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BOLETIM FAO 56 — Crop
Evapotranspiration — Guidelines for
computing crop water requeriments

A partir de sua publicacao em 1998, o
Boletim FAO 56 passou a fazer parte da
literatura recomendada nos programas
de graducdo de Engenharia Agrondémica/
Agronomia e de Engenharia Agricola,
assim como dos Programas de Pos-
Graduacao em diversas areas, mas
principalmente de Irrigacao e Drenagem
e Agrometeorologia, no Brasil.

Destaque — abordagem ampla, completa e didatica

do tema EVAPOTRANSPIRACAO.
Y o 4
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Essa obra, assim como tantas outras da FAO, foi um marco importante

para a melhoria do conhecimento do tema EVAPOTRANSPIRACAO e
para padronizar as estimativas da ETo, ETc e ETc adj

Crop
Evapotranspiration | reference

climate grass

(guidelines for computing

FAQO, Water Resources, Development and Management Service
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No Brasil, a utilizacao do Boletim FAO 56 se deu de forma mais
expressiva a partir do final da década de 90, principalmente em
duas universidades:

AGROMETEQROLOGIA u

Funcamentos & Aplcaedes Praficas

UFV

Prof. Gilberto C. Sediyarhé

ESALQ/USP ?

TROCAS GASOSASENERGETICAS
COM A ATMOSFERA

Prof. Antonio R. Pereira
Prof. Nilson A. Villa Nova
Prof. Marcos V. Folegatti

Infrodugte ao tralamento biofisico

-
& Ninar

Prof. Luiz R. Angelocci LAY " o
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Avaliacao da ETo FAO56 e de métodos alternativos de ETo
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Os primeiros estudos envolvendo o método de estimativa da ETo
de Penman-Monteith de acordo com a parametrizacao proposta
pelo Boletim FAO 56, focaram em:

a) Avaliar o desempenho desse método de estimativa da ETo com

base em medidas de lisimetros e considerando-se diferentes
fontes de dados (EMC x EMA) e

b) Avaliar o desempenho de métodos alternativos frente a
recomendacao do Boletim FAO 56 para condicdes de dados

faltantes.
Google Académico

Mundo: 366.000 artigos com o termo ET, 126.000 com ET evaluation e 27.000 com ET PM
Brasil : 23.400 artigos com o termo ET, 18.000 com avaliacao ET e 3.200 com ET PM

Y o 4
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Avaliacao de métodos de estimativa da ETo — Pré FAO 56

Aevizin Brastetra de

Santa Mara. v. 5, n. L. p. #5-97, 1087

Agrometenioiogia,
Recebida para publieagho em 147027597, Aprovado em 13705/87.

IS5N 0104-1347

AFALIAQAD DO DESEMPENHO DE DIFERENTES METODOS DE ESTIMATIVA DA
EVAPOTRANSPIRACAO POTENCIAL NO ESTADO DE SAD PAULD, BRASIL

PERFORMANCE EVALUATION OF DIFFERENT POTENTIAL
EVAPOTRANSPIRATION ESTIMATING METHODS IN THE STATE OF SAO PAULO,
BRAZIL

Angeln Paes de Camango’ & Faulo Ce=ar Sentethns’

REGUMO

Avallou-se 0 desernpenho de vinte meétodos
de estrmativa da evapotramapaghe potencial (ETp,
em trés loealidades do Estado de 520 Paula, atmves
e dados obtdos em lisimetros condueidos. enlre
1954 = 196, O dados medidos forem correlacio-
matdos com o8 estimados alravés de regressao U-
ptar. A ovallacho do desempenho dos métodos fol
baseadn nos coeflcientes de correlagan =", de con-
cordimectn “d° de Willmote e de um nowo indice pro-
pesta, de conflanca ou desempenho “cT. produln
des indices anteriores. As melhorss sstimativas de
ETp. para 04 cemiighes do elma sub. ropdeal amidn
do indevior do Estado de Sfio Faulo, foram obridas
peiis melodes.  de  Camarge. Tharnthwaite,
Thormtbwalte com indice de ealor “T" & Prlcsl:lq.- &
Tayler, todos com indice "e” eotee 0,78 ¢ LEL, indi-
aidiares de desempenhe muito bom, Os métodos de
Ferman-Maonteith, Penmann. Hargreaves modificado.
Makking e Blaney & Criddle modificado. tiveram
bom desempentw, com indice “¢” entre 0,70 € 0,73
s demals méldos mostraram  desempenhn bem
Inferior, com indies "c” entre 025 ¢ 062

Falavras-chave: mpwmplrmn potencial,
evapolransplrometra desempentia das
equactes. indice de cemcordineis "d", indice de
canfianca “c”,

The perfomuayee  of  twenty  potemsiial
emparanspimtion (ETp] esumaEting methods were
exahuated in (hre= plices af the State of S0 Pauln,
Braet), through the lisimeters data abladned foom
1854 io 1960. The mensured data were correlated
with the estimated [rom the methods by the lnear

regression.  The  performance evaluation ol the
methols were based on correlalion coslicienl 17,
Willmatr's wﬂll epeflcent "o and @ new ndex
of performance “¢”, produch of previous coslclenis.
The bhest ETp estimatives g the sob-trapical
climpie condictions of e interior ol the Stile of
Sa0 Paulo. Brasll, were obtalned by the Camsarpo,
Thomitbwdte, Thomthwaie using the heal odex
T and Priestley & Taylor methods. all with very
good performance with “c” between 0.78 and 0 8]
The methods  of Penman-Monteith,  Penman,
Hargreaves modified, Makking and Blaney &
Criddle modified had their perfamance !.Il}d_ with
“e" between 0.70 and 0.73. Others methods showed
median o vory el pernlmmnr? with "™ mex
between 0.25 and 0.62,

Key words: poteniisl evapobranspbration,
evmpoirAnsplrameter,  equilions  pedomance,
agreement Index *d”. confidence Indes *c”

INTRODUCAD

Viries o o8 métodos de estimativs do
evapotirarspiragio potencial (ETp) e a ltematura so
hre o assunto ¢ bastante vasta  enire  eles
THORNTHWAITE (1946, 1948, PENRIAN [104R]
DOORENBOS & PRUTTT (1977 CAMARGD &
CAMARCO (1983, ROSENBERG ef al  (1983]
VILLA NOVA & REICHARDT [1989) . FEREIRA e al
1996, entre outros

Denire o8 vinos métcdos de sspmaiva da
ETp muites tem gramde accitacio £nquanto il
354 hasinnie criticados & até despremd os (FEREIRA
et al, 1998]. Qs critdrics de rejeicho, minilas vezes,
nido sike clares ou acham-se associades & ma nter
pretacho do coneeilo de evapotranspiredio palencial

Erg’. #gr° . Dr., Secha de Climaloiogia Agricoda, LAS, Caixa Pestsl 38, Campings, 5P - 13001-870. Bokiet oo GNPy B
mad: remodpoec.isc br
"Eng’. Agr’, MeC., Prof. Asistonte do Daparfamentn de Fisca e Metsarsiogie, ESALQ/USE, Gata Postal B, Pirecicate, 5 -
T3406-200. E-mail. posentai@icaira clagni uep br,

MATERIAL E METODOS

Evapotranspirometros, tipo [badan
(MATHER, 1954) foram instalados em baterias de
trés tanques, nas estacoes experimentais do Insti-
tuto Agronémico do Estado de Sao Paulo: Campi-
nas, localizada no Planalto Sul (Lat.: 22°54’S; Long.:
47°04'W; Alt.: 670 m): Pindamonhangaba, locali-
zada no Vale do Paraiba (Lat.: 22°58'S: Long.:
45"25'W; Alt.: 570 m); e Ribeirdao Preto, situada na
regido nordeste (Lat.: 21°11'S; Long.: 47°48'W; Alt.:
620 m),

Tabela 1.
comprimento ou

Classificac8o, A4rea superficial (largura x
diametro (D)) e profundidade dos

evapotranspirdmetros e material utilizado na sua
fabricacéo.

Classifi- Area Dimensdo Profundi- Material
cacio (m’) {m) dade (m)

= 0,58 0.60

Cimento-amianto

0,73 x 0,73 0,60
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Tabela 3. Desempenho dos métodos de estimativa da ETp mensal,
segundo indice de desempenho ”"c*, em correlagaoc com dados de
evapotranspirdmetros conduzidos em condi¢des de clima sub-
tropical Umide, do Estado de Sdo Paulo. Os valores de “c”
apresentados sdo médias para as trés localidades utilizadas.

Métodos fndice *“c* Desempenho
l. Camargo 0,81 Muito Bom
2. Thornthwaite 0,75 Muito Bom
3. Thornthwaite indice T, de Camargo 0,79 Muito Bom
$ n"!g Hn';fn
I 5. Penman-Monteith 0,73 Bom I
6. Penman-Frére 0,73 Bom
7. Penman-VNova&Ometto Wi Td Bom
8. Hargreaves modificado 0.71 Bom
5. Penman 0,70 Bom
10. Makking 0,70 Bom
11. Blaney & Criddle modificado 0,70 Bom
12. Tanner & Pelton 0,62 Mediano
13. TUrk 0,62 Mediano
14. Blaney & Criddle 0,59 Sofrivel
15. Hargreaves 76 0,58 Sofrivel
16. Hargreaves 74 0,58 Sofrivel
17, Jensen & Haise 0,58 Sofrivel
18. Radiacgao Solar 0,46 Mau
19. Linacre 0,46 Mau

20. Ivanov 0,25 Péssimo
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Ao gt s e O Acronilponions, Sants Mara, w10, 3, po 151357, 3001
Fncetsido perm publicach em 2304,/ 2002. Aprovado o 308 2008

TSEMN OM-1347

Substantiation of the daily FAD-56 reference evapotranspiration
with data from automatic and conwentional weather stations

Comprovacio da evapotranspiragdo de referéncia didria FAO-56
com dados de estagbes meteoroldgicas automatica e convencional

Aniomiy Robesto Pereira'; Paulo Cesar Sentelhas'. Marcos Yinicius Folegatti™, Nilwan Augusio Villa
Nowald, Sadma Rogiea Magghono'? ¢ Panckoo Adriano de Carvalho Pensira®

Absiraet - Daily grass meferevice evapairanspiraion (ETo) computed following the FACH56 puidelines aad
parmmererizanon af the Fenman-Monteink g feefmodel | P-U) woere comparen with Dadmetne @vapalrsispinrion
[ET) memssereanemty fn an irdgated graes folfd ETo way compured uping reg independon wearther ot ser.
Uoe, from am antomriic veemther stafion [AWE), Tacatdd m rae Prsineter sife, with a complele sof of dafa ok
mequired by e P-M podel, Anovieer, from a repioial comrerarional wearher siarion (CWEL cboud 2 b aveay
e e [psiimeter; and lacking meacremenis of ned radiatiom and wind speed @i 2 m abovr the groaed, bolig
trth esrinnared empirically. Beanlts with dweo from bork weather stotions sufrarantianes tee FAG-50 aclone and
the peogrosel dia e By deag” PAM ol shomdid D prefeered ever wliew aome ol the reguined weatler daga ane
missiag and Rave o dw e prbged empincaily G e AV, e TS incoompiisie dara ser restledd in better
extimates of ETo tear the complete doma froe de AWS, The decoupiing focior £2wad, on arerage, close o008
mdicating shat grars ET war indeed stromgly dependent an tee et rcdiarion as suggeried olsauders

Ky words: pry reference evapotransmiration, Peamurs-dleareioh, e Jeal sodel, decowilin focer

Kexema - Evoparmasginegio de referdvcia didre { £} comparode seguimdo. re o8 prevcrpie ¢ goremeet iz tes
FALA6 da mdelo “big leaf” odf Perman-Momteth (P-MJ fol comparmda com medidas livimdiricar de
avaneraREpTagio | ET) di nat g rovads irrpade, ETo fol compurads wsande-se dels conjiniog independertis
e dacdos nretearnidgivas. U famecido por g estacdo mefecmidgicn aletrénicg autorition (AWSL becall-
rada prénmu e [infmetne, coutirha redes ar infermapces enigidas pele medels de -, Ouino, eriando de
e estepdo camvencioen {CWEL representativie do regide e disonde corca de 2 b de Mafmet, s som
weitiadinn e cilala de radivgdo ¢ velocifade do veore s 2 maefog dia sepeniicie, necedsiumulo de sues estiomai-
v €35 reruindes adwidos com or dades fornecidos pelar dus esiopder metearoldgicar compromanm o adeqin-
jifer el esgarerma FAGRS56 ¢ proposin de qree o modete de P-A deve ser gonds piesmio sm gitnapces de didies
neampleras, recessirands de swee srimarivas. Em omddia, oo resalindis ariundar do confunio meempleta de
dadog di CWS forare malfrares do gue agutles didos pela confure compleso da AWS € fmar de desseaplamenio
Q2 fod, em prdis, prazime de B8 sanfinmands que a BT do gromado foi, de fare, fortemente dependeare de
sufilo de radiagio, come sige ride na liferatur,

Palemvwas-chave R FR i referdncia, Penmsan-Mareehi, models “hig fml"_jrhur e desacoplanrerin

| Pepin. de Céncias Exmas - ESALOYUSE, CR 9 —TEF 1341B-900 - Praocaba, 5P, Brazl. s s bt
Oept, die Brgertharis Bural - ESALOUSS

uisiing Ressanch i, Doqn. Chbocias Exalas, EUALQILSE,

*Dopto. deEng. Agricola, Esmi de Aqionomia, UFES, Cne das Ales, B

Fredares of CHPG

Table 1. Averages and standard deviations of the mean
(Avg. + s5.d.) of the weather elements at the
automatic  weather station, during the
experiment (1996, Piracicaba, SP, BR).

Period'
IJan-24 May 2 Aug—9 Dec

Weather Elements

29.0£3.0
18.1 - 148438
482478 3964129
I8R50 5T 0487

1.13 4031 1.28+0.41

1754047 2094022
068+0.18  0.70£022

' 41 days for the 1 period; 86 days for the 2* period.
* from the CWS data set.

150 . —_— ——— _— —

mm

TR W

FAasn (mmid)
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Avaliacao de métodos de estimativa da ETo — Pos FAO 56

EMA EMC
8 - ‘ O - = ;i
—d ]
E & ! * 15t period ) : # 151 pariod
o ° [| o2ndpericd | 0,28 £ =
| E 4l Q
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: s
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1} s 1 ¥ = 1.002x
0 / . =054 o M « 08128
0 1 2 3 < 5 -] 7 8 ekt T I e L T
Lysimeter (mm/d) 0 1 2 3 4 5 8 7 8
Lyswretar {rmmvd) A
Figure 2. Daily FAO-56 reference evapotranspiration  Figure 3, Daly FAO-56 reference evapotranspiration

(ETo), with data from the automatic weather
station (AWS) vs. daily lysimeter ET, at
Piracicaba, SP, Brazil.

(ETo). with data from the conventional
weather station (CWS) vs daily lysimeter ET,
at Piracicaba, SP, Brazil
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TSEMN OM-1347

Substantiation of the daily FAO-56 reference evapotranspiration

with data from automatic and conwentional weather stations Conclusions
Comprovacio da evapotranspiragdo de referéncia didria FAO-56 o )
com dados de estagbes meteoroldgicas automatica e convencional The reference evapotranspiration given h}- the
Penman-Monteith big leaf model parameterized by

Aniomiy Robesto Pereira'; Paulo Cesar Sentelhas'. Marcos Yinicius Folegatti™, Nilwan Augusio Villa

O, ety igiaa Migalonii® o midboio AdTaro o Srsaihy Toneis? FAO-56 guidelines was very close to the lysimetric
measurements obtained on an irrigated grass field

Abstract - Mhally grass referery]

eterization af the Fonmur o il 3 similar to those
s v both weather stations. It can be concluded that FAO |in general, ETo

required byt P-M eodel, An

i winas] 90 parameterization scheme and guidelines can be  ¢r station (with

frth esrinnated empirically. Bea
the preoygroned de e By deag” P

g v b ] ﬂdﬂpled for practical appllcauﬂns |to the lysimeter

astimutes af £To tear the compl]

imdicating that grass ET war in T — e smmmeame ee e e =N1-SIIE @UlOMANC
Koy wards: grasy reference evapotrons ration, Pemmsars-Moreith, Wi leaf wudel, decoupling facar weﬁme.r Eta“ﬂn dﬂlﬂ 5ol Wllh mﬁaﬂurﬂd net Tﬂdiatiﬂn.
mdiﬂﬂmiz“irmﬁﬁ%“ﬂﬁfm:mﬂmﬁj“’r';”.’lfi'}%ﬁ“ﬁ On average, the overprediction was less than 7% for
il ! HETee e 5 el i I 1-3i i DT TR P e

%M%E?“iﬁ%ﬁ ﬁﬁ:ﬁ%ﬁﬁ:’ﬁ?ﬁﬁ;‘fﬁﬂ both weather stations. It can be concluded that FAO-
iy K ot e i i 56 parameterization scheme and guidelines can be
e il hai N b i ot adopted for practical applications.

neampleras, recessirands de swee srimarivas. Em omddia, oo resalindis ariundar do confunio meempleta de
dadog di CWS forare malfrares do gue agutles dodos pela confuro compleso da AWS. £ frar de desseaplarmenia
05, em piddie, prdzime de 08 confinmande que @ BT do enemado foi, de fate, fortemerte dependeare de
sufilo de radiagio, come sige ride na liferatur,

Palemvwas-chave R FR i referdncia, Penmsan-Marsehi, models “hig feef™ 1ﬁrJ.-l.r e desacoplanrerin

Prpin. de Ciincids Exmas - ESALOYUSE, TR 9~ 05 134 1B-900 - Praocaba, 5F, Brazl. s im0 bt
Oept, die Brgertharis Bural - ESALOUSS

uisiing Ressanch i, Doqn. Chbocias Exalas, EUALQILSE,

*Dopto. deEng. Agricola, Esmi de Aqionomia, UFES, Cne das Ales, B

Fredares of CHPG
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Avaliar o desempenho de métodos alternativos frente a
recomendacao do Boletim FAO 56 para condicdes de dados faltantes.

Agicdnrd Waer Msupore §7 (32010] G- f"
Proc. Fla. Siaie Horl Soc. 123:150-195 20010 . ‘ﬁl

oo I avlale n Soarcalras e

X Evaluation of Methodologies to Estimate Reference
Agricultural Water Management Evapotranspiration in Florida

joareal b < llocatel agwas

E.M. GeLcer!, C.W. Frasse™!, ann P.C. SENTELHAS?
imiversity of Florida, Agricafiwral and Biclogicel Engineering Department, 271 Frazier Bogers
Hail, BQ. Bax 10570, Gainesville, FL 3261 1-0570

I Biosysiems Engincering University of Sdo Paxlo — ESALD, Av. Padua Dizs,
1. CP 9. 13418-900 - Piracicaba, 5P Brazil

Evaluation of FAO Penman-Monteith and alternative methods for estimating
reference evapotranspiration with missing data in Southern Ontario, Canada
ADDITIONAL o worns. Hargraves, Praman-Moleih, Prisdey wd Taylor

The Penaman- egustion was by Ehe United Mations Food and Agriculiurs Organkustion (FALN
2 the standard meihod o calculate reference svapeimnspimien (EToj The leck of deis svallshilily, sspocially in
h-a-h-llnﬂﬂrm“lh-:dmltl brosder use of e mmmmm
‘Erm racords oiten inchodd Im thiss
mmﬂhmﬂ_uﬂmkmnﬂII-ndmﬂrﬂjmh

Pauky C. Sentelhas®®, Terry | Gillespie ™, Eduardo A Santos®

“hstors iy of S Posie, Pirarinia 54 dred
ety of Chaa i, Clapl, O, (B

ARTICLE INFOQ ABSTRACT

Prnm equedion io Iy ihe Priesticy and Taylor snd e Hargrave
daca v G e (Tajmx am am methods The ust of ihe FAD Penman-Monteilh squation wih estimaled solar radiation, rative homd-
Racnivad 37 April IR o aad iydroliopal ind e, mowell o Sor regema plemeag sl s Thew o e s Ity, mnd wind speed was sl evulusied. Dadly, 18-d, snd monibly values of
I L o ek ETa, bt n defent o chrvemu, e all of Ewem Pomman-Montoith and e olher mothods were compared. Th Priestiey snd Teyior method was fund (o b the

Eﬂ-l.bﬂhnlt_m hisinrical records inchuded only dally precipiiabion
This meibodology can be msed in climeiological studies for Irrigation planning and be betier understand the effecis of

£ T FAD e P b =
& sl v s I eem st ETo for mo o S s decsde. The mesiod e muny paesTes

Enpworck —.-1--l--n-—:-—-—.—-:——h—uhh-——m_-—--un
m:.m (i, sl wisnd apaned (U] sl B oo o b W sensonal climaiz variabllity on crop waler requirements in Florkda.
Privacog Tapler “-l.-swu:luupnuu-_-m-—;----ulnmm_mu—mw
Thormetveaine - wxmilin i daes
L — m—nm—.--‘-—mnmddhymh-—-un-'mu i i il-plant sysiem woer iemperabores, and precipitation. bn these circursstsnces empirical
e o e, e by of Say ity wan B0 eval e S per oo of S TAD PM mesod i m‘muﬂ! "E'["ﬁ dm_ mq"::'l methods can be wsed 1o estimets ETa,
e ETo wha B, S swd U dats e omasey, o1 S e Onessno, Cenads Ot sieeew s o and .”P'E,I,"‘Fm sons have been o i [Te. The
o W &0 orted o S apan - FranSey-Tayior, i s, s1d Thor e wase. Ducs Som 12 surlace s = plan i an . i rll’mmd MM -
locema [ 0 crem pn (T mEm e p——— BT £ meier for 4 Iﬂll_-ﬁhfﬂ.*-ﬂ standard methed 1o estimale ETo, Penman-Montsith, wus
w8 compine dats 1 s wE TEng dats The sl s ETo g ssom wen s feted s g, and irriga ol 2008; =l msediosvaluate aliemative methods (Allen st al, 153 0, b).
el smedfor Wamn ] sl i FAD M el Senielhas e al, J010; W, 19597} E‘Iuml-enmdh,mnl These skemative methods have the adventege of requining fow
wan el & vy good opEon G sematny DTo for Southen Ontsmo, Wi MR smalles ¢ Facinrs soch as the =mvi crop ch itics, and man- gical dain Hi , they wer calibraied
05 Immdy . B S can £ dats v sopiaced by S ool valu for S ey e S wan Esement practices, mmﬂﬁmmm Far bocal mmmmmﬁjmﬁmmmﬂmm
mrut e em et cata The Poastiey-Tagin: metnd waes s & good apteon o exsrusy (Cirismes, J002). Priestley and T radiation-besed method
ETia i 2 arael Sur s swaer s vy, encm iy i calh maded foeally (RMESE = 0140 ey | Wi ﬂ;mlzmﬁ:.hﬁﬂ?muwiw”ﬁ and i sirmglif of the "h”; TP
gl i g . gy i | sy, crop with an sasurmed crop height of 0.12 m, & oed sarface re. Iy andl Taylor, 1972). Under humid conditions, it has shown
Tar o e b o 0 o1 o e o e T S B D sistance of 70 sm ond on alhedo of 023, K closely meembles anﬂ!nm_hsmdlmqll_lﬂ!minlsdl!fammmu&]h@s
ampecevely 079 md L5 mm dey |, wers spfondy omalie Swn B obteasd by T PM mmnd’nn{gmm,uﬂ.wmmdgmurm (Trajkovic and Kolakovic, 2009}, Lu =t al. {2005} sudying six
(S = 1. 12 e chay ' | height, activel and completely shading the ground.  methods io estimate ETo in the southeasiem USA using radis-
B y growing E B ! "
& 200 Damvan 1. AN g b oervnd. The ETo concept was inimduced Lo evapotransperfion sindies  tion and based found gond
1o efiminate the influence of scil type, crop characteristics and ~ between the methods, mainly bﬂmpﬂ&kj and Taylor
= in ET Therefore, ETo is calculaied  2nd other empirical methods. In 2 stedy conducied in Georgia,
1. Insedtion Dasicalin b B men & of wiaey b ET o am using only westher parameters. Priestley and Teylor underestimated manthly average ETe during
e : Thz Food and Agriculiure Organization of the United Nations  the winter in most locations across the stale and overssimated
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(FALY) consider the FAD Penman-Manesith method (FAQC56) as
;md.udmﬂlndhm]:ulmz]i’lhﬂmmﬂhnduﬂ:pluny
hased and inc al and
(Botists et al, 2009; s:nt:umdn] mlﬂl}bwm:m
Penman-Moentzith metsorclogical pemmeters which
may nat be available . The lack of dain availability,
especially in loag-term historical reconds, & ghe basic obsiacle
For o broader mse of the FAQ Penman-Montzith equation. Long-
ierm reconds ofien include anly daily minimum and maximem

*Commpondng asthor: poe: (352352 1964, 021, 271 crmailt chrsmud ol

Proc. Fla. Staie Hord Soc. 123; 2010

during wurm season months (Salsiman and Hoogenboom, 2007).
Nevertheless the Priesdey and Taylor equation wes found 1o bea
pood methed o estimale ETo afizr proper calibration in southern
cmmc'mmnnu_mm

The Hargr by Harg | Samani
[1985), is lemperatn: based and can be used when caly lempers-
turz is available. This methed generally provides mome sccurale
ETo estimates for pericds of 54 Dclmae.'[Jm.-:ul] 1567).
Under homid conditions H genemlly o
ETo. Hewever, afier local ml.irm'l‘ugbow:{.‘?{ﬂ?!mpncbd
overestimation of ohoul 1% when comparsd o EToestimated by
FALY Penman-Monisith.
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Avaliar o desempenho de métodos alternativos frente a
recomendacao do Boletim FAO 56 para condicdes de dados faltantes.

Agiadnrd Waner Marugprans 97 (20 |0 G-l

Carter s I 8 vonlatle ot Soerosllres

Agricultural Water Management

jourea | bomapags - www alnaviarcomdlocata/agwat

Table 7

Average RMSE ranking for reference evapotranspiration estimated by the Penman-
Monteith (FAD PM) method with missing data, and by the Priestley-Taylor (PT
Original and PT Adjusted), Hargreaves (H Original and H Adjusted), and
Thornthwaite (TH Original and TH with effective temperature, Tef) methods in
Southern Ontario, Canada.

Evaluation of FAO Penman-Monteith and alternative methods for estimating
reference evapotranspiration with missing data in Southern Ontario, Canada

Pauky C. Sentelhas®®, Termy | Gillespie ®, Eduardo A Santos®

= B iy of 2 e, Pirerindi 57 fracd
Gty of Gl i, Glap, (N, Gnad

ARTICLE INFOQ ABSTRACT

Gemnn A s A e (ETa| i & ST RNt S o cal e st rclatiog-

K (Goa s et e o b e e e B et e v, e Rank # Method and Condition Average RMSE (mm day ')’
s e e e e 1 e et 1 FAO PM (-UJ) 0.182 a
Frprion B i with ot o bl v o e et e P P et e v 2 PT Adjusted 0402 b
In a similar way, the objective of this study was to evaluate the 3 FAO PM (—e,) 0512 b
performance of the FAO PM method to estimate ETo with missing 4 FAO PM (~U and —e,) 0.530 be
. : . 5 PT Original 0.624 ¢
data in Southern D_ntanu_, Can_ada, as well as to test alternative o H Adjusted 0704 c _
methods to determine this variable. 7 FAO PM (—SR) 0793 d
v e, e T vt o o s b e T, i S i 8 TH Tef 0.830 d
A7Immday | Wam oy T dais wes oy adabie, sdnind g md mod fiad Thos e wads
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* The averages followed by the same letter are not statistically different by the t-

test {p=0.05).
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D
Avaliar o desempenho de métodos alternativos frente a
recomendacao do Boletim FAO 56 para condicdes de dados faltantes.

Proc. Fla. Staie Hord Soc. 123:139-195. 2000,
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Evaluation of Methodologies to Estimate Reference N
Evapotranspiration in Florida

EM. GeLcer!, C.W. Frusse®, ann P.C. SENTELHAS?
Mintrersity aof Florida, Agricultoral and Bidlegical Engincering Departmend, 271 Fragier Rogers
Hall, RO, Bax 110570, Gaincsville, FL 3261 1-0570
1 Biosyriems Engincering Department, University of Sdo Paulo — ESALD, Av. Pddua Digs,
1. CP 9. 13418900 — Piracicaba, SF, Brazil

ANETIONAL ey worns. Hargreaves, Praman-honiesh, Prissiey sd Taylor
The Penman-Monizith squathon was considersd by the United Matlons Food and Agriculbers Organization (FALH
e the siandard method io coloulste reforence svapotmnspimion (ETo) The leck of deis svallsbility, sspocially in
lmg-ierm hisiorical records, ruthnﬂmm- broader use of e rthrm-anmnnmpm Long-
larm recoris oiten ncleded dally In ihos

mithods could be used bl mmmmmmmmmmmmmm (]
oihier reglons. The msin objectives of s study Wart b6 CoMpare rEerence eapotranspirstion estimated by e FAD

The main objective of this study was to select a methodology
to estimate ETo under Florida conditions when only temperature
and precipitation data were available. Specific objectives were to
compare ETo calculated by the FAO Penman-Monteith method
to ETo estimated by empirical methods (Priestley and Taylor and
Hargreaves) and to ETo calculated by the same FAO Penman-
Monteith method but using estimated solar radiation, relative
humidity, and wind speed.

MR MSMUE LB MEETE, WS WO a5 G = — . S
height, actively g.runmgwun:l completely dmﬁm!_ the gruund m"l'.\d-i I.D-=I'.lrm].c ITu in I.'he snulhcnsl.:m U.‘n\ using radis-
The ETo concept was intmduced Lo evapofranspimtion studies  lion and empeminre-bosed squations, found good comelation
1o eliminate the influence of soil type, crop charocteristics and ~ between the methods, mainly between Priestley ond Taylor
mansgement in ET messurements. Themfom, FTo iscalenlued — 2nd other empinical methods. In 2 stedy conducied in (eorgia,
using anly weather parameters. Priestley and Teylor undensstimated mearthly average ETo during

Thi Foaod and Agriceliure Organization of the United Mations  the winter in most Iocations across the stole ond oversstimated
(FALY) consider the FAD Penman Monesith method (FAQL536) os  during warm season months {Ssleiman and H boom, 2007).

Table 4. Root mean square error (RMSE) and coefficient of determi-
nation (R?) for different time periods (daily, 10-d, and monthly),
regions (South, Central and North-Panhandle), and methods [FAQ
Penman-Monteith with estimated weather variables (ePM), Priestley
and Taylor (PT), and Hargreaves (HA)].

Region Period Equation RMSE R?

South Daly ePM 1.057 0.360
PT 0.890 0.495
HA (1.983 0.376

Overall ETo estimated by the Priestley and Taylor equation
had the highest correlation and lower RMSE when compared to
ETo estimated by the FAQ Penman-Monteith equation. However,
in the case of 10-d and monthly time periods, results obtained
using the Hargreaves equation were similar to the ones obtained
using the Priestley and Taylor equation. Additionally, the fact that
the calibration of the Hargr-:m'ﬂs IIIE‘IFIDdﬂlﬂg".-' requires only one
empirical coefficient as opposed to Priestley and Taylor that re-
quires four empirical coefficients provides an additional incentive

to its use for estimating long-term 10-d and monthly ETo time
series when only temperature and rainfall records were available.

the standerd method tocalculme ETo. This method is physically
hesed and incorporaies physiological and serodynamic factors
(Bastists ot al, 2009; Seniclhes o al., 2000} However, FAC
Penman-Montzith requines metsarclogical pemmeters which
may noi be availshle everywhers. The lack of duin availability,
especially in long-term hisorical reconds, is e basic obstecle
far a broader mse of the FAD Penman-Montzith equation. Long-
ierm records ofien nclude only daily minimum and maximem

*Coropondkng asibor, phose: {1521 92- 1864, cal. 271 ora b s Bt ud.als

Proc. Flo. Staie Horl Soc. 123: 30040

cogen

MNevertheless the Priesiley and Taylor equation wes found iobe o
good mﬁndmcmmnl:lTunl’nzrpmpuclhbnhmmsnulhm
Ontarin, Canods (Sentelhe et al, 20100

'I'}\':Hnrg,rmﬂqnmmbdb} Hargreavesand Samani
{1985}, i tem perabere based and can be used when caly iempers-
turz is available. This method generally provides more sccurale
ETo estimates For pericds of 5 d or longer (Jenssn =t 2l., 15997).
Under homid conditions Hargreawes gensmlly owerestimaies
ETe. Hewever, afier local calibation Trajkovic (2007) reporisd
overestimaticon of ohoul 1% when compared o ETo estimated by
FAQ) Penman-Momsith.

189

HA 0193 LY66
Panhandle Daily ePM 0.704 0.7553
PT 0.631 0.791
HA 0.671 0.765
10-d ePM 0.272 0.955
PT 0.211 0.968
HA 0.216 0.967
Monthly ePM (1.238 0.967
PT 0.169 0.980
HA 0.171 0.979
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Caracterizacao da disponibilidade hidrica no Brasil
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Water deficit and water surplus maps for Brazil, based on FAO
Penman-Monteith potential evapotranspiration T0 5 £0 55 50 45 - a8
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N
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ABSTRACT

The climatological water balance (CWE) proposed by Thomthwaite and Mather (1957)
iz a useful ol for agricalnral planning. This method requires the soil water holding capacity
(SWHC), minfall (F) and potential evapotmanspiration (PET) data as input. Among the
methods uzed to estimate PET, the one proposed by Thomthwaite (1948) is the simplest and
the most used in Brazil howsver it presents Dmimtions of uwse, which is cansed by it
empirical relationships. When Thorothwaite PET method is nsed into the CWB. the emors
associated o PET are transferred to the output variables, mamiy water deficit (W) and water
surplus (W5). As all maps of WD and W5 for Brazil are based on Thomthwaite PET. the
objective of this study was to produce new maps of these variables considening Penman-
Monoteith PET. For this purpose. monthly nommal climate data basze (1961-1990) from
Brazilian Metearological Service (INMET). with 219 locations i all country, was ussd PET
data were estimated by Thomtbhwaite (TH) and FAQ Penman-Monteith (PM) methods. PET,
from both methods, and B data were used to estimate the CWB for a SWHC of 100 mm,
having as resulfs actual ET (AET), WD and W5. Fesults obtamed with PET from the two
methods were compared by regression amalysis. The results showed that TH method
nderestimated anmual PA PET by 13% in 84% of the places. Such underestimation alse led
o AET and WD underestimations of 7% (in 693 of places) and 40% (in 3% of places),
respectively. For W5, the use of TH PET dafa in the CWE resulted in oversstimations of
about B0% in 78 of places. The differences observed in the CWE wariables resulted in
changes in the maps of WD and W5 for Brazil. These pew maps, based on PM PET. provide
mare acourate informarion, mainty for agricultural and hydrological planning and imigation
and drainage projects purposes.

Keywords: climatological water balance; agriculrural planning: imization projects.

Mapas de deficiéncia hidrica e excedente hidrico para o Brasil, 500 250 0 500 Kilometirs
baseados na evapotranspiracio potencial de Penman-Monteith - FAQ 7 W E— %
RESUMO To 45 40 £5 50 45 40 35

O balango hidrico climatologice (BHC) proposto par Thomthwaite & Mather (1857) @
uma fermmenta muite uhl para o planejamento agncola. Esse metodo requer como varaveis
de enfrada a capacidads de agua disponivel do selo (CADY), a chuva (F) & a evapotranspiragio

Revista Ambiente & Agua — An Interdiscipiinary Joumnal of Applied Science: v. 3 n. 3, 2008,
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Comparacao Balanco Hidrico
ETo Thornthwaite x ETo Penman-Monteith
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Maior efeito na Deficiéncia hidrica do que no Excedente hidrico
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Comparacao Deficiéncia hidrica — BH T&M (1955)
Thornthwaite x Penman-Monteith
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Comparacao Excedente hidrico — BH T&M (1955)
Thornthwaite x Penman-Monteith
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S

Aplica¢coes na determinacao de laminas
de irrigacao para outorga
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P

Determinacao da Lamina de Irrigacao para fins de Projeto,
com base no Balanco Hidrico Diario

O caso da regiéo de Andradina, SP




INOVAGRI 2015 4° Mesa Redonda - Utilizacdo da FAO 56 no Brasil e na América do Sul

Por que irrigar a cana-de-acucar na no oeste Paulista?
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S

Extrato do BH sequencial - 1984 a 1993 BOEF  WEX DEF | EXC

225 Ano

B | H ld . (m m)
alan¢o niarico | | | 1 | 1984 | 8357 | 1788
. 2 1985 837,9 60,3
Sequencial 500 I I N AN A [ A N S— N 3 T ioss | 7961 | 723
i R I | R R I 4 1987 893,0 | 196,8
Andradma' SP ¢ l 5 1988 752,3 | 400,1
1 4 2 1 PrI0 SRR I I — | — DN VI E— 6 1989 397,0 367,2
984 a 2013 7 1990 386,2 | 208,8
CAD =67 mm 8 1991 637,0 | 330,7
e FAJAD I')I FAJAODDFA A0 DI F A AODFAJADOD I'.l‘ FAJAODDFAUJAODDTFA AODFAJAODFALLAOD 9 1992 437,4 179’8
' ' ' ' ' ' ' ' ' 10 1993 548,1 241,1
Extrato do BH sequencial - 1994 a 2003 ROEF e 11 1994 536,1 227.,4
2 12 1995 7705 | 227.4
S/ S — S 13 1996 483’4 226’9
14 | 1997 673,1 | 501,2
15 1998 387,7 | 2594
ETO esti ma d a . 16 1999 602,3 192,3
g 17 | 2000 738,3 46,4
por Penman- 18 | 2001 | 6981 | 754
M ith 19 | 2002 899,8 | 181,9
onteit 20 | 2003 | 8415 | 1838
FAO56 . 21 | 2004 507,4 | 151,2
FAJAODDFAJAODDFAJAODDFAJAODFAJAODFAJAODFAJIAODFAJAODFAJAODFAJAOD 22 2005 770’2 314,3
Extrato do BH sequencial - 2004 a 2013 BOEF WEXC 23 2006 587’9 470'4
24 | 2007 726,0 | 4854
25 | 2008 560,7 | 787,9
26 | 2009 350,7 | 551,2
27 | 2010 556,4 | 387,6
28 | 2011 789,7 110,4
£ 7 29 | 2012 808,1 89,6
30 | 2013 4885 | 368,9
25

25 /oL N L MR R R MAL A AN A L Minima 350,7 46,4
Média 643,2 | 269,2
FAJAODDFAJAD IJIP' AJAOCDFAJAODFAJAODDFAJAOCDFAUJIAZDO UI FAJAODFAJAODDFAJADD Mé-XIma 899,8 787,9
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Quanto irrigar a cana-de-acucar no oeste Paulista?

A

Clima Solo Cultura/Variedade

s W 5w
p piragio de éncia anual média '-“
'4‘
Voauporan pa & z “" J
B i L= “!
W W ww o ‘. »
. . - -
nual media iy b

Wilting Point

Saturation Field Capacity

«— initial —! crop development 4— mid-season _.flate saason§
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Determinacao da Lamina de Irrigacao Provavel para Projeto

Estimativa da Evapotranspiracao da Cultura — Kc ponderado

ETo Penman-Monteith (Allen et al., 1998)

Jan | Fev | Mar | Abr [ Mai | Jun | Jul | Ago | Set | Out | Nov | Dez | Jan | Fev | Mar
1,20 [ 1,11 [ 0,97 [ 0,37 [ 050 0,64 | 0,78 [ 0,92 [ 1,05 [ 1,13 [ 1,18 [ 1,20 | 1,20 [ 1,11 [ 0,97
1,20 [ 1,20[ 1,11 ] 0,97 [0,37] 050 | 0,64 [ 0,78 0,92 | 1,05 [ 1,13 | 1,18 [ 1,20 [ 1,20 1,11 [ 0,97
1,18 ] 1,20 1,20] 1,11 [ 0,97 0,37 [ 0,50 | 0,64 | 0,78 | 0,92 | 1,05 | 1,13 | 1,18 1,20] 1,20 | 1,11 | 0,97
1,13] 1,18 1,20] 1,20 1,11 [ 097 | 0,37 [ 0,50 | 0,64 | 0,78 | 0,92 1,05 1,13 ] 1,18 1,20 1,20 1,11
1,05 [ 1,13 1,18 1,20 1,20 1,11] 0,97 [ 0,37 | 0,50 | 0,64 [ 0,78] 0,92 1,05 [ 1,13 1,18 | 1,20] 1,20 0,97
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064]0,78[092]1,05]113]1,18] 1,20] 1,20] 1,11] 0,97[ 0,37] 0,50 0,64 | 0,78 0,92] 1,05| 1,13 1,18] 1,20] 1,20
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Determinacao da Lamina de Irrigacao Provavel para Projeto

Estimativa da Evapotranspiracao da Cultura — Kc ponderado

ET diaria da Cana de Aglicar - Andradina, SP (1984 a 2013)

12,0

10,0 |

ETc (mm/d)
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Determinacao da Lamina de Irrigacao Provavel para Projeto

Determinacio da Area de Contribuicio do Solo para
Captacao da Chuva

Dimensdes do Bulbo Formado (Got. Vazdo 1,0 Uh)

g S
[} |

.

67% A,

'-0.8 07 06 05 04 03 02 01 00 01 02 03 04 05 06 07 08
Ralo (m)

ENTERRADO

Regido seca

ido umida
(bu “:nglnl:a“d.o) {bmo molhado)

|4l =Bl 12l =24l |

Cedido por Daniel Pedroso - Netafin
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Determinacao da Lamina de Irrigacao Provavel para Projeto

Determinacio da Area de Contribuicio do Solo para
Captacao da Chuva

Chuva Efetiva diaria da Cana de Agucar - Andradina, SP (1984 a 2013)

100,0
90,0 -
80,0 -
70,0 -
60,0 -
50,0
40,0 -
30,0 -
20,0
10,0

0,0

ETc (mm/d)

Descontos para a interceptagao das
folhas e palha + escorrimento sup.
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Determinacao da Lamina de Irrigacao Provavel para Projeto

Determinacao da CAD para fins de Irrigacao por
Gotejamento

CAD (mm)
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Determinacao da Lamina de Irrigacao Provavel para Projeto

Determinacao da CAD para fins de Irrigacao por
Gotejamento

§

CAD Ponderada pela
Area de Contribuicdo
de cada Classe de CAD

CADpronderada = 67 mm
(para 1 m de profundidade)

CAD (mm)
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Determinacao da Lamina de Irrigacao Provavel para Projeto

Determinacao da CAD para fins de Irrigacao por
Gotejamento

Volume de Solo do

Bulbo Umido
(80 x91 x 60 cm)

Proporcao Veulbo / Viotal = 0,6045

CADs8ulbo = 67 * 0,6045 = 40,5 mm

—

100 cm

Volume de Solo para o
Espacamento Médio Adotado
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Determinacao da Lamina de Irrigacao Provavel para Projeto

Balanco Hidrico Didrio e Determinacao da Lamina Provavel

|._7_|| = I = @ BRF-Y =N BHSeq_GASA_1984-2013_Cana-Gotejo_SoloMédio_Pef-2.xls [Modo de Compatibilidade] - Microsoft Excel use nio comercial = EX_J
m Pagina Inicial Inserir Layout da Pagina Formulas Dados Revisdo Exibicdo Suplementos & e = @ &S
— ] I - . )
J # Arial 112 ~| A A ¥ = d 4 \;a
Er R = ﬂ Preencher~  *
Colar N 7 § H \ = it 1= 9 000 9 .00 Inserir Excluir Formatar L Localizar e
- s 4 - - - - &2 Limpar = Selecionar ~
Area de Tran... Fonte Mumero Estilo Células Edicdo
B18 - fx | Dia v
I J [ L ] 1 0 P 7] R 5 T u [ W >< ¥ =)
rFs
Balango Hidrico Sequencial por Thornthwaite & Mather (1955) @
Glauco de Souza Rolim
Paulo Cesar Sentelhas
DCE - ESALQ ! USP
;IS Andedna poroETr i - -
v R s A0 _IREZETE .
13 | [ nfo for utilizar esse parsmetra digitar " = " [ Igual )| 1 1 ] s Mo (CTR
#4 | [Arm do periodo anterior et e
15 Neg-Acum do periodo anterior | dimero de L~ 11315  Ajustar |
18
17 Tempo  Numde HNDA T P-ETP  NEG-AC ARM ALT ETR DEF EXC | ARMx100 Latitude = -20,74
18 Dia Dias °C mm horas Pi mm mm mm mm mm mm CAD [ hn N
18 Jar_1 1 1 oo 132 445 -4.5 -4.5 36,26 -4.24 4.2 0z oo 435 -2301 9325 13E3
20 Jan_2 1 2 0.0 13.2 4,78 -4.5 -3.3 3222 -d.0d 4.0 o.r 0o TI6 -2293 9922 1323
21 Jan_3 1 3 0.0 13.2 5,07 -B.1 -15.3 27,74 -d.48 4.5 16 0o B85 -22,54 9318 1522
2 Jar_d 1 4 oo 13.2 4,22 -4.2 -136 24.93 -2,74 27 15 oo B17 -22,75 9314 1322
3 Jan S 1 5 05 132 5,00 k] -25.1 2.5 -316 3T 23 oo 533 -Z2B3 3303 1321
24 Jan_6 1 =1 0.0 13,2 5,53 -5.8 -30.9 18,59 -2,93 23 23 0.0 46,6 -2254 93,04 13.21
25 Jan T 1 T 0.0 13.2 515 -5z -36.0 16,63 -2.26 23 23 0o 411 -Zzdz 9893 1320
26 Jan_ B 1 g 2.2 13.2 5,57 -4 -394 1.3 -3z 35 20 0o 376 -22,30 98,94 1319
i Jar_ S 1 3 oo 13.2 557 -56 -45.0 13,34 -1.497 20 36 oo 323 -221F 3588 1318
] Jan_10 1 10 208 132 .58 4.2 -15.6 2757 14,23 6.6 oo oo i1 -Zz2.04 3682 1318
28 Jarn Tl 1 il 0.0 13.2 5,33 -S4 -21.0 24.13 -3.44 ) 20 0o 596 -21.90 9876 1347
30 Jan_1z2 1 12 0.0 13.2 5.0z -5.0 -26.0 2132 -2.81 28 z2 0o 526 -21,75 9863 13.16
H Jan_13 1 13 oo 131 352 =35 -235 19.54 =178 18 17 oo 48,3 -2160 9382 1315
32 Jan_1d 1 14 oo 131 4,54 -4.5 -34.0 1747 =207 z1 25 oo 431 -2144 3555 1314
33 Jan_15 1 15 0.0 131 4,15 -4.1 -358.2 15,77 =170 1.7 2.4 0.0 3589 -2127 93543 13,13
34 Jar_16 1 16 0.0 131 4,16 -4.2 -42.4 .23 -154 15 Z6 0o 351 -2110 3540 1312
35 Jar_17 1 17 0.0 131 4,17 -4.2 -46.5 12,54 -133 14 28 0o 3.7 -20.92  98.32 131
36 Jan_18 1 18 oo 131 5.61 -56 =521 nis -166 1.7 38 oo 276 -2073 9824 130
3T Jan_13 1 13 oo 131 5,24 -6.2 -58.4 353 -1.60 1.6 4.6 oo 237 -20.54 386 1303
38 Jan_Z0 1 20 0.0 131 6,14 -B.1 -64.5 g.2d -135 13 4.5 0o 203 -20.34 9807 13.08
38 Jan_21 1 21 0.0 131 6,57 -B.6 -7 .00 -123 1z 5.3 0o 7.3 -2014 9755 1306 =
An Lo 272 1 el A4 121 Cd P =3 =727 R CR ~Ad 29 22 nn (=4 19 9 L= = 13 Nc
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Determinacao da Lamina de Irrigacao Provavel para Projeto

Lidmina de Irrigagdo (mm/d)

9,0
8,0
7.0

Lamina Diaria Requerida pela Cana de Acucar - Andradina, SP (1984 a 2013)

Frequéncia

100%

0%

Lamina de Irrigagao — Andradina, SP

80%
70%
60%

50%
40% -
30% -
20% -
10%

Probabilidade de Cobertura dos Eventos

50 60 70 80 90 10 0)
ETc Provavel (mm/d)__

290 | 33| 37 | 42 ( 49 ) 89
—_—

0-1 11-2 213 314 415 516 617 718 =8
Ladmina didria de Irrigagdo requerida (mm)

g
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A
Determinacao da Lamina Diaria de Irrigacao

P+l Lam.Max.| 4,91
Solo: Ponderado

Ano Data Prec ETc P-ETc P+l |
1984 | 01/jan 0,0 4,5 -4,5 45 4,5
1984 | 02/jan 0,0 4,8 -4,8 4.8 4,8
1984 | 03/jan 0,0 6,1 -6,1 4,9 4,9
1984 | 04/jan 0,0 4,2 -4,2 4,2 4,2
1984 | 05/jan 0,5 6,0 -5,5 4,9 4.4
1984 | 06/jan 0,0 5,8 -5,8 4,9 4,9
1984 | 07/jan 0,0 5,2 -5,2 4,9 4,9
1984 | 08/jan 2,2 5,6 3,4 5,6 3,4
1984 | 09/jan 0,0 5,6 -5,6 4,9 4,9 _ I B e — I
™ ZRJJan BHSeq GASA 1984.2013 Cama-Getejo_ScloMédic Pef-2xls [Mede de Compatibilidade] - Microsoft Evcel use ndo comercial 0 <
1984 | 10/jan 20,8 6,6 14,2 20,8 0,0 BT s vicar | e ayourca O dxass - Toptns W ekt W Chse ® rupemecr -9 -l
1984 | 11/jan 0,0 5,4 -5,4 4,9 4,9 0. 2 A : 2 o () e A
1984 | 12/jan 0,0 5,0 -5,0 4,9 4,9 el R e [ @ e s
1984 | 13/jan 0,0 3,5 -3,5 3,5 3,5 -0 #los _ _ - —_________E
1984 | 14/jan 0,0 4,5 -4,5 4,5 4,5 ’ ' ) . 3
1984 | 15/jan 0,0 4,1 -4,1 4,1 4,1
1984 | 16/jan 0,0 4,2 -4,2 4,2 4,2 .
1984 | 17/jan 0,0 4,2 -4,2 4,2 4,2 =
g | MDA inisi 1 ]
1984 | 18/jan 0,0 5,6 -5,6 4,9 4,9 R :
1984 19/jan 0,0 6,2 -6,2 4,9 4,9 N ETP PETP NEGAC  ARM ALT ETR  DEF  EXC | ABMwIDO Laitude = 20,74
1984 20/jan 0,0 6,1 -6,1 4,9 4,9 o — o = e T
.Ian? 1 2 oo 32_'22 =404 49 n.c.' 3g EB ?3‘25 132
1984 21/jan 0,0 6,6 -6,6 4,9 4,9 : :I‘;wa ; j g'; EH n 213 500 a7 334 uz
1984 22/ian 24 50 26 50 26 Al I S o5 s 25 3% 00| s B0 oo
J 2 d L b 2 Al B S R 22 w3 S iz 00| %3 nw
1984 | 23/jan | 0,0 5,7 -5,7 4,9 4,9 e & MoOo@ U ow ok == ot
1984 24/jan 00 6.2 62 49 49 , 1 2 oo i i g% g! a0 | Fer F‘B
. ' : : : : Bl 3 g oo 8 & Bl =2
1984 25/jan 0,0 5,0 -5,0 4,9 4,9 Al I T R o5 5z it % 00| = s B
1984 | 26/jan | 11,7 3,9 7,9 11,7 00 | *|®mx 1 % a8 [ TR a3 5%
d ? g d g ¥l owmoo1 a o5 Hen i Wi oo | s i
1984 | 27/jan 11,9 5,8 6,1 11,9 0,0 IS T — - S = % nos -
1984 | 28/jan 17,6 5,9 11,6 17,6 0,0 - .
1984 | 29/jan 0,0 6,0 -6,0 4,9 4,9
1984 | 30/jan 0,0 5,3 -5,3 4,9 4,9
1984 | 31/jan 0,0 6,4 -6,4 4,9 4,9

Y o 4
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o = s
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Balanco Hidrico Diario e Determinacao do DEF Residual

‘o Deficiéncia Hidrica Residual da Cana de Agucar - Andradina, SP (1984 a 2013)
= 4,0 -
o,
£
-g— 3,0 -
s
=]
o
‘n 2,0 -
o
el
(78]
o 1,0 -
0,0 - - - ———— - - —— - ——
SR PERE35553 535283832 9535558322338333532352883883582228328383¢85%

Eventos DEF >0 =2704 (~ 25%)
Eventos DEF > 0,1 = 821 (~ 7,5%)
DEF média anual = 14,4 mm

St s
- = ... . &
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Aplicacoes na simulacao da produtividade e do
“yield gap” de culturas agricolas
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Universidade de Sio Paulo
Escola Superior de Agricultura “Luiz de Queirez™

Aplicacio do modelo ORYZA-DSSAT para a estimativa da
produtividade do arroz de terras altas como subsidio ao
zoneamento de risco climatice ne Estado de Goias, Brasil

Lucas Fermandes de Souza
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Yield Types

Tipos e Niveis de Produtividade e seus Fatores

i
Solar radiation
air temperature

Determining factors | photoperiod
< i crop genetics

plant population
[CO,]

.
Determining factors

Limiting factors
| Awbleya vy < *
Water Deficit

Determining factors + Limiting factors
+

Crop Management (High Technology)

Best farmer's yield (Ybf)

}‘ Reducing factors

Reducing factors Determining factors + Limiting factors

Average farmer's yield (Yavg)l( +
Crop Management (Average Technology)

Yield Levels
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sz'lw BU:W .1.aﬂlw 4s:w 52'.\'\' 50"\'# 4&:\'4' u:w
Produtividade Potencial do Arroz de Terras Altas Produtividade atingivel do arroz de terras altas
Semeado em Setembro Semeado em Setembro para o solo tipo 2
12° 5 L1 s 12 54 H12's

14* 5 ~1d" 5 14* & Lid* g

18”5+

3000 kg ha

16° 54 Lo s
. 185
18" 54 18" 5
0" 5 i F20° 8
Legenda (kg ha"') 20°5{ Legenda (kg ha™') . s
- <4500 W - @
] <1500 B,
— g B B 01 - 200 ;
80 - i - [ 2001 - 2500 D 0 100 200 300 400
o 50 100 200 o0 400 - 2501 - 3000 - — ]
22 5 [ 6001 - 6500 = Lo g Sistema de Coardanadas Geograficas
Sistama de Coordenadas Geograficas . - =300 DATUM WS B4
I > ss00 DITUM WS B4 22" 8 T 7 ; . Fez s
T T T T 2 W 50 W aw BW
52 W S0° W 487 W 46° W

PP = 4500 a 6500 kg ha PA = 1500 a 3000 kg ha!

Souza (2013)
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Solar radiation
. . - air temperature
Undversity of Sao Paulo Determining factors | photoperiod
. ] ] q— N
Lz de Quetrozr™ College of Agriculure crop genetics
plant population
[co,]
g Limiting factors Determining factors
L -
= Water Deficit
=)
—
-
:‘ Reducing factors Determining factors + Limiting factors
=] Best farmer's yield (Ybf) tq— #:
8 Crop Management (High Technology)
Sugarcane yield gap in Brazil modelling approach 2
¥ Eap 1 Pacrop roar W Reducing factors Determining factors + Limiting factors
Average farmer's yield (Yavg)}(— +
Crop Management (Average Technology)
. -1
Sugarcane yield (Mg ha ')
Leonarde Amaral AMonteiro
St}‘: w 70°. w ﬁt)". w SO“l w 40°. w JOZ w
Weather stations distribution
€ g Lo
Thsazis presamted to obtain the Docor degres i Sciance.
Amea: Agmiculmnl Syvives Engmearing
107 100 54 F10° S
20° 200 5+ F20° S
g Amazon Biome w@s
+  Weather stations Dantanal Diomeé v
1300 0 250 500 1,000 1,500 2
e Al Geographical Coordinate Sysiem 8
DATUM WGS 84
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A computational routine was developed in R language code (R CORE TEAM, 2014) in order to
collect the daily weather inputs referent to each VWS provided by NASA/POWER system
(STACKHOUSE, 2010). The rainfall data from the gridded platform were replaced by those
from National Water Agency (ANA) database, available for each location. Wind speed (U10)
data were adjusted for 2-m height (U2) through the wind profile equation, which resulted in
a correction factor (f = 0.748), as suggested by Allen et al. (1998). The reference
evapotranspiration (ETo), was estimated according to Penman-Monteith method (ALLEN et
al., 1998). All dataset were adjusted to a 10-day time scale to be applied as inputs in the

water balance and sugarcane yield model.

180 - .
Calibration phase

150

I i

5]
=]

o
=
1

(=)
=
1

Sugarcane Yield (Mg ha™")

_

s
=
1

0 Observed
[0 Estimated

—
=
1

---1 000 ©

[rrigated

Y o 4

Rainfed

Sugarcane Yield (Mg ha ')

180

150

120

el
=]
|

=)
<
|

Validation phase

L
(=]
1

—
=
|

1 Observed
0 Estimated
Irrigated Rainfed

Monteiro (2015)
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50°W
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40°W 300w
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Annual total evapotranspiration
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Geographical Coordinate System
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Monteiro (2015)
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Incremento de Produtividade com Irrigacao Plena
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Outros Tipos de Aplicacao
Zoneamento Agroclimatico/Risco Climatico

Zoneamento da Cultura de Feijdo das Aguas Zoneamento da Cultura de Feijjdo da Seca

Epocas de sereadura por regies homagéreas

s 20 dez - 31 jan
[: 21 jul-20 - st
e — o [10] 10 jan - 10 fex

Cy
"?' .~.{", ‘ [11ago -10 sst| jul-ago '?‘ ‘1" ‘ s J
Ca 'l'.f*ii" P, S B 5 e, BEEAE
: } 1 1 st 20 0t ] 10 sst - 1000t L. ] i W 20 e - 26 jan
’H’v‘!‘qh{'@,’-, L 3 [Vsetrrbro (3010 sst- 2000t L L " [¥1 20 dez - 31 jan
“1' g" %." 7 ~ Eilgoste  lestormte A > [W1] 05 dez - 15 jan
i ’,",ﬂf 1. [Elfaiermm @::ltu;mﬁ el <P Y (¥ 10 jan - 15 fev
(D27 PO L. Ja BT o e
i 11age 10sat / :
B 11jul- 20 ag0

[308] 21 sst- 20000

Epocas de sermeaura por rgies homogiress

240
4] 20 dez - 25 jan
[T 20 dez - 20 jan

¢ [ 20 jan - 20 fev

\ Mas Regides |, Il e VI recomenda-se utilizar
s~ Cultivares resistentes a0 virus do mosaico dourado.
§1° H 490

reg
m

do |& recomendads o cuttivo apenas
com irmgagio efou plartio dreto
o 5

Zoneamento da Cultura de Feijdo de Outono / Inverno
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Manejo da irrigacao
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Precipitagdo diaria média (mm)

309 . .
Piracicaba, SP

4° Mesa Redonda - Utilizacao da FAO 56 no Brasil
>
Outros Tipos de Aplicacao
Definicao de dias trabalhaveis
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Outros Tipos de Aplicagao

Monitoramento Agroclimatico

Extrato do Balanc¢o Hidrico - Aragatuba, SP M DEF(*-1) WEXC
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Outros Tipos de Aplicacao

Previsao de safra
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Sentelhas (2012)
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