o {3 k22 AR5 R AL
Altitude o Coefficient L. .. ..
Range of values  Standard deviation .. Range of values  Standard deviation Coefficient of variation
of variation

4300 (n=18) 0.45—0.92 0.126 0.164 0.57—1 0.095 0.142
4500(n=18) 0.35—0.87 0.141 0.197 0.81—1 0.063 0.071
4700(n=18) 0.24—0.81 0.151 0.241 0.64—1 0.109 0.143
4300—4700(n=54) 0.24—0.92 0. 149 0.212 0.57—1 0.128 0.165

JEREFFH AR 2 MR o FEg RIS 5 AR BT 4K 4300 m #9258 SR R K 048 4k
B I [ A R B 22 0. 063, TBE 4K 4500 m FT 4700 m [0 43- 51 425 0. 4986 F1 0. 3005 ; 7E LA 2 5 [0l )5
FITEDL T, 4K 4300,4500 m A1 4700 m [ 2SI B 1 26 7K 4348 B0 A oE 101 15 2R 802 2250018 0. 6941,
0. 7810 1 0. 7139, Frufi a1 )= Z2H50RH 25 A9 BH 9 35 6F 1m0 U5 J7 R 110 Bk 2588, BT LA 4300 m 1 25 ST &
FHb IR S P8 H006 019 75 F2 9 T R 22 5 e/, 1TV 4500 m 1Y 22 ook,

Z 8 [ H AT s W AR FE AR R0 38 I S K — A R A k3 R T 98, 17% AR
FATRPCREFIRCRAS . Bk, AT RASEAR K F 7 1 9 8k i A K T B RE R ORI AR 1
ST,
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Fig.5 Linear regression between land surface water indices (L.SWI) and relative humidity, soil water content and vapor pressure deficit

along an altitudinal gradient (4300—4700 m) , respectively

x5 AEEESEMNLTESKE HNEE GFKEESREMRAKSIER(LSW) MEERESH (n=18)
Table 5 Regression parameters of the linear regression between land surface water indices ( LSWI) and relative humidity, soil water content

and vapor pressure deficit along an altitudinal gradient (4300—4700 m) , respectively

357K Soil water content FIXFEE Relative humidity AR YA B Vapor pressure deficit

[z % Ry - N . [ = 7 oz ” Ir] )y N "
o MR ez e U geerm wwe P e ane

> egression egression egress
B R? M3 P 8res R? R P Bres R? MR P
equations equations equations

4300 y=0.26x+0. 14 0.2529 0.019 y=50.16x+67.63  0.2107 =0.032 y=-0.70x+0. 44 0. 1596 0. 056
4500 y=0. 80x+0.22 0.5711 < 0.001 y=159.28x+76.69 0.6237 < 0.001 y=-1.66x+0.32 0.3239 0. 008
4700 y=0.31x+0. 16 0.6304 < 0.001 y=81.23x+68.23  0.6682 < 0.001 y=-0.88x+0.36 0. 4880 < 0.001

3 AN R B B AR K S48 RS 3 M AR T SR AR R 1 AR AL HEER 4500 m AT 4700 m
B IK 1 R 2 25 AR T AR AR U 5 RG24 T4k 4300 m (YR K 045 Kol e — e R L
B THIRUK IR BRIGTETTZ (K 5,38 5)  RIFRR 48 80 LUE b R 8 | R i AR S R R R I
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