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Simulation and prediction of spatial patterns of Robinia pseudoacacia flowering

dates in eastern China’s warm temperate zone
XU Lin, CHEN Xiaoqiu“, DU Xing
College of Urban and Environmental Sciences, Laboratory for Earth Surface Processes of the Ministry of Education, Peking University , Beijing 100871, China

Abstract: Modeling spatial relationships between Robinia pseudoacacia flowering date and air temperature is crucial for
revealing the ecological mechanism of spatial patterns of honey plant phenology and knowing well the right time of bee
keeping production. Using Robinia pseudoacacia phenology data of beginning of flowering ( BF) , full flowering (FF) and
end of flowering (EF) at 26 stations of eastern China’s warm temperate zone during 1986 to 2005, we established daily
mean temperature-based multi-year mean and yearly spatial phenology models to simulate multi-year mean and yearly spatial
patterns of Robinia pseudoacacia flowering dates, and validated these models by extensive spatial extrapolation. Then, we
substituted gridded daily mean temperature data with the spatial resolution of 8 km into the multi-year mean and yearly
spatial phenology models, and obtained spatial patterns of multi-year and yearly Robinia pseudoacacia flowering dates over
continuous geographic coverage during 1986 to 2005. Moreover, we attempted to project suitable routes of migratory

beekeeping within the study area. The results show that spatial patterns of multi-year mean and yearly temperatures within
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the optimum length period control spatial patterns of multi-year mean and yearly Robinia pseudoacacia flowering dates,
respectively in eastern China’s warm temperate zone during 1986 to 2005. Spatial series of multi-year mean Robinia
pseudoacacia flowering dates correlate negatively with spatial series of multi-year mean temperature within the optimum
length period (P < 0.001) at the 26 stations. The multi-year mean spatial phenology models explained 87% of variance in
BF date with a root mean square error (RMSE) of 2.5 days, 86% of variance in FF date with a RMSE of 2.7 days, and
77% of variance in EF date with a RMSE of 4. 1 days. Similarly, spatial series of Robinia pseudoacacia flowering dates
correlate negatively with spatial series of daily mean temperature within the optimum length period in each year (P < 0.05)
at the 26 stations. The explained variances of yearly spatial phenology models to BF, FF and EF dates are between 44 9% —
9% , 57% —92% and 39% —84% , respectively. The mean RMSEs of yearly simulation of BF, FF and EF dates are 3.9
days, 4.0 days and 5.4 days, respectively. The predicted multi-year mean Robinia pseudoacacia flowering dates over
continuous geographic coverage show a delayed spatial progression from south to north, and from plains to hills and
mountains. Therefore, migratory beekeeping can be implemented along with west, middle and east routes in eastern China’s
warm temperate zone with durations between 40 day and 50 days. In addition, the predicted linear trends in BF, FF and EF
dates over continuous geographic coverage from 1986 to 2005 indicate a dominant advancement and the areas with significant

advancement account for 78% , 26% and 32% of the total area, respectively.

Key Words: Robinia pseudoacacia; flowering date; temperature-phenology spatial model; spatial response; spatial

prediction ; migratory beekeeping
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x1 ZERRFEBHSRELERYEZ B M= EHEX-ER5H
Table 1 Spatial correlation and regression analysis between flowering date of Robinia pseudoacacia and daily mean temperature within the

optimum LP in each year

FEAELR B R4 FEAE B R FEAEAR S AL
BF simulation FF simulation EF simulation

i B : ¥Ir ¥ori
Year TR AR/ (d/°C) s i MR R/ (d/°C) i/ T EMRR AL/ (d/C) i

R? Slope RMSE R? Slope RMSE R? Slope RMSE
1986 0.93*** -4.5 2.6 0.91*** -4.5 2.5 0.83%*" -4.8 4.5
1987 0.94 *** -3.8 2.0 0.92*** -2.9 2.7 0.84*** -3.2 4.6
1988 0.87 *** -4.6 2.5 0.92%** -6.1 2.2 0.82%** -6.6 4.5
1989 0.76 *** -4.0 3.6 0.75*** -4.3 3.7 0.67*** -4.5 4.9
1990 0.77 *** -3.1 8 0.78 *** -4.0 3.6 0.78 *** -4.9 4.5
1991 0.75*** -3.1 3.2 0.70 *** -2.7 3.0 0.73*** -3.3 3.5
1992 0.73 *** -3.3 5.0 0.77 *** -3.5 4.9 0.76 *** -3.7 5.6
1993 0.87 *** -4.0 3.4 0.84*** -3.8 4.0 0.78 *** -5.3 4.9
1994 0.75*** -3.0 4.0 0.81*** -2.9 3.5 0.70 *** -3.0 5.1
1995 0.83*** -4.0 4.1 0.85*** -4.0 3.8 0.75*** -3.6 4.9
1996 0.76 *** -2.9 4.2 0.69 *** -4.0 5.0 0.52*** -2.4 7.0
1997 0.67*** -2.6 4.2 0.65**" -2.4 4.0 0.59 *** -2.2 5.7
1998 0.81%** -4.1 4.1 0.83*** -4.0 3.9 0.70 *** -5.1 6.0
1999 0.75*** -4.1 4.2 0.70 *** -4.2 4.7 0.73*** -5.2 4.7
2000 0.79 *** -3.9 5.5 0.75%** -3.7 5.9 0.74"** -3.3 5.4
2001 0.80*** -3.9 5.2 0.75*** -3.7 5.5 0.79 *** -4.0 5.4
2002 0.91*** -5.2 4.0 0.90 *** -5.4 4.1 0.84*** -5.3 5.2
2003 0.44*** -3.3 5.8 0.57*** -5.6 5.7 0.39*** -3.8 7.3
2004 0.84*** -4.0 3.6 0.82%*" -4.1 3.8 0.75*** -4.8 5.3
2005 0.85*** -3.3 3.9 0.82%** -3.5 4.2 0.63*** -5.3 8.0
BTN 3.9 4.0 5.4
#%k% P < 0.001
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FEAY IR 2.6—5.2 2.4—6.1 d F12.2—6.6 d.
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DB B T A 1 A A 1] 1 S5 B8 AR A R A 003 1 A Ta- 40 i 2 TR AR AR A4ty B 7 o e e A A
Sl A5 P R AR AR T AR LG 0 B AR I G B 515 4 MR S A0 AR TF A AR 3 U AN AR I A Sl 0 1t
FIXFL (2 2) o BHAEH TR A S50 T 8—17 A2 18], 20a [A] 95 K (3 850 29 S (1), 45 W
7N, RIBRIF AL LR 3] R3] AR W) AMERG 36 AU 1 RMSE 23914 7.3 8.1 d F19.7 d, 4351 He A BUAR 4L () S 25
RMSE K 3.4 4.1 df14.3d, B& LA, SRR 5T DX 3 P Al B 20 A7 AR T A6 B 0% T 24 2R
2.3 HIRRITAE B R LA A A 2 A% R

YT AR BRI SR - e 2 (RIS IR T AE H 301 4 A M TN A5 R A8, o 1986—2005 4 8 kmx
8 km PRI AV HI B A H HITEAS w 5 53 A 2247 35 R 28 A f A4 30 i) AR e s Tl A Y 3 1
135 1986—2005 4F-ZAFF- Y RIML T 48 H W Y 23 (81 4% J5y (&1 5) FIZ AF f AR T 46 B 25 (] 46 )Ry, 76 It L il
T A R T IR T AR H AP e R KO s Tl R (L 6)
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R2 BERE-WEZEERPIMNERE

Table 2 External validation of yearly air temperature-phenology spatial models

s THIEG MK TR K THAER I K
S Nflth L BF validation FF validation EF validation
Year wations RICRB BREDE /4 MIRRE BOIRBE /A MIREK W RIRE /d
r RMSE r RMSE r RMSE
1986 9 0.88 ** 6.3 0.94 " 6.7 0.95*** 9.5
1987 10 0.78 ** 7.1 0.66* 8.4 0.68* 8.7
1988 11 0.73" 7.7 0.74 " 15.8 0.78** 21.6
1989 11 0.87*** 3.3 0.80 " 4.5 0.82%* 6.0
1990 17 0.65" 11.0 0.78 " 8.0 0.80*** 9.0
1991 14 0.71* 5.7 0.83 " 9.6 0.27 7.9
1992 15 0.87*** 7.1 0.91*** 6.2 0.84 % 6.4
1993 14 0.89 " 5.8 0.82 """ 6.5 0.79*** 9.0
1994 11 0.92%** 7.3 0.85 " 8.6 0.86** 8.6
1995 11 0.87** 9.0 0.87 " 9.3 0.88 " 10.0
1996 11 0.59 10. 1 0.58 12.2 0.64" 9.9
1997 11 0.92%** 8.4 0.95 " 8.1 0.84* 6.6
1998 11 0.97*** 8.8 0.96*** 4.5 0.88 “** 9.2
1999 11 0.84 " 5.8 0.87 " 5.6 0.89*** 3.6
2000 11 0.94 %" 6.6 0.91*** 6.7 0.76 ** 10.2
2001 11 0.91"** 8.7 0.92%** 7.8 0.73" 11.9
2002 10 0.84 " 6.9 0.92*"* 5.0 0.74" 10.0
2003 8 0.87 ** 4.7 0.88"* 10.9 0.89 ** 4.9
2004 11 0.80 ** 8.5 0.76** 1.1 0.61" 21.6
2005 10 0.90 *** 6.8 0.93 " 6.1 0.89*** 8.8
ot} 7.3 8.1 9.7

# P<0.05; * *P <0.01; ** %P <0.001

22 AT R 46 H 39100 2 (4% Jry il LA FR 6 A 30 I Tl el SRS 46 4 30 B AR I 3 22 8
R )b DAY ] s 0 L b 8 0 1R A s TS Jmy o SRR B %) B i H U A A FE AR b 1 Dt i 3 R v 3 i 2%
DA K 5 v Z 5 e I s IR ZR 0 VG B Bl v s e Ll v R e HELL I M R R B, R 2 AT AR T AR
TR SRR AT 38 0 AR SO B2 28 [B] 4 AT R T 45 MR AR AE DR BEAH 22 AN K A T 8.3—12.2 d Z[H] PR EE Ny
9.3 d,#5ifEZEHR 0.6 d,

1986—2005 4 1] [ AR T 46 H AR R F i 23 [l Ja s (T 6) |, A0 DXl N A 1 BRI 46 H 190 3
FHERM G, BRI B rb il 1L 1l by | P G AR FILL AR 2 5 0 40 b DX DA SN | 4 i IX B SRR T AR 4 |
I E TR B AR 5 A DR AR Y 78% , H I G A5 K iy b DA, T LU 7 v S A G e S A 7
FA SR Z2 IS L PG BE IR B 6—9 d/10a; AR BRI A 1 25 4 i 1) X S8 AR S /N T AR R 1 40l o 421X
SVHTFRIY 26% 1 32% |, i E AT R R R IX 5L IR E S,

BEAS SO I TTAE H WY 23 [ AR ZE S 5 Chen A1 Xu SR FHAH [R) 5 16 X6 AR R 300 ) 25 [R) AR H DL 45 SR gk A 7
P, AT LAE Y T H B0 %) e AR 0 1) SR - 40 2 AU ASE Y FEABEHDUR A48 33 A R 1 101 (A A Jre 381 ) 2
B A A 1) CRIREAE D] ) 225 [6] 7 910 1 T 347 LA 08¢ v S 4BLRN S MHE Tt IDHRS B, 3 3R B I AP OAS (R AR 09 A W) 400
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Fig.5 Spatial patterns of Robinia pseudoacacia flowering dates predicted by multi-year mean air temperature-phenology spatial models
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Fig.6 Spatial patterns of significant linear trend ( P<0.05) of Robinia pseudoacacia flowering dates from 1986 to 2005
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