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2.1.1  
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2.1.2  

Tomlinson Ottawa, Ontario, Canada

CGIS(Canada Geographic

–

Laboratory for

Computer Graphics and Spatial

M & S Computing, ESRI( Environmental Systems Research Institute)

CARIS (Computer Aided Resource Information System GIS

GRASS GIS GRASS GIS

U.S. Army Corps of Engineering Research Laboratory
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2.1.3.2  

 

GIS vectors

vector
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Raster

vector

Raster overlay)

raster

vector

interpolation

raster
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Vector pan-zoom

Vector

Vector raster

Vector

H vectors

vectors
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2.1.5.1 Quantum GIS 

 

To Quantum GIS (QGIS) GIS (GNU). 

OSGeo (Open Source Geospatial Foundation). 

-

Linux, U

 
2  Q GIS 

 

1. vector raster

format

format.

PostGIS SpatiaLite,

vector formats OGR ,

ESRI shapefiles, MapInfo, SDTS GML.

raster formats GDAL

digital elevation models
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GRASS loca

OGC- WMS WFS

2.

GUI (graphical user interface

panel

bookmarks),

3.

GRASS shapefile

GPX GPSs,

GPS formats GPX

4. fTools plugin

Shapefiles
1

GRASS plugin

2.1.5.2 GIS - ESRI Suite 

 

H ESRI (Environmental Systems Research Institute

%

:

                                                           
1
 ) 
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ArcReader

ArcGIS  Desktop

ArcGIS Desktop Basic ArcView

ArcGIS Desktop Standard ArcEditor

shapefiles

ArcGIS Desktop Advanced ArcInfo

- Server

 

3     ) 

 

ArcGIS Esri

Arc / Info workstation

GUI ArcView GIS 3.x

Desktop Esri MapObjects ,

ArcSDE

Esri
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ArcGIS 8.x

Microsoft Windows

ArcView

workstation

ArcMap

interface

Microsoft Windows COM

-

Visual Basic for Applications

COM

-the-fly 

ArcIMS

ArcGIS 9.x

COM

Python Perl

VBScript . ArcGIS 

ERDAS IMAGINE
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ERDAS IMAGINE

looping. 

mashups

Virtual Earth

-

-

ArcGIS 10.x

201 0.2.
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2.2 Python 

Monty Python's

Flying Circus BBC.
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46
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47 - ModelBuilder
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point line polygon)
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March

crop Grass Maize Alfalfa Olives

k_c 0.62 0.65 0.90 0.70

Area 1696.51 89665.42 50993.26 2127.07

ETc 1.81 1.19 0.95 1.54

ETo 2.38 2.38 2.38 2.38

water 3.06 106.50 48.45 3.28

april

k_c 0.72 0.50 0.40 0.65

Area 1696.51 89665.42 50993.26 2127.07

ETc 2.32 1.61 1.29 2.09

ETo 3.22 3.22 3.22 3.22

water 3.93 144.28 65.64 4.45

may

k_c 0.79 0.80 0.95 0.70

Area 1696.51 89665.42 50993.26 2127.07

ETc 3.24 3.29 3.90 2.88

ETo 4.11 4.11 4.11 4.11

water 5.50 294.63 198.97 6.12

June

k_c 0.68 1.05 0.95 0.70

Area 1696.51 89665.42 50993.26 2127.07

ETc 3.43 5.30 4.80 3.54

ETo 5.05 5.05 5.05 5.05

water 5.83 475.50 244.67 7.52

july

k_c 0.71 1.05 0.95 0.70

Area 1696.51 89665.42 50993.26 2127.07

ETc 3.41 5.05 4.57 3.37

ETo 4.81 4.81 4.81 4.81

water 5.79 452.68 232.92 7.16

august

k_c 0.71 0.80 1.05 0.70

Area 1696.51 89665.42 50993.26 2127.07

ETc 3.54 3.99 5.23 3.49

ETo 4.98 4.98 4.98 4.98

water 6.00 357.32 266.72 7.42

September

k_c 0.62 0.65 0.90 0.70

Area 1696.51 89665.42 50993.26 2127.07

ETc 2.48 2.60 3.61 2.80

ETo 4.01 4.01 4.01 4.01

water 4.21 233.49 183.86 5.96
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Python

http://pythonology.org/success&story=esr

http://www.swaroopch.com/contact/

http://www.swaroopch.com/buybook

http://www.swaroopch.com/mediawiki/index.php?oldid=3019  

http://creativecommons.org/licenses/by-nc-sa/

http://www.opensource.org/licenses/bsd-licens

http://www.swaroopch.com/buybookPython

http://www.swaroopch.com/mediawiki/index.php?oldid=3236  

http://www.swaroopch.com/mediawiki/index.php?oldid=3233  

http://www.swaroopch.com/mediawiki/index.php?oldid=3019  

http://www.swaroopch.com/mediawiki/index.php?oldid=2993  

http://www.swaroopch.com/mediawiki/index.php?oldid=3239 

http://www.swaroopch.com/mediawiki/index.php?oldid=2659  

http://www.swaroopch.com/mediawiki/index.php?oldid=3214 

http://www.swaroopch.com/mediawiki/index.php?oldid=3074 

http://www.swaroopch.com/mediawiki/index.php?oldid=2681  

http://www.swaroopch.com/mediawiki/index.php?oldid=2682  

http://www.swaroopch.com/mediawiki/index.php?oldid=3006  

http://www.swaroopch.com/mediawiki/index.php?oldid=2699  

http://www.swaroopch.com/mediawiki/index.php?oldid=3129  

http://www.swaroopch.com/mediawiki/index.php?oldid=3252  

http://www.swaroopch.com/mediawiki/index.php?oldid=2923  Contributors: 

http://www.swaroopch.com/mediawiki/index.php?oldid=3182  

http://www.swaroopch.com/mediawiki/index.php?oldid=2848  

http://www.swaroopch.com/mediawiki/index.php?oldid=3253  Contributors: Fstefanidis,

: Ubuntu-gr.org

GIS :

Graham, Lea (1998). “USA versus Microsoft: the fourth week”. BBC News, 

Peter Clarke, “Xilinx launches Spartan-6, Virtex-6 FPGAs.”, EE Times, February 2, 2009

David A. Patterson, “Reduced  Instruction Set Computers”, Commun. ACM (Jan. 1985)

David  A. Patterson, Carlo H. Sequin(1998),  “RISC  I:  A Reduced  Instruction Set VLSI Computer”,  25  years  

of  the  international  symposia  on  Computer architecture 

Jeff Prosise(2004), “RISC  vs. CISC: The Real Story What  makes the PowerPC a RISC processor and the Pentium

a  CISC?“, 

http://el.wikipedia.org/wiki/Wiki

http://www.esri.com/



  

©2014  58 

http://www.gis.com/

Bohnam Carter Graeme, (1994) “Geographical information Systems for Geoscientists modeling with GIS.

Peter  A  Burroughs &  Rachael McDonnell, ( “Principles of  Geographical Information

Systems”. 1998

Farrokh Nadim et al, (2006) “Global landslide and avalanche hotspots”, Landslides, Issue 3. M.Pavel 

et al., (2007) “Geomorphology”.

C.Melchiorre at al., (2008) “Geomorphology 379-400”. Issue 94. S.Lee et al., (2004) “Engineering 

Geology 289-302”, Issue 71.

E.Yesilnacar & T.Topal, (2005) “Engineering Geology 251-266”, Issue 79.

Tang Guoan et al., (2005) “Review of Digital Elevation Model (DEM) based research on China

Loess Plateau”, Journal of mountain science, Volume 2, Number 3.

Aleoti,  P.,  Baldelli,  P.,  &  De  Marchi,  D.,  (1996b)  “Le  rati  neurali  nella  valutazione  

dell suscettibilita da frana”, Geologica Tecnica & Ambientale 4

Popescu,  M.,  (1996)  ‘From  Landslide causes  to  Landslide Remediation”, 7th  Int.Symp. on

Landslides Trondheim, Norway Special Lecture, Balkema, Rotterdam.

Varnes,  D.J.,  (1958)”  Landslide  types  and  processes”,  In:  E.B.  Ekel  (ed)  “Landslides and 

engineering practice”, Highway 

.( 2008). , ..,

.

Varnes,  D.J.,  (1978),  “Slope  movement  Types  and  Processes”,  In  Special  Report  176: Landslides: Analysis 

and Control (R.L. Schuster and R.. Kriezek), TRB, National Research Council, Wassington D.C.

Granger R.J., Gray D.M., 1989. Evaporation from natural nonsaturated surfaces. Journal of

Hydrology Vol. 111:21-29.

Granger R.J., Gray D.M., 1990. A net radiation model for calculating daily snowmelt in open environments. 

Nordic Hydrol. Vol. 21:217-234.

Granger R.J., 1991. Evaporation from natural nonsaturated surfaces. PhD thesis, University of Saskatchewan, 

pp.141.

Granger  R.J.,  2000.  Satellite-derived  estimates of  evapotranspiration  in the Gediz Basin.

Journal of Hydrology  Vol. 229: 70-76.

Gurney R.J. and Hall D.K., 1983. Satellite-derived surface energy balance estimates in the

Alaskan Sub-Arctic. Journal of Climate and Applied Meteorology  Vol. 22:115.

Gurney  R.J.  and  Camillo  P.J.,  1984.  Modelling  daily  evapotranspiration  using  remotely sensed data. Journal 

of Hydrology Vol. 69:305.

Jackson R.D., Reginato R.J. and Idso S.B., 1977. Wheat canopy temperature: a practical tool for evaluating water 

requirements. Water Resour. Res. Vol. 13 : 651.

Kustas  W.P.,  1995.  Recent  advances  associated  with  large  scale  field  experiments  in hydrology. Rev. of 

Geophys. Suppl., p.959-965.

Kustas W.P.  and  Norman  J.M.,  1996.  Use  of  remote  sensing  for  evapotranspiration monitoring over land 

surfaces. Hydrological Sciences Journal  Vol. 41, No. 4:495-516.

Lagouarde  J.P.  and  Brunet  Y.,  1989.  Spatial  integration  of  surface  latent heat  flux  and evaporation 

mapping. Adv. Space Res. Vol. 7:259-264.

MacFarland M.J., Miller R.I. and Neale C.M.U., 1990. Land surface temperature derived from

SSM/I passive microwave brightness temperatures. IEEE Trans. Geosci. Remote Sens. Vol.

28: 839-845.



  

©2014  59 

Menenti  M.,   1979.   Defining   relationships  between   surface   characteristics   and  actual evaporation   rate.   

Note   1148,   Institute   for   Land   and   Water   Management   Research, Wageningen, The Netherlands.

Moran M.S., Jackson R.D., Raymond L.H., Gay L.W. and Slater P.N., 1989. Mapping surface energy  balance  

components  by  combining  Landsat  Thematic  Mapper  and  ground-based meteorological data. Remote Sensing 

of Environment Vol. 30:77-87.

Morton F.I., 1983. Operational estimates of areal evapotranspiration and their significance to the science and 

practice of hydrology. Journal of Hydrology  Vol. 66:1-76.

Nieuwenhuis  G.J.A.,  Smidt  E.H.  and  Thunissen  H.A.M.,  1985.  Estimation  of  regional evapotranspiration  of  

arable  crops  from  thermal  infrared  images.  International  Journal  of Remote Sensing  Vol. 6:1319-1334.

NOA, 1997. Surface Fluxes in climate System (S.F.IN.C.S.). First Annual Report.

Penman H.L., 1948. Natural evaporation from open water, bare soil and grass. Proc. R. Soc.

London, Ser. A. 193, pp.120-145.

Price J.C., 1980. The potential of remotely sensed thermal infrared data to infer surface soil moisture and 

evaporation. Water Resour. Res. Vol. 16 :787.

Varnes,  D.J.,  (1984)  “Landslide  Hazard Zonation:  a  renew  of  principles  and  practice”,

Commission on Landslides of the IAEG, UNESCO, Natural Hazards No 3

Keller E., (1988) “Environmental Geology 5th edition Merril Publishing Company Ohio 

Cotecchia”  V. 1978, Systematic reconnaissance mapping and registration of slope movements Int.Ass. 

Eng.Geol.Bull

EM-DAT The International Disaster Database http://www.emdat.be/

Bartholic J.F., Namken L.N. and Wiegand C.L., 1972. Aerial thermal scanner to determine

temperatures of soils and crop canopies differing in water stress. Agronomy Journal Vol.

64:603-608.

Becker  F.,  Bolle  H.J.  and  Rowntree  P.R.,  1987.  The  International  Satellite  Land-Surface

Climatology Project, ISLCP Report No. 10: 99.

Bouchet  R.J.,  1963.  Evapotranspiration  reelle  et  potentielle,  signification  climatique.  Int. Assoc. Sci. Hydrol. 

Proc. Berkeley, CA Symp. Publ. 62: 134-142.

Camillo P.J., Gurney R.J. and Schmugge T.J., 1983. A soil and atmospheric boundary layer model for

evapotranspiration and soil moisture studies. Water Resour. Res. Vol. 19:371.

Carlson T.N. and Boland ., 1978. Analysis of urban-rural canopy using a surface heat flux /

temperature model. Journal of Applied Meteorology  Vol.17:998-1013.

Carlson T.N., Dodd J.K., Benjamin S.G. and Cooper J.N., 1981. Satellite estimation of the surface  energy  

balance,  moisture  availability  and  thermal  inertia.  Journal  of  Applied Meteorology Vol. 20:67.

Carlson T. N., 1986. Regional scale estimates of surface moisture availability and thermal inertia using remote 

thermal measurements. Remote Sensing of Environment   Vol. 1:197-

247.

Carlson  T.N.  and  Buffum  M.J.,  1989.  On  estimating  total  daily  evapotranspiration  from remote sensing 

surface temperature measurements. Remote Sensing of Environment Vol.

29, No. 2: 197-207.

Caselles V. and Delegido J., 1987. Simple model to estimate the daily value of the regional maximum  

evapotranspiration  from  satellite  temperature  and  albedo  images.  International Journal of Remote Sensing Vol. 

8, No. 8: 1151-1162.

Caselles  V.,  Sobrino  J.A.  and  Coll  C.,  1992.  On  the  use  of  satellite  thermal  data  for determining 

evapotranspiration in partially vegetated areas. International Journal of Remote Sensing Vol. 13, No. 14:2669-

2682.

Choudhury B.J., 1991. Multispectral satellite data in the context of land surface heat balance.

Rev. Geophys. Vol. 29:217-236.



  

©2014  60 

Doorenbos J. and Pruitt W.O., 1975. Guidelines for predicting crop water requirements, FAO Irrigation and 

Drainage Paper 24, Rome, 179 p.

Engman E.T., 1991. Applications of microwave remote sensing of soil moisture for water resources and 

agriculture. Remote Sensing of Environment  Vol.35: 213-226.

FAO, 1998. Crop evapotranspiration – Guidelines for computing crop water requirements. FAO Irrigation and 

Drainage Papers 56. Food and Agriculture Organization of the United Nations.

Flores A.L. and Carlson T.N., 1987. Estimation of surface moisture availability from remote temperature 

measurements, J. Geophys. Res. Vol. 92 :9581-9585.

Price  J.C.,  1982a.  On  the  use  of  satellite  data  to  infer  surface  fluxes  at  meteorological scales. Journal of 

Applied Meteorology Vol. 21:1111.

Price  J.C.,  1982b.  Estimation  of  regional  scale  evapotranspiration  through  analysis  of satellite thermal-

infrared data. I.E.E.E. Trans Geosci. remote Sensing Vol. 20:286.

Rambal S., Lacaze B., Mazurek K. and Debussche G., 1985. Comparison of hydrologically simulated   and   

remotely-sensed   actual   evapotranspiration   from   some   Mediterranean vegetation formations. International 

Journal of Remote Sensing  Vol. 6:1475-1481.

Reginato  R.J.,  Jackson  R.D.  and  Pinter,  P.J.,  1985.  Evapotranspiration  calculated  from remote   multispectral   

and   ground   station   meteorological   data.   Remote   Sensing   of Environment Vol. 18: 75.

Riou C., Itier B. and Seguin B., 1988. The influence of surface roughness on the simplified relationship  between  

daily  evaporation  and  surface  temperature.  International  Journal  of Remote Sensing  Vol. 9:1529-1533.

Rosema A., Bijlevel J.H., Reiniger P., Tassone G., Gurney R.J. and Blyth K., 1978. Tellus, a combined   surface   

temperature,   soil   moisture   and   evaporation   mapping   approach. Proceedings of the 12th  International 

Symposium on the Remote Sensing of Environment, Manilla, Philippines, p.2267.

Sandholt  I.  and  Andersen,  H.S.,  1993.  Derivation  of  actual  evapotranspiration  in  the Senegalese  Sahel,  

using  NOAA-AVHRR  data  during  the 1987  growing  season.  Remote Sensing of Environment Vol. 46, No. 

2:164-172.

Seguin B., Baelz S. Monget J.M. and Petit V., 1982. Utilisation se la thermographie IR pour l’estimation de l’ 

evaporation regionale. I - Mise au point methodologique sur le site de la Crau. Agronomie Vol. 2 :7-16. And II -

Resultats obtenus a partir de donnees de satellite. Agronomie Vol. 2 :113-118.

Seguin B. and Itier B., 1983. Using midday surface temperature to estimate daily evaporation from satellite 

thermal IR data. International Journal of Remote Sensing  Vol. 4:371.

Seguin B., 1984. Estimation de l’ evapotranspiration a partir de l’ infra-rouge thermique. In Proceedings of the 2nd 

International Colloquium on Spectral Signatures of Objects in Remote Sensing held in Bordeaux, France, on 12-16

September 1983, Lesa Colloques du INRA, No.

23 (Versailles: Institut National de la Recherche Agronomique), p.427-446.

Seguin B., Assas E., Freteaud P., Imbernon J., Kerr Y. and Lagouarde J. P., 1987. Suivi du bilan hydrique a l’aide 

de la teledetection par satellite. Application au Senegal, Report to the EEC-DG8, Brussels, p.200.

Sellers P.J., Meeson B.W., Hall F.G., Asrar G., Murphy R.E., Schiffer R.A., Bretherton F.P., Dickinson  R.E.,  

Ellingson  R.G.,  Field  C.B.,  Huemmrich K.F.,  Justice  C.O.,  Melack  J.M., Roulet  N.T.,  Schimel  D.S.  and  

Try  P.D.,  1995.  Remote  Sensing  of  the  land  surface  for studies of global change: Models - algorithms -

experiments. Remote Sensing of Environment Vol. 51:1-17.

Soer G.J.R., 1980. Estimation of regional evapotranspiration and soil moisture conditions using remotely sensed 

crop surface temperatures. Remote Sensing of Environment   Vol.

9:27.

Penman 

Allen.  RG,  L.S.  Pereira,  D.  Raes  and  S  .Martin  (1998)  “Crop  evapotranspiration  - Guidelines  for  

computing  crop  water requirements” - FAO Irrigation and drainage paper 56, Rome.



  

©2014  61 

autista. F. et al. (2009) “Calibration of the equations of Hargreaves and Thornthwaite to estimate the potential 

transpiration in semi- arid and subhumid tropical climates for regional applications” Atmósfera, Vol. 22(4), 

pp.331-348.

Blaney, H. F., and W. D. Criddle, (1950). “Determining water requirements in irrigated area from climatological 

irrigation data”. Soil Conservation Service Technical Paper no. 96., US Department of Agriculture, Washington 

DC, USA.

Chuanyan. Z, LI Shoubo and Cheng Guodong, (2005) “Modelling the Spatial Distribution of Daily 

Evapotranspiration Based on GIS in the Middle Heihe River Basin, China”, IEEE, 0-7803-9050-4/05, pp.1628-

1631.

Hargreaves, G. L., G. H. Hargreaves, and J. P. Riley, (1985). “Agricultural benefits for  Senegal River basin.” J. 

Irrig. Drain. Eng., 111(2), pp.113–124.

Jothiprakash.  V,  M.  G.  Devamane.  and  K.Sasireka,  (2007)     “Inter-comparison  of  Temperature  based  

Reference  Crop Evapotranspiration Methods”, IE(I) Journal – AG, 88, pp. 19 – 26.

Jothiprakash.   V,   M.   G.   Devamane.   and   K.Sasireka,   (2008)      “Inter-comparison   of   Radiation   based   

Reference   Crop Evapotranspiration Methods”, IE(I) Journal – AG, 89, pp. 22 – 27.

Kra E.Y., (2010) "An Empirical Simplification of the Temperature Penman-Monteith Model for the Tropics", 

Journal of Agricultural Science  2(1), pp.162- 171.

Mallikarjuna. P, and S. Aruna Jyothy, (2008) “Evapotranspiration Studies for Irrigation Projects — a Case Study”, 

IE(I) Journal – AG, 89, pp. 5 – 13.

Monteith, J. L. (1965) “Evaporation and environment in the state and movement of water in living organisms”. In: 

Proc. Society of

Experimental Biology, Symposium no. 19, Cambridge University Press, Cambridge, UK. pp.205–234.

Naom. S and I.K. Tsanis (2003) “Hydro informatics in Evapotranspiration Estimation”,  Environmental Modelling 

& Software, 18, pp 261 – 271.

Papageorgiou. A, P. Latinopoulos and Z. Mallios (2005) “A Visual Basic Toolbar for Evapotranspiration 

estimation in a GIS Application”, Proceedings of the 9th International Conference on Environmental Science & 

Technology, Rhodes Island, Greece, 1 –3 Sept. 2005. pp . A1175 – A1180.

Penman, H. L. (1948) “Natural evaporation from open water, bare soil and grass”. Proc. Roy. Soc. London, 193, 

120–146.

Priestley, C. H. B. & Taylor, R. J. (1972) “On the assessment of surface heat flux and evaporation using large scale 

parameters”. Mon. Weather Rev. 100, 81–92.

Rai. G.D., “Solar Energy Utilisation”, Khanna Publishers, (1980), pp. 44.

Raman, H and Sunilkumar. N. (1995). “Multivariate modeling of water resources time series using artificial neural 

networks”. Hydrol. Sci.J., 40(2), pp. 145 - 163.

Report of National Water Development Agency (NWDA), (1994), Technical Study No. 102.

Stephens,  J.  C.  &  Stewart,  E.  H.  (1963)  “A  comparison  of  procedures  for  computing  evaporation  and  

evapotranspiration”. In:Publication 62, International Association of Scientific Hydrology,. International Union of 

Geodesy and Geophysics, Berkeley, California, USA. pp. 123–133

Waikar. M. L. and S. A. Dhoot. (2005) “Evapotranspiration Studies for Vishnupuri Irrigation Project”. The ISH 

Journal of Hydraulic

Engineering, 11(2), pp. 132-145.

Xu. C. Y. and V. P. Singh, (2002) “Cross Comparison of Empirical Equations for Calculating Potential 

Evapotranspiration with Data from Switzerland”. Water Resources Management, 16, pp. 197–219.

Yunhe Yin , Shaohong Wu, Du Zheng and Qinye Yang (2008) “Radiation calibration of FAO56 Penman–

Monteith model to estimate reference crop evapotranspiration in China” Agricultural Water Management 95, pp. 

77 – 84.

 

 

  



  

©2014  62 

I.    

  source code) 

#code for calculating Evapotranspition with Penman-Montheith method 
c_p = 1.013
#constant
epsilon = 0.622
#constant
I_s = 4921
#Solar constant, kJ/m^2/h
a_s =0.355
b_s=0.68
#
Albedo = 0.25
#Albedo constant
a_e=0.56
b_e=0.08
#
a_l=0.2
#
sigma=0.0000049
#Stefan-Boltzmann constant, kJ/(m^2 K^4 d)
coef=0.33
#
c2=90
c3=273
#
deff (T, alt, m, RH, phi, cl, Wind_speed):
#Specific heat (kJ/kg) for a given temperature (oC)

templamda = 2501 - 2.361 * T
#Standard pressure (hPa) for a given elevation (m)

temppressure = 1013 * (1 - 0.00002256 ** alt)** 5.256
#Air density (kg/m^3) at a given air pressure (hPa) and temperature 
(oC)

tempdensity = 0.3486 * temppressure /(273 + T)
#Psychrometric constant (hPa/oC) for a given pressure (hPa) and 
Specific heat (kJ/kg)

tempgamma = (c_p *epsilon)* temppressure / templamda
#Saturation vapor pressure (hPa) for a given temperature (oC)

tempe_s = 6.11*math.exp(17.27* T /(237.3+ T ) )
#Slope of the saturation vapor pressure curve (hPa/oC) for a given 
temperature (oC)

tempdelta = 4098* tempe_s /(237.3+ T )*2
#Astronomical quantities
if m==1:
j = 17

elif m==2:
j = 46

elif m==3:
j = 75

elif m==4:
j = 105

elif m==5:
j =135

elif m==6:
j = 162

elif m==7:
j = 198

elif m==8:
j = 228
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elif m==9:
j = 258

elif m==10:
j = 289

elif m==11:
j = 319

elif m==12:
j = 345

#vapor pressure (hPa) 
tempe = tempe_s * RH

#Solar declination (rad) for a given day
tempdeclination = -0.4093* math.cos(2* math.pi * j / 365+0.16 )

#Eccentricity for a given day 
tempeccentricity = 1+0.034* math.cos(2*math.pi* j / 365-0.05 )

#Sunset angle (rad) for a given day and lattitude
tempphi_rad = phi *math.pi/180
tempphi =- math.tan(tempphi_rad)* math.tan(tempdeclination)

#For lattitude > 66.5 (or < - 66.5)
tempo_s=tempphi
if math.fabs(tempo_s) > 1.161:

o_s=0
else:

o_s = float(math.acos(tempo_s))
#Extraterrestial shortwave radiation (kJ/m^2/d) for a given day and 
lattitude

S0temp= (24/math.pi) * I_s * tempeccentricity
tempS_0=S0temp*(o_s * math.sin(tempphi_rad) *

math.sin(tempdeclination)+ math.cos(tempphi_rad) *
math.cos(tempdeclination) *math.sin(o_s))

tempf_s = a_s+b_s*(1-cl)
#Shortwave radiation (kJ/m^2/d) for given albedo, fraction of 
sunshine duration

tempS_n = (1-Albedo)*tempf_s*tempS_0
#Lo

tempe_n= a_e-b_e*math.sqrt(tempe)
tempf_l=a_l+(1 - a_l)*(1-cl)

#Longwave radiation (kJ/m^2/d) for given temperature (oC), fraction 
of sunshine duration

tempL_n=tempe_n*tempf_l*sigma*(T+273)**4
#Mass transfer term for various cases of evaporation calculations

tempgamma_rc=(1+coef*Wind_speed)*tempgamma
#Mass transfer term (kg/(hPa m^2 d)) of reference crop for given wind 
speed (m/s)

tempF_rc=(c2/(T+c3))*Wind_speed
#Penman-Montieth method
#A= /( + ')

tempA=tempdelta/(tempdelta+tempgamma_rc)
# = /( + ')

tempB=tempgamma/(tempdelta+tempgamma_rc)
tempD=tempe_s-tempe
tempRn=tempS_n-tempL_n
temp_Epm=tempA*tempRn/templamda+tempB*tempF_rc*tempD
A=temp_Epm
return
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__esri_field_calculator_splitter__
A( !Temper!, !altimeter!, !Id!, !RH!, !phi!, !Cloudness!,
!Wind_speed! )
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