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2.1  (GIS) 

2.1.1  

-

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  

Vector .

 

1  

 

2.1.3.1  
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2.1.3.2  

 

GIS vectors

vector

 

 

2.1.3.3 –  

 

x Raster

vector

x Raster overlay)

x raster

vector

interpolation

x raster
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x Vector pan-zoom

x Vector

x Vector raster

x Vector

x H vectors

x vectors
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2.1.5 GIS 

.

Suite)ArcGIS
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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.

x PostGIS SpatiaLite,

x vector formats OGR ,

ESRI shapefiles, MapInfo, SDTS GML.

x raster formats GDAL

digital elevation models
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x GRASS loca

x OGC- WMS WFS

2.

GUI (graphical user interface

x

x

x panel

x bookmarks),

x

x

x

x

x

3.

x GRASS shapefile

x
x GPX GPSs,

GPS formats GPX

4. fTools plugin

Shapefiles
1

GRASS plugin

x
x
x
x
x

2.1.5.2 GIS - ESRI Suite 

 

H ESRI (Environmental Systems Research Institute

%

:

                                                           
1
 ) 

 



  

©2014  12 

x ArcReader

x 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

  

 



  

©2014   

 

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.

2.2.1  

 

2.2.2  
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2.3 ModelBuilder 
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4  ArcGIS  ) 



  

©2014  17 

 

ModelBuilder visual 

. ModelBuilder

 

5   

 

 

,

ArcGIS

ModelBuilder ArcGIS

.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

©2014  18 

 

 

2.4 FAO Penman-Monteith 

 

1

 

1  

 

 

and 



  

©2014  19 

 

Penman-

-

-

-Monteith 

 

� �
2

2

900
0.408 ( ) ( )

273

1 0.34

n s a

o

R G u e e

ET
u

J

J

' � � �
7� 

' � �
(0.1)

 

-1
)

Rn
-2

d
-1

)

G
-2

d
-1

)
o
C

-1
)

-1
)

T
o
C)

u2
-1

)

es-

es

(1.1)

-Mon

o
(T)=es

( )( )
oo

s s

s

e T ede T

dT T T

�
'   

�
(1.2)

Ts

T

(kPa
o
C

-1
)



  

©2014  20 

2

( ) 4098 ( )

( 237.3)

o ode T e T

dT T
'   

�
(1.3)

:

17.27
( ) 0.6108exp

237.3

o T
e T

T

§ · ¨ ¸�© ¹
(1.4)

(1.3) (1.4)

� �2

4098 17.27
0.6108exp

237.3273.3

T

TT

§ ·'  ¨ ¸�© ¹�
(1.5)

max min

2
mean

T T
T T

�
  (1.6)

:

( )

s

o

s a

T T
B

e T e
J �

 
�

(1.7)

-1
)

30,665 10
pc P

PJ
HO

�  � (1.8)

: cp :  �1.013*10฀3 p c MJ kg-1 oC-1

: H� �0.622

: O� �2.45MJ kg-1

P :

5.26
293 0.0065

101.3 ( )
293

z
P kPa

�§ · ¨ ¸
© ¹

(1.9)

 

 

 



  

©2014  21 

 

� �( ) ·o

a wet psy dry wete e T TJ � 7 � (1.10)

 

-

·psy psya PJ  (1.11)

- psy  �0.0008.

(1.2) (1.7)

� �
� � � �

1

o

s s s a

o o

s a s a

e T e e e
B

e T e e T e

J J § ·� �
  �¨ ¸¨ ¸' � ' �© ¹

(1.12)

n B s hR H ET G Q Q QO � � � � � (1.13)

2 1( )n n nR S L Mj m d� � � (1.14)



  

©2014  22 

–

–

0n nR G ET H R G ET HO O� � �  � �  � (1.15)

 

H
B BO

O
 �+  (7

(7
(1.16)

(1.15)

� �1
1

n n
n

R G R G
R G ET B

B
O O O

O
� �

�  (7� (7%� (7� � �  
�

(1.17)

(1.12) (1.17)

� �
s a n

o

s a

e e R G
ET

e T e

J J
O

� �' �
(7�  

' ' �
(1.18)

� � � �o

s aET F u e T eª º �¬ ¼ (1.19)

-

2m)

(1.19) (1.18)

(1.18)

� �� � n
s a

R G
F u e e

J J
O
�' �

(7� �  
' '

(1.20)

-

(1.20)

� �� �n
s a

R G
F u e e

J
J O J

�'
(7  � �

' � ' �
(1.21)



  

©2014   

-

(1.22) (1.21)

-Monteith 

� �� �
' '

n
s a

R G
ET F u e e

J
J O J

�'
 � �
' � ' �

(1.22)

 : ' 1 s

a

r

r
J J

§ ·
 �¨ ¸

© ¹
(1.23)

� � p

a

c
F u

r

DU
JO

 (1.24)

-

-3)

3.450
273

P

T
DU  

�
(1.25)

(1.23) (1.24) (1.22)

-Monteith:

� �

1

s a
n p

a

s

a

e e
R G c

r
ET

r

r

DU

O J

�
' � �

 
ª º§ ·
' � �« »¨ ¸

© ¹¬ ¼

(1.26)

-

(1.27) (1.28)

-

2

ln lnm h

om oh

a

z

z d z d

z z
r

k u

§ · § ·� �
¨ ¸ ¨ ¸
© ¹ © ¹ (1.27)

m



  

©2014  24 

zh

zom

zoh

k = 0.41(-)

uz -1)

-

I
s

active

r
r

LAI
 (0.28)

-1)

LAIactive
2

m
-2

om 

2

3
d h (0.29)

0.123omz h (0.30)

oh

0.1oh omz z (0.31)

0.12h m (0.32)

2m hz z m  (0.33)



  

©2014  25 

(1.34) -

(1.29),(1.30),(1.31),(1.32),(1.33)}:

2

208
ar

u
 (0.34)

active

0.5activeLAI LAI (0.35)

24LAI h (0.36)

I

1100Ir s m� (0.37)

(1.38) -

(1.28) (1.32),(1.35), (1.36),(1.37)}:

170sr s m� (0.38)

2):

-



  

©2014  26 

 

 2  

-

-

).

� �
2

2

900
0.408 ( ) ( )

273

1 0.34

n s a

o

R G u e e

ET
u

J

J

' � � �
7� 

' � �
(0.39)

-2 d-

0G  (0.40)

-2 d-

-2 d-

-2 d- ).

n ns nlR R R � (0.41)

(1 )ns sR a R � (0.42)

-)



  

©2014  27 

-2 d-

S s s a

n
R a b R

N

§ · �¨ ¸
© ¹

(0.43)

: = 0.25 s a , = 0.50 s b )

-)

-2 d-

� � � � � � � � � �24*60
sin sin cos cos sina sc r s sR G d Z M G M G Z

S
 �ª º¬ ¼ (0.44)

2
0.409sin 1.39

365
J

SG § · �¨ ¸
© ¹

(0.45)

� � � �� �arccos tan tansZ M Gª º �¬ ¼ (0.46)

- -

2
1 0.033cos

365
rd J

S§ · � ¨ ¸
© ¹

(0.47)

-2 min-1



  

©2014  28 

3. ( : FAO, 1998. Ch. 3: 16) 

� �
4 4

max, min,
0.34 0.14 1.35 0.35

2

K K s
nl a

so

T T R
R e

R
V
ª º� § ·

 � �« » ¨ ¸
© ¹¬ ¼

(0.48)

 

: Stefan-Boltzmann J K-4 m-2 d-1

-

-2 d-

� �50.75 2*10so aR z R� � (0.49)

c cb e K  �K ��K (3.51)



  

©2014  29 

 

.
( : FAO, 1998. Ch. 5: 8) 

 

Kc Kcb + Ke 

 

-

-

-

-real time 

(
) 

 

-

- real time 

-

(

)
-

-

 

 

, 10- ,
( ) ( ) 

 



  

©2014   

4.

 

4. Kc

( : FAO, 1998. Ch. 5: 4) 

 

2 m/s.

5



  

©2014   

 

5. Kc

( : FAO, 1998. Ch. 5: 4) 

 

 

 

 

 

 

 

6.



  

©2014   

 
 

6. Kc ( : FAO, 1998. Ch. 5: 5) 

 

1)

2)

3)

4)

7



  

©2014   

 
 

7. ( : FAO, 1998.

Ch. 5: 5) 
 

8

 

 
8. Kc

( : FAO, 1998. Ch. 5: 7) 

 

 

 



  

©2014   

8, 9).

 

 

 
 

8, 9. Kc ( )

( : FAO, 1998. Ch. 5: 10) 

 

 

 

 

 

 

 

 

 

 

 

 



  

©2014   

 

3   

 

m m

ArcMap

ArcGIS ESRI

2
.

6 

                                                           
2

8 



  

©2014   

,

 

7 

GPS
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ModelBuilder ArcMap
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shapefile meteo.shp (table) fields).

12

phi Field_phi

13

Cloudness

Cloudness

14

altimeter

altimeter
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Temper

Temper

16

Wind_speed

Wind_speed

17

RH

RH

18
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19

Temper

20
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21

)

Pressure Temper

22

Pressure   lamda
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43
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44
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46

Epm shape file meteo Evapotrans

47 - ModelBuilder

script Python

point line polygon)

Penman-Monteith , Point meteo
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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
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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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