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WEATHER NETWORKS: FOR WHAT AND TO WHOM? 

NORTHWESTERN SÃO PAULO STATE 

WEATHER NETWORK 
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Balanço Hídrico Normal Mensal  - Ilha Solteira - Histórico
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Deficiência, Excedente, Retirada e Reposição Hídrica ao 

longo do ano  - Ilha Solteira - Histórico (19667 - 2002)
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Hernandez et al. (1995), 

Hernandez et al. (2003), 

Santos et al. (2010),  

Damião et al. (2010)  

Water balance in Ilha Solteira region (1967 - 2002) 
Water balance in Ilha Solteira region (2000 - 2010) 
 

http://www.agr.feis.unesp.br/papers.php 

http://www.agr.feis.unesp.br/papers.php


Source: http://www.relevobr.cnpm.embrapa.br/conteudo/aplicacoes/bp3_SAR_vf.pdf 

September 2017  

Maximum Temperature average = 35.7ºC 

Source: http://clima.feis.unesp.br 

http://www.relevobr.cnpm.embrapa.br/conteudo/aplicacoes/bp3_SAR_vf.pdf
http://www.relevobr.cnpm.embrapa.br/conteudo/aplicacoes/bp3_SAR_vf.pdf
http://www.relevobr.cnpm.embrapa.br/conteudo/aplicacoes/bp3_SAR_vf.pdf
http://www.relevobr.cnpm.embrapa.br/conteudo/aplicacoes/bp3_SAR_vf.pdf
http://clima.feis.unesp.br/


 PAST: The effects  of human impacts on water resources was only viewed on a local 

scale. 

 TODAY: Water resources must be analysed at the hydrological basin scale, where 

the planning and occupation is an increasing necessity in society with rising water use, 

compromising the environment by the coupled effects of climate and land use changes. 

 Water demand already exceeds supply in many parts of the world and as population 

continues to rise, many areas are expected to experience water scarcity. 

 Simultaneously with this scarcity is the continuous pollution of the rivers in the 

development countries. 

 Rising conflicts are expected as populations expand, economies  grow, and the 

competition for limited water supplies intensifies. Basin-level dialogues among different 

users, are required for the water allocation criterion. These dialogues which depend on 

the knowledge base and the general trust in the available hydrological data, as land 

use, water consumption and yield of each agro-ecosystem in a region. 

 Several ways of water use can be found together with the increase of population and 

the need of food production in the Northwest of São Paulo State and Brazil. 

 WATER PRODUCTIVITY MODELING IN WATERSHED WITH CHANGING 

LAND USE PROJECT 

FAPESP / FACEPE (Water Productivity Project 2009/52.467-4), Remote Sensing 

Service Laboratory at USU and UNESP finnancial support 

http://bv.fapesp.br/pt/auxilios/24655/modelagem-da-produtividade-da-agua-em-bacias-hidrograficas-com-mudancas-de-uso-da-terra/
http://bv.fapesp.br/pt/pesquisador/4461/fernando-braz-tangerino-hernandez?q=Fernando Braz Tangerino Hernandez
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WHAT DO WE NEED? 

Tools to support the research irrigated agriculture 

 and efficient water use 

• Weather data 

• Estimate and release the ETo  

• Evaluate irrigation system 

• Monitoring ETactual X irrigation water use 

Water use efficiency 

Water productivity 



MANAGEMENT OF HUMAN 

RESOURCES AND EQUIPMENTS 

HARDWARE 

HUMAN 

RESOURCES 

SOFTWARE 

EXTENSION 

http://ahi_fernandopolis1.pptx
http://ppt/slides/slide49.xml


1. Anemometer and wind vane 

(wind speed and direction) 

 

2. Net Radiometer 

(NR-LITE-L) 

 

3. Piranometer  

Solar radiation (LI200X-L18) 

 

4. Rain gauge  

(ENC16/18-DC-SB-MM) 

 

5. Quantum  

PAR (LI190SB-L19) 

  

6. Air temperature & humidity 

sensors  

(CS215-L14) 

 

7. Direccional antenna  

(Communication by radio) 

 

8. Lighting rod 

 

9. Solar panel 
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http://clima.feis.unesp.br 

Channel CLIMA of UNESP 

NORTHWESTERN SÃO PAULO STATE 

WEATHER NETWORK 

http://clima.feis.unesp.br/
http://clima.feis.unesp.br/
http://clima.feis.unesp.br/


NORTHWESTERN SÃO 

PAULO STATE 

WEATHER NETWORK 



NORTHWESTERN SÃO PAULO STATE WEATHER NETWORK 

60 CITIES 
Coverage area: 16.130 Km2 



http://clima.feis.unesp.br 

http://clima.feis.unesp.br/faqs.php 

http://clima.feis.unesp.br/
http://clima.feis.unesp.br/
http://clima.feis.unesp.br/
http://clima.feis.unesp.br/faqs.php


 

FOR WHOM? 

 
❑ IRRIGATORS 

❑ Researchers and students 

❑ Entrepreneurs 

❑ Citizens of the Northwestern  

❑ Sugar and alcohol plants 

❑ Farmers in general 

❑ Civil defense 

❑ Engineers 

❑ Events 

http://clima.feis.unesp.br 

NORTHWESTERN SÃO PAULO STATE WEATHER NETWORK 

http://clima.feis.unesp.br/
http://clima.feis.unesp.br/
http://clima.feis.unesp.br/


http://clima.feis.unesp.br 

CHANNEL CLIMA OF UNESP 

❑Visible part of the Northwestern São Paulo State Weather 

Network 

❑Update of collected data every five minutes 

❑Availability of data free of charge for internet users 

❑Temperature, relative humidity, precipitation, radiation, 

insolation, pressure, speed and direction of the wind 

❑Evapotranspiration 

Hernandez et al (2011). Tools for support and technology transference for 

irrigated agriculture. 

http://clima.feis.unesp.br/
http://clima.feis.unesp.br/
http://clima.feis.unesp.br/
http://www.agr.feis.unesp.br/pdf/aspire_poster_tools_final_eng.pdf


http://clima.feis.unesp.br/
http://clima.feis.unesp.br/




http://clima.feis.unesp.br 

September 

ETo average = 5.5 mm/dia 

Minumum Relative Humiditye average = 19.8%    

http://clima.feis.unesp.br/


http://clima.feis.unesp.br 

http://clima.feis.unesp.br/


 ET traditional method: 
ETc = ETa = ETo x Kc 

 
–  Difficult to estimate the impact of water deficits 

 

 Sattelite image and remote sensing: 
– The energy balance is applied to each pixel to 
compose the map of spatial variation; 
– Sites where there is water restriction and reduction of 
ET are identified; 
– Can be applied to any kind of vegetation 

EVAPOTRANSPIRATION ON A LARGE SCALE 

FIRST PAPER COMBINED WEATHER AND REMOTE SENSING FOR 

EVAPOTRANSPIRATION EVALUATION 
Hernandez et al. (2011) - Preliminary evaluation of the SEBAL model for estimating the spatial 

distribution of evapotranspiration in irrigated areas in Northwestern São Paulo 

http://www.dsr.inpe.br/sbsr2011/files/p1389.pdf
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LOCAL CALIBRATION 

BIGGEST   CHALLENGE 



Northwestern São Paulo 

State 

 

Coordinates:  

20º 41 '40 "S 

50º 59' 02" W 

 

There are 20 center pivots 

 

2.111 hectares irrigated 





Hernandez et al. (2011) - Preliminary evaluation of the SEBAL model for estimating the spatial 

distribution of evapotranspiration in irrigated areas in Northwestern São Paulo 

http://www.dsr.inpe.br/sbsr2011/files/p1389.pdf


TEIXEIRA (2010) 
 

TEIXEIRA, A.H. de C.  Determining regional actual evapotranspiration 

of irrigated crops and natural vegetation in the São Francisco river 

basin (Brazil) using remote sensing and Penman-Monteith equation. 

Remote Sensing, v.2. p.1287-1319. 2010. 

• Don´t need the identification of extreme conditions 

• Makes use of the modelled ratio of the actual (ETa) to the 

reference (ETo) evapotranspiration 

• The use of the fraction ETa/ETo is highlighted by the model 

METRIC, where it is applied to extrapolate instantaneous 

values of ETa to larger time scales (Allen et al., 2007).  

EVAPOTRANSPIRATION ON A LARGE SCALE 



EVAPOTRANSPIRATION ON A LARGE SCALE 



DAILY ACTUAL EVAPOTRANSPIRATION (ETa) in the study 

area of the Northwestern side of São Paulo State by SEBAL 

(a) and TEIXEIRA (b) models 
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Hernandez; Teixeira; Neale; Taghvaeian (2012). Determining actual evapotranspiration on the large scale 

using agrometeorological and remote sensing data in the Northwest of the São Paulo State, Brazil. 

http://www.agr.feis.unesp.br/isihc_julho_2012.php


PIVOT AREA CROP DAP FAO SEBAL TEXEIRA FAO SEBAL TEIXEIRA SEBAL TEIXEIRA 

 ha   ETa/ETo ETa (mm.d
-1

) SD (mm.d
-1

) 

1 109 Corn 78 1.4 1.2 1.2 4.9 4.7 4.5 0.13 0,10 

2 75 Corn 86 1.4 1.1 1.2 4.8 4.3 4.5 0.26 0.13 

3 109 Bean 5 0.4 1.3 0.5 1.4 4.8 2.0 0.35 0.18 

4 109 Corn 83 1.4 1.3 1.2 4.9 4.8 4.4 0.18 0.10 

5 69 Bean 13 0.5 1.3 0.6 1.8 4.9 2.3 0.21 0.12 

6 120 Corn 76 1.4 1.1 1.2 4.9 4.3 4.6 0.12 0.08 

7 75 Corn 88 1.3 1.2 1.2 4.5 4.4 4.4 0.25 0.16 

8 75 Corn 89 1.2 1.1 1.2 4.3 4.3 4.5 0.21 0.11 

9 120 
resting 

stage 
- 0.3 1.1 0.5 1.1 4.1 2.0 0.69 0.28 

10 75 Corn 116 0.5 1.2 1.1 1.8 4.6 4.1 0.20 0.13 

11 95 Corn 121 0.5 1.1 1.1 1.8 4.3 4.2 0.13 0.10 

12 95 Corn 95 1.0 1.2 1.2 3.4 4.5 4.4 0.18 0.16 

13 162 Corn 102 0.7 1.2 1.2 2.4 4.4 4.5 0.16 0.10 

14 100 Corn 91 1.1 1.2 1.2 4.0 4.4 4.6 0.14 0.11 

15 100 Corn 106 0.5 1.2 1.2 1.8 4.4 4.4 0.21 0.13 

16 117 Corn 117 0.5 1.2 1.1 1.8 4.5 4.3 0.12 0.11 

17 145 sugar 

cane 

- - 0.9 0.8 - 3.4 3.1 0.32 0.35 

18 120 sugar 

cane 

- - 1.0 1.0 - 3.8 3.8 0.12 0.14 

19 120 sugar 

cane 

- - 1.0 1.0 - 4.0 3.7 0.26 0.36 

20 120 sugar 

cane 

- - 0.9 0.9 - 3.4 3.3 0.21 0.24 

Mean 106 - - 0.9 1.1 1.0 3.1 4.3 3.9 0.22 0.16 

 

Tabela 1. Parâmetros utilizados na estimativa da ETa e obtidos pelo modelo SEBAL. 

* DAP: Dias após o plantio; UT.: Utilizado; Kc: Coef. de cultura; DP: Desvio-padrão; MD: Média 

Hernandez; Teixeira; Neale; Taghvaeian (2012). Determining actual evapotranspiration on the large scale using 

agrometeorological and remote sensing data in the Northwest of the São Paulo State, Brazil. 

http://www.agr.feis.unesp.br/isihc_julho_2012.php
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DAILY ACTUAL EVAPOTRANSPIRATION (ETa) SEBAL (a)  

and TEIXEIRA (b) models 

CENTER PIVOT  11 

The farmer used Kc = 0.5 

121 DAP 

RS Model indicated Kc = 1.1 

CENTER PIVOT  3 

The farmer used Kc = 0.4 

Bean 5 DAP 

RS Sebal indicated Kc = 1.3 

RS Teiexeira indicated Kc = 0.5 

Hernandez et al (2012). Determining actual evapotranspiration 

on the large scale using agrometeorological and remote 

sensing data in the Northwest of the São Paulo State, Brazil. 

http://www.agr.feis.unesp.br/isihc_julho_2012.php


Histograms of daily actual evapotranspiration (ETa) of the Northwestern 

Sao Paulo, Brazil: Center pivot 3 (a) and 11 (b). 

Center  pivot 3 Center pivot 11 

Sebal Teixeira Sebal Teixeira 

ETa (mm/dia) 4,8 2,0 4,3 4,1 

Standard Deviation 0,35 0,18 0,13 0,10 

Hernandez et al (2012). Determining 

actual evapotranspiration on the large 

scale using agrometeorological and 

remote sensing data in the Northwest 

of the São Paulo State, Brazil. 

http://www.agr.feis.unesp.br/isihc_julho_2012.php


IRRIGATION MANAGEMENT (DAILY WATER BALANCE) 

 

  ETo (Penman-Monteith) provided by UNESP Ilha Solteira 

  FAO 56 (Allen et al., 1998) with the crop coefficients (Kc) proposed 

  Regional and crops varieties with suitable Kc are proposed 

  Full control of water applied. 
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Parameter Equation a b R2 

0 0 = aαp + b 0.70 0.06 0.96 

T0 T0 = aTsat + b 1.11 -31.89 0.95 

ET/ET0 ET/ET0 = exp {a + b[T0/(α0NDVI)]} 1.00 -0.008 0.91 

Surface albedo - 0; Planetary albedo - αp 

Surface temperature - T0; Brightness temperature - Tsat 

Normalized Difference Vegetation Index - NDVI 

Atual evapotranspiration - ETa 

Reference evapotranspiration - ET0 

TEIXEIRA (2010) x SAFER 

Teixeira; Hernandez; Lopes (2012).  Application of Landsat images for quantifying the 

energy balance under conditions of land use changes in the semi-arid region of Brazil. 

... The model for ET estimations, now called SAFER (Simple Algorithm For 

Evapotranspiration Retrieving), has the advantage of simplicity of application…  

http://www.agr.feis.unesp.br/pdf/heriberto_safer_landsat.pdf


CROP EVAPOTRANSPIRATION = ETc 
 

ETc = ETo X Kc 

IRRIGATION PERFORMANCE ASSESSMENTS FOR CORN CROP WITH LANDSAT 

IMAGES IN THE SÃO PAULO STATE, BRAZIL. (TEIXEIRA; HERNANDEZ, ANDRADE, 

LEIVAS, VICTORIA; BOLFE, 2014) 
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SILVA JÚNIOR et al (2017).  Determinação de zonas homogêneas de evapotranspiração de 

referência  

http://www.agr.feis.unesp.br/pdf/sbsr_2017/galoa-proceedings--sbsr-60102-determinacao-de-.pdf


ALLEN, R.G.; PEREIRA, L.S.; RAES, D.; SMITH, 

M. Crop evapotranspiration - Guidelines for 
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 Download: http://clima.feis.unesp.br/smai  

Versão 1.0 em 2011 - 

http://www.agr.feis.unesp.br/pdf/Conird_2011

/MARIANO.pdf 

Versão 2.0 em 2014 – HORÁRIA 

http://www.agr.feis.unesp.br/pdf/conird_2014

/101_dgf.pdf 

Software SMAI - Irrigated 

Agriculture Management 

System 
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SAFER 

Simple Algorithm 
For 

Evapotranspiration 
Retrieving 

 
 

ETa

ETo
=exp a+b

TS

∝o NDVI
 

“a” = 1,0  and “b” = -0,008 

Hernandez at al (2012)  
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LITTER - DRY LEAVES 



NEXT PAPERS TO BE PUBLISHED IN 2017 

 SOWING OF THE BEAN IN THE FUNCTION OF THE WATER AVAILABILITY IN 

THE SOIL IN THE MUNICIPALITY OF ITAPURA - SP - BRAZIL 

 WATER SUPPLY IN THE SUGAR CANE CROP IN FUNCTION OF THE 

HARVEST TIME 

 ENVIRONMENT MONITORING FOR AGRICULTURE GOOD PRACTICES 

 CORRECTION OF EVAPOTRANSPIRATION DATA IN THE NORTHWESTERN 

SÃO PAULO STATE 

 SURFACE TEMPERATURE IN IRRIGATED CITRUS ORCHARDS  

 WATER DEMAND BASED ON DIFFERENT GROWTH COEFFICIENTS FOR 

VINE CV. SYRAH IN PETROLINA - PE IN YEAR 2015 

 EVOLUTION AND IDENTIFICATION OF THE IRRIGATED AREA IN THE 

NORTHWESTERN SÃO PAULO STATE IN 2016 COMPARED TO THE YEAR 

2010 

 WATER BALANCE AND RELATIVE WATER CONSUMPTION OF SUGAR CANE 

IN THE NORTHWESTERN REGION OF SÃO PAULO  

 WATER NEED OF IRRIGATED CORN IN THE NORTHWESTERN SÃO PAULO 

STATE 
Our papers will be available in 

http://www.agr.feis.unesp.br/irrigacao.php   

or/and 

http://www.agr.feis.unesp.br/papers.php 
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DEMANDS 

A developing society requires: 

 

●Rupture, Change and Innovation 

      

in  

 

●Language, Concepts and Modes    

RESILIENCE 



For that... 

 Information is and 
will be the great and 

unique "product" 
from now on! 

Our papers are available in 

http://www.agr.feis.unesp.br/irrigacao.php   

and 

http://www.agr.feis.unesp.br/papers.php 
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NATURAL 
RESOURCES 

IRRIGATION 

FOODS 

WEATHER 

KNOWLEDGE 

TECHNOLOGY 

http://ppt/slides/slide49.xml


TRANSPARENCY OF APPROPRIATE TECHNOLOGIES FOR THE 

EFFICIENT WATER USE 

COMMUNICATION AND PERSUASION 

✓EVENTS 

✓USE OF 
INTERNET 

“Who plants technology, 
harvest productivity.” 





2016 
193,742 page view 

44,627 sessions 

16,197 users 

4.5 page view per session 

Average time per session: 9:10 minutes 



18, july 

2,715 page 

view 

780 sessions 

March, 23 

2,160 page view 

105 sessions 

259 days 

653 page view 

per day 
2017 

115 sessions /day 

http://clima.feis.unesp.br 

http://clima.feis.unesp.br/


➢Channel: 

www.agr.feis.unesp.br/irrigacao.php  
 

➢CLIMA: clima.feis.unesp.br  
 

➢BLOG: irrigacao.blogspot.com 
 

➢YouTube: www.youtube.com/fernando092  
 

➢ IRRIGA-L: www.agr.feis.unesp.br/irriga-

l.php 
 

➢  Pod Irrigar: podcast.unesp.br/podirrigar 
 

➢ https://www.facebook.com/ahiunespilhasolteira 

Our Social Networks 
✓ Started on September 18, 2012 - reaches a younger audience 
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2016 
628,345 page views 

ou 

1,721 page views per day 

IRRIGAÇÃO UNESP 

http://www.agr.feis.unesp.br/irrigacao.php 
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I.N.N.O.V.A.T.E. 

● It is necessary to innovate 

● We can’t only copy 

● We need to create a new company and 

reinvent ourselves with each new day 

CAPACITY - ABILITY -  APTITUDE 



THANK YOU FOR ATTENTION! 



UNESP  Ilha Solteira 
 

 

 

Hydraulics and Irrigation Area 

P.O. Box 34 - ILHA SOLTEIRA – SP - BRAZIL 

Phone: (+55 18) 3743-1959 

www.agr.feis.unesp.br/irrigacao.php 

http://irrigacao.blogspot.com 

fbthtang@agr.feis.unesp.br 

 


