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Introduc*on	
•  There	are	some	aspects	in	the	predic*on	of	olive	
phenology	that	are	s*ll	controversial.	

•  One	of	such	aspects	is	the	method	of	predic*on	
of	flowering	occurrence.	

•  Predic*on	of	flowering	of	olive	trees	should	
account	for	chilling	requirements	(Rallo	et	al.,	
1991).	

•  Predic*on	of	the	*me	of	flowering	involves	two	
phases:	1)	a	chilling	accumula*on	phase;	and	2)	a	
forcing	(heat	accumula*on)	phase.	



Introduc*on	(cont.)	
q Chilling	accumula*on	phase		

q  Chill	model	(De	Melo	e	Abreu	et	al.,	2004)	(Fig.	1):		
§ 		

Chilling	unit	in	response	to	an	hour	at	different	air	temperatures	(ºC)	
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Introduc*on	(cont.)	
q  Forcing	phase	
q  Accumula*on	of	temperature	above	a	base	

temperature	(Tb)	
q  We	calculated		Tb	=	9.1ºC,	averaged	over	ten	

cul*vars.	



Introduc*on	(cont.)	

•  In	the	original	publica*on,	the	model	has	
parameters	valid	at	species	level	and	others	that	
must	be	determined	for	each	cul*var.	

•  The	parameters	of	the	chill	unit	model	and	the	
base	temperature	(Tb)	for	heat	accumula*on	
were	considered	valid	for	the	species.	

•  The	amount	of	chilling	units	necessary	to	release	
dormancy	and	the	accumula*on	of	temperature	
in	the	forcing	phase	were	calculated	for	each	
cul*var.		



Introduc*on	(cont.)	
•  AYer	flowering,	phasic	development	is	
simulated	using	thermal	*me	

•  A	popular	method	consists	upon	considering	a	
saw-tooth	model:	

Saw-tooth model (Garcia-Huidobro et al., 1982) 
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Tasks	and	tools	
-	calibra*on	of	model	for	flower	date	predic*on	
•  The	old	Pascal	algorithm	was	replaced	by	a	VBA	
applica*on	in	Excel.	

•  The	new	applica*on	(FlowerCalib)	may	calculate	all	the	
parameters	in	the	sequen*al	model	or	only	a	subset.	

•  In	general,	only	the	parameters	for	the	cul*var	are	
adjusted.	

•  Data	and	parameters	may	be	found	for	daily	or	hourly	
temperatures.	

•  Mul*ple	loca*ons	and	related	weather	data	may	be	
input.	

•  Parameters	may	be	fiaed	across	cul*vars	



Tasks	and	tools	
-	Use	of	FlowerCalib	

Cultivar Site	(Nb) Event	HYear Event	HDOY
1 2 1998 224
1 2 1999 224
1 2 2000 234
1 2 2001 228
1 2 2002 226
1 2 2005 228
1 2 2006 226
1 2 2007 231
1 2 2010 232
1 2 2011 218
1 2 2012 234
1 5 2011 210
1 5 2012 227
1 7 1999 230
1 7 2000 227
1 7 2001 221
1 7 2002 222
1 8 1976 235
1 8 1977 212
1 8 1978 227
1 8 1982 219

Enter	cul*var,	
site,	dates	of	
flowering	

Site	(Nb) HYear HDOY Tmin Tmax
1 2011 1 9.64 25.75
1 2011 2 9.31 24.15
1 2011 3 14.47 19.59
1 2011 4 12.06 21.72
1 2011 5 8.88 24.01
1 2011 6 14.54 17.89
1 2011 7 13.01 25.38
1 2011 8 15.45 22.09
1 2011 9 12.23 21.29
1 2011 10 9.17 20.23
1 2011 11 9.98 23.71
1 2011 12 11.97 23.37
1 2011 13 11.57 24.13
1 2011 14 9.20 23.56
1 2011 15 10.23 20.39
1 2011 16 7.06 18.26
1 2011 17 5.09 19.11
1 2011 18 5.45 18.25
1 2011 19 2.90 19.03

Enter	maximum	and	
minimum	temperatures	or	

hourly	temperatures	



Tasks	and	tools	
-	Use	of	FlowerCalib	(cont.)	

Enter	parameters	
to	be	fiaed,	limits		
and	tolerances	

Op*ons:	Daily	or	
hourly	temperatures,	
and	daily	or	hourly	
thermal	*me	for	
forcing	phase	

Loca*on	
informa*on	

AYer	all	is	done:	
Press	buaon!	



RMSE:		 5.650051

Variety T0 Tm Tx Parm	a Tb CU TT
Picual 0 7.3 20.7 -0.56 9.1 469 495

Tasks	and	tools	
-	Use	of	FlowerCalib	(cont.)	

RMSE	in	days	

Chilling	hours	
(phase	1)	

Thermal	*me	
(phase	2)	



Tasks	and	tools	
-	simula*ons	with	the	model	aYer	calibra*on	
•  Once	calibra*on	is	done,	the	model	is	ready	
for	use.	

•  Applica*on	“FlowerCalc”	is	designed	to	
perform	simula*ons	of	flowering	occurrence	
for	up	to	100	years	of	weather	data.	

•  FlowerCalc	is	also	prepared	for	considering	
global	warming	scenarios	



Tasks	and	tools	
-	Use	of	FlowerCalc	

Fill the cells in green, according to the instructions on the sheet entitled "Title". More advanced users may wish to read the article De Melo-Abreu et al., 2004, found in the last page of this book.
The author thanks information on the performance of the model, especially when it fails!

Crop Picual Example Longitude of the standard meredian 0

Latitude 39.53333 Temp(D/H?): D
TTStepOpt(D/H?): D

Longitude -7.03333 º Clear Temp? N
Format of daily temperature data? 2

No. Years 16
DOY(beginning of the simulations) 274
Do you want to input all years with 365 days? N
Sc Temp. Max: 3 ºC
Sc Temp. Min: 3 ºC
Last day that flowering may occur: 212

Model parameters

Base temperature (Tb) 9.1 TCU (accumulated chilling units) 469 CU

Ti 0 TT (thermal time) 495 ºC d or ºC h

To 7.3

Tx 20.7

a -0.56

Step 1 of 2

Loca*on,	input	(daily	or	
hourly)	and	output	

op*on	(daily	or	hourly)	

Create	scenarios	

Input	parameters	

Finally	press	
buaon!	



Tasks	and	tools	
-	Use	of	FlowerCalc	(cont.)	

Ano DOY Tmin Tmax
2001 274 11.3 17.8
2001 275 11.3 20.6
2001 276 14.4 24.7
2001 277 10.9 28.6
2001 278 14 30.8
2001 279 13.8 28
2001 280 13 27.8
2001 281 14.5 26.5
2001 282 13.8 26.7
2001 283 12.3 27.1
2001 284 13 21.7
2001 285 11 22.2
2001 286 10.4 15.8
2001 287 8 15.9
2001 288 5.2 16.6
2001 289 7.6 15.4
2001 290 11 19.2
2001 291 8.9 21.6
2001 292 10.9 22.7
2001 293 10.7 24

Step 2 of 2
 ºC added to Tmax.: 3
 ºC added to Tmin: 3

 Year  Day of Flowering (DOY)  Day of Dormancy Break(DOY)
2001 99 366
2002 102 354
2003 114 7
2004 109 1
2005 115 363
2006 108 357
2007 113 8
2008 96 364
2009 106 346
2010 113 11
2011 104 356
2012 120 4
2013 115 8
2014 104 361
2015 110 9
2016 129 48

Enter	temperature	
(daily	or	hourly)	

Finally,	press	
buaon	

Results	
(worksheet)	



Case	study	
Flowering	in	Jaén	under	different	scenarios	

•  Cul*var:	Picual	
•  3	scenarios	of	global	warming	by	2100	(Castro	et	
al.,	2005):	

										A:	+	2	ºC	
	B:	+4	ºC	
	C:	+5	ºC	(upper	limit	for	winter-spring)	

•  Data	from	5	weather	sta<ons	in	Jaén	:	
–  Loca*ons:		1.		Chiclana	de	Segura;	2.	Linares;	3.	
Mancha	Real;	4.	San	José	de	los	Proprios;	5.	San	Tomé.	

	



Case	study	(cont.)	
Flowering	in	Jaén	under	different	scenarios	(cont.)	

In	some	years/loca*ons	
deficient	flowering	starts	to	
occurs	due	to	low	chilling.	

Average	and	SE	(5	loca*ons	x	16	years)	of	delays	of	end	of	chilling	phase	
	in	rela*on	to	scenarios	A,	B	&	C		

Scenarios	

In	18%	of	years/loca*ons	
deficient	flowering	starts	to	
occurs	due	to	low	chilling.	



Case	study	(cont.)	
Flowering	in	Jaén	under	different	scenarios	(cont.)	

Scenarios	

Higher	
variability!!	

Possible	explana*on	for	longer	
flowering	periods	under	low	

chilling?		

Average	and	SE	(5	loca*ons	x	16	years)	of	advances	of	flowering	date	
	in	rela*on	to	scenarios	A,	B	&	C		



Conclusion	of	these	simula*ons	
•  At	least	un*l	the	2100,	‘Picual’	in	Jaén	is	likely	to	
have	liale	problems	due	to	low	chilling.		

•  The	known	increases	of	the	period	of	flowering,	
under	low	chilling	condi*ons,	may	be	due	to	
small	differences	in	temperature	within	the	
canopies	and	their	amplified	effect	on	the	date	of	
flowering	of	the	floral	buds.	

•  This	result	may	be	useful	to	detect	varie*es	that	
have	high	chilling	requirements.	Hence,	these	
varie*es	would	show	abnormally	long	flowerings	
periods	aYer	warmer	winters.	



Tasks	and	tools	
-	Calibra*on	of	saw-tooth	model	

•  Applica*ons	BiodevDly	and	BiodevHly	use	a	
VBA	program	that	fits	the	parameters	of	the	
saw-tooth	model.	

•  These	applica*ons	may	use	data	of	various	
loca*ons	and	fix	some	of	the	parameters	and	
let	the	others	be	adjusted.	



Tasks	and	tools	
-	Use	of	BiodevDly	

•  Example:	Determina/on	of	the	cardinal	temperatures	for	
phase	full	flowering	to	endocarp	hardening	

1993 127 193
1994 125 181
1995 111 181
2001 114 182
2002 122 185
2003 126 181
2004 125 194
2005 127 183
2011 118 190
2012 135 206

For each case you need to have three columns with YEAR , DOY and daily mean temperature (ºC); three columns for each case side by side without any space in between. The order, from left to right must, be the same as in PhenData.xls.
1993 1 8.453547 1994 1 10.80468 1995 1 13.10427 2001
1993 2 7.254355 1994 2 9.655253 1995 2 7.755452 2001
1993 3 5.605305 1994 3 6.704762 1995 3 8.203356 2001
1993 4 4.405476 1994 4 7.553029 1995 4 6.804681 2001
1993 5 7.203819 1994 5 4.804781 1995 5 8.603848 2001
1993 6 7.004313 1994 6 9.301825 1995 6 10.55384 2001
1993 7 7.154617 1994 7 6.953052 1995 7 9.054461 2001
1993 8 8.155043 1994 8 5.35284 1995 8 6.953868 2001
1993 9 8.554795 1994 9 9.969975 1995 9 7.253425 2001
1993 10 8.403916 1994 10 8.851714 1995 10 7.953471 2001
1993 11 6.453818 1994 11 6.951695 1995 11 8.70339 2001
1993 12 11.30208 1994 12 12.40034 1995 12 8.853274 2001
1993 13 10.85263 1994 13 9.20232 1995 13 6.552835 2001
1993 14 10.45264 1994 14 10.00162 1995 14 6.902283 2001
1993 15 9.602602 1994 15 9.501333 1995 15 8.902204 2001
1993 16 9.502302 1994 16 6.25128 1995 16 8.202077 2001
1993 17 9.301919 1994 17 5.95096 1995 17 10.10105 2001
1993 18 9.101555 1994 18 5.850897 1995 18 12.57639 2001
1993 19 8.401361 1994 19 7.450664 1995 19 10.2009 2001
1993 20 8.401065 1994 20 5.700782 1995 20 9.647051 2001
1993 21 9.950771 1994 21 5.000627 1995 21 8.550601 2001
1993 22 7.550683 1994 22 6.90042 1995 22 9.400502 2001

In	“DlyTemp”	enter	maximum	
and	minimum	temperatures		

In	“PhenoData”	enter	day	of	
full	flowering	and	day	of	
endocarp	hardening	



Tasks	and	tools	
-	Use	of	BiodevDly	

•  Example:	Determina/on	of	the	cardinal	temperatures	for	
phase	full-flowering	to	endocarp	hardening	

This workbook is prepared to find the parameters for the saw tooth model (adaptable to other models) and the 
 thermal time needed to complete a given phenological phase

Output area below; Output area below; Output area below; Output area below; Output area below; Output area below; Output area below; Output area below; Output area below; Output area below; Output area below; Output area below
Thermal Time (ºC d) for 30 cases!Coefficient of Variation = function to be minimized:

1 693.0 Quantities & fitted parameters (below, but only after running the Solver)
2 584.5 Thermal time for the phase:
3 710.2 Standard Error of the Regression Estimate:
4 640.8 R2 =
5 627.7 Tb =
6 528.1
7 650.9 Tm =
8 559.7
9 794.5 Tx =

10 758.6

Estimates for parameters: Tb= 8 Tm= 21 Tx= 40
Minimum number of days of mean temperature after the day of Event2 = 20
----------------------------- Case 1 ----------------------------------------------------------------- Case 2 ----------------------------------------------------------------- Case 3 ------------------------------------

Different type of cell contents and the colour coding of their borders:
1) No-colour cells: Experimental data; 2) Red : Need to have values;  3) Blue : Contain 
data or  formula that shouldn't be changed;   4) Green: for other projects must be 
changed;  5) Yellow : for information only; 6) Black (with blue shade): objective function 
to be minimized.

Follow the instructions:
1) Input the estimates of the parameters (i. e., E18, H18 and K18) in this sheet (i. e., 
StartHere.xls). 
2) Input the phenological data to PhenData.xls and follow the instructions in that sheet. 
Always paste the values only! 3) Input the daily temperature data to DlyTemp.xls and 
follow the instructions in that sheet Always paste the values only!  Before pasting the 
temperature data see comments in cell A19. 4) Run Solver! In the options of this add-in of 
Excel, select "Use Automatic Scaling". Remember that the program changes the cells 
where you have the estimates of the parameters (i. e., E18, H18 and K18) by minimizing 
the coefficient of variation (i. e., Q4). Use as much temperature data as you can to avoid 
that the SE comes out to be wrong (see comments in cell A19).

In	“StartHere”	enter	only	the	
es*mates	of	cardinal	

temperatures!	
(Cells	with	red	border)	

Finally	use	
solver!	



Tasks	and	tools	
-	Use	of	BiodevDly	

•  Example:	Determina/on	of	the	cardinal	temperatures	for	phase	full-flowering	to	
endocarp	hardening	

Using	Solver!	



Tasks	and	tools	
-	Use	of	BiodevDly	

Output area below; Output area below; Output area below; Output area below; Output area below; Output area below; Output area below; Output area below; Output area below; Output area below; Output area below; Output area below
Thermal Time (ºC d) for 30 cases!Coefficient of Variation = function to be minimized: 0.024918736

824.6 Quantities & fitted parameters (below, but only after running the Solver)
726.9 Thermal time for the phase: 833.9994059 ºC d
966.0 Standard Error of the Regression Estimate: 5.250850271 d
870.7 R2 = 0.5 ME = 0.517982018
811.7 Tb = 8.21551517     ºC
780.8
888.6 Tm = 25.0524079     ºC
789.7
849.9 Tx = 44.0074932     ºC
830.9

RESULTS:	Fiaed	parameters	
RESULTS:	Thermal	*me	for	the	

phase	



Tasks	and	tools	
-	Use	of	BiodevDly	

•  Using	Biodev	we	have	had	success	in	
simula*ng	all	phases	un*l	endocarp	
hardening.	

•  However,	predic*on	of	date	of	maturity,	
presented	many	problems.	This	may	be	due	to	
the	fact	that	the	accumula*on	of	oil	is	
affected	by	many	other	factor	besides	
temperature.	



Access	to	tools	

•  All	these	tools	(and	many	more)	are	in	my	web	
page:	
– www.isa.utl.pt/~jpabreu	
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