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Stationary climatic data extrapolation using digital terrain model

Compillation of map of potential average annual air temperatures
on the territory of University Forest Enterprise ,,Krtiny*“.

Why to do it?

» Stationary time series represent points only, full area coverage is necessary for
consequent data processing. The data extrapolation from points to the area can be
done using defined physical relationships between temperature and area features
(using map algebra).

How to do it?

* We need DTM and climatologic data. Temperature time series collected on
climatic stations create the data source for derivation of regression equation
representing the dependence of temperature on elevation. Using this equation, the
DTM data can be recalculated into temperature data covering the whole territory.
Slope and aspect data can be derived from DTM as well. Using climatologic
relationship equations, the temperature data layer can be specified respecting
slope and aspect data.
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Stationary climatic data extrapolation using digital terrain model

T=T1+T2 [OC] Average annual air temperature
T1... temperature depenc!ence. on elevation 1. Tufany o4 masl 89°C
T2... temperature correction with regard 2. Pisarky 223 masl 85°C
to slope and aspect 3. Babice 460 ma.s.l. 6.6°C
4. Bukovinka 524 ma.sl. 6.4°C
5. Blansko 287 ma.ssl. 84°C
— *
T1=10.5935 - 0.0082*[DTM] 6. Kufim 291 ma.s.l. 8.0°C
T2=A*K-A 7. Olomugany 360ma.sl. 7.6°C
8. Hady 420ma.s.l. 7.5°C
9. Sobésice 398 masl. 7.2°C
= + *
A=44 _T1 0.133 , , ] 10. Vranov 440 ma.sl. 6.9°C
K = coefficient of proportional insolation 11. Polanka 296 masl 82°C
(see table) 12. Kitiny 430masl. 7.1°C
13. Proklest 540 ma.sl. 6.1°C
K 0°- 5° 5°-10° 10°-15° 15°-20° 20°-25° 25°-30° | 30°-40° | 40°-50°
S 1.05 1.1 1.17 1.22 1.26 1.31 1.34 1.37
SE, SW 1.04 1.10 1.16 1.20 1.24 1.26 1.28 1.30
E,W 1.02 1.06 1.09 1.11 1.12 1.12 1.10 1.07
NE, NW 1.00 1.02 1.01 1.00 0.99 0.97 0.92 0.84
N 0.99 1.00 0.98 0.96 0.93 0.87 0.81 0.75
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tu { Stationary climatic data extrapolation using digital terrain model

PROJECT ENVIRONMENT

RBE i Sl Editivg

g Display GIS Analysis Modeling Image Processing Reformat  Data Entry  Sdindow List Help

@)r— @B | B[] e/ m[ o[ Bain] o2« [x (D] 2 Ay 51|58 ke -

Project file name : c:\program files\idnsi kihmanjaro\projectsidefault. env

M ain working folder :

D:hclimate’, 1 Browse |

Fesource folders ;

D:helimate’, 1 Add .. |

MHew project ... |
Open project ... |
Save project .. |

Save as ... |
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EDIT — elevation.avl, temperature.avl

feis

E = —
Fil= Display GIS Analysis  Modeling Image Processing Reformab  Data Entry  Window List  Help

A IEN: TR e e = T e e = P = R E A A S T I e = = = PR EE

File Edit Toolz Help |
1241
2223
3 460 Save file %
TR 7
5 287 Uloit do: IB socrates j - o gl
6 291
7 360 = ]
g 420 . = temperature. avl
9398 Posledni
10 440 dokumenty
11 296 @
12430 .
13540 Plocha =]
‘2 File Edit Toolz Help |
N2
L 1858
D okumenty 285
S50 o —— Y
154 = 2]
5 8.4 UloZit do IE) socrates LI = £f E-
Tento poita 6 5.0
77E | - elevation.avl
5 7.5 I:Eernperature..a'-.-‘
972 Posledni
Mista v siti Mazev souboru: |e|avaliun 1069 dakumenty
1182
Ulodit jako typ: IAttribute walues file [%.avl] 1271 @
13 6.1 Plocha
Drokumenty
Terto poéitad

Mistav st Mazev souboru ltemperature j Ulozit I
Uloéit jako typ: IAttribute walues file [*.avl) ;I Starmo

e
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BEE

oo F B ERe e e & o (e 0o 02(W8 @[k s uslay[=| 21| 6E| )=

1~ File type:
" Image files 0 attribute values files

Y= 10533491 + 0008217 % r= 09755923 :
Begression Parameters:

Independent variable: |elevati0n _' = ax:.LS: =levation
T axis: temnperature
Dependent variable: |temperature _l
95.74 %
103 _EE&EES
0871265
0.120037
0.0005E3
t 3tat for r or Beta -14_839653
t Stat for Beta <+ 1 —l8ZE.157056
Sample Size i(n) = 13
Apparent df = 11

Coeff. of Det.

Std. Dev. of X
Std. Dev. of ¥

3
5
ok | Close | Help | §.E. of Estimate
:

Std. Error of Beta

Save ta Clipboard |

Frirt |

low frequency high fraquency
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DISPLAY — dtm.rst
IMAGE CALCULATOR — t1 =10.5935 — (0.0082*[dtm])
a=4.4+(0.133*t1)])

r WURIS Thz lEar E it
File Display GIS Analysis Modeling Image Processing Reformat  DataEntry  ‘Window List  Help

Image Galculator- Map: Aleebraand liosic Modeler: = aep Calulator - Mapl Aleebrasndilogic Modeler: A=E3

. Operation type : [+ Mathematical expression " Logical expression - Operation type : (s Mathematical exprassion " Logical expression

Dutput file name : Expression to process © Output file name : Expreszion to process ©

o = |10.5935-(0.0082"dtm]) = [4.4+[01337 1))

v x| oover | e | sm JAHCCDS]. ' i % | cor | Ee | s ‘AHEEDSI.

nraTio | NG | LoGim | cos | amcran | nRaTio | mes | osm | cos | amcraw |

- | . |
- | wmw | rece | seAr | ten | Rep | - | mn | mece | somt | ten | man |
<] - |

max | | soR | amcsm | pEc | max | v | ser | amcem | pes |

Inzert Image BER 1 CLEAR ] ABS Insert Image EER ‘ CLE&R 1 ABS

cess Expression | Save Expression I Open Exprazsian ‘ Close ‘ Help ‘ i Process Epression Save Expreszion ‘ Open Expression ‘ Clase J Help ]
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t1.rst, palette: Quant a.rst, palette: Quant

” 25 - B[]
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SURFACE — dtm.rst — slope.rst, aspect.rst

r DRISE R Mg Edieiu g

File Display GIS Analvsis Modeling Image Processing Reformat  DataEntry  Window List  Help

=200.00
22357
24673
27010
29347
31683
34020
36357
38693
41030
43367
457.03
430.40
S0377
52713
25050
ST3ET

SUREACESENTFate analysit

' Caloulate:
" Slope o Slope and azpect
i Aspect ™ Analyptical hilzhading

Input elevation model: ldtm

Output slope image: jslope

Output aspect image: iaspect

Calculate slopes in:
* degrees " percent

Conwversion from unspecified ko m

Slope image title; |

Aspect image title: |
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slope.rst, palette: Quant aspect.rst, palette: Quant

slope; _J l\-j aspect J Id

-1.00

2156

4412

6669

8925

111.81
13437
156.94
179.50
202,08
224 62
24718
26975
2923
3487
337 44
360.00
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RECLASS — slope.rst — slope r

Save as .RCL File: slope.rcl

Type of file to reclass

Classification bype

" Image & User-defined reclass
" Vectar
" Attibute values file " Equalinterval reclass
1 O 5 Input file : |s||:||:ue J
2 5 1 O Output file : |s||:||:ue_r J
3 10 15 — Reclazs parameters
Az5ign a new value of |T|:- all walues from Ta st less than ||:|
415 20 - - - =]
5 20 25 2 5 10
6 25 30 | [2H x| E 10 15
7 30 40 Warning! The input File contains real waluzs, Would you like ko canvert the aukpuk file ko inkeger? 4 1 @ v
8 40 50 Use .RCL file... | Save as RCL file... | Femave line | Clear grid |
Output documentation. . |
ok | Close | Heb |
(1) (2) (3) (4) (5) (6) (7) (8)
K 0°-5° 5°-10° 10°-15° 15°-20° 20°-25° 25°-30° 30°-40° 40°-50°
S 1.05 1.11 117 1.22 1.26 1.31 1.34 1.37
SE, SW 1.04 1.10 1.16 1.20 1.24 1.26 1.28 1.30
E,W 1.02 1.06 1.09 1.11 112 112 1.10 1.07
NE, NW 1.00 1.02 1.01 1.00 0.99 0.97 0.92 0.84
N 0.99 1.00 0.98 0.96 0.93 0.87 0.81 0.75
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slope r.rst, palette: Qual

_slope s CIE]x)|
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RECLASS — aSpeCt. rst — aspect_r. rSt R S ST AR N AS ST T Ca LD VAT ECRIS ST LT d _]a‘
Save as .RCL File: aspect.rcl L e
" Wector
o = Atibute values fle " Equalintsrval reclas:
aa75° CIN . 1157.5 202.5 patte s
| 2112.5157.5 \ s =
NE | 220252475 BB oot -]
292.5° o750 | 367.51125 A
W . 3247.5292.5 1 1575 2025 ]
- . 90° 4 225675 2 125 1575
270° E 429253375 ; s s
. 5 O 22 5 £ B75 125 D
247.50 1125 5 337 5 360 Use RCL fie... | Save a: ACL fils...l Femove I'nel Clear grid |
SW /7 SE O _1 O Olutout docomentation... |
202.5° 'S 157.5° ok | Close | Felp |
180°
»K* 0°-5° 5°-10° 10°-15° 15°-20° 20°-25° 25°-30° 30°-40° 40°-50°
S (1) 1.05 1.11 1.17 1.22 1.26 1.31 1.34 1.37
SE, SW (2) 1.04 1.10 1.16 1.20 1.24 1.26 1.28 1.30
E, W (3) 1.02 1.06 1.09 1.11 1.12 1.12 1.10 1.07
NE, NW (4) 1.00 1.02 1.01 1.00 0.99 0.97 0.92 0.84
N (5) 0.99 1.00 0.98 0.96 0.93 0.87 0.81 0.75
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dspect I \_J |\2
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CROSSTAB — aspect_r.rst —slope r.rst — a_s.rst

r MDRISIR el imanyaro s o,
File Display @IS Analysis Modeling Image Processing Reformat  Data Entry  Window List  Help

| 2] o8 @[3 |~] | | AY|ks| B |G o[ |

LI I R

EHUSTAN = @ iuss=rl b

First image; ]aspect_r

Second image: |Slope_[

[ Output type:
(* Cross-classification image
" Full cross-tabulation table
™ Both cross-classification and tabulation
" Image similarity / azsociation data only

Output image: a s
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a_s.rst, palette: Qual

O]
X}

e

Cross-Classification : aspect_r | slope_r

ONBSACCNSCDALMACINONC

L S O T R B R R A A R

LI

K« 0°- 5° 5°-10° 10°-15° 15°-20° 20°-25° 25°-30° | 30°-40° | 40°-50°
s 1.05(111) | 1.11(112) | 1.17(113) | 1.22(114) | 1.26 (115) | 1.31 (116) | 1.34 (1]7) | 1.37 (1]8)
SE,SW | 1.04(211) | 1.10(22) | 1.16(213) | 1.20 (214) | 1.24 (25) | 1.26 (216) | 1.28 (2]7) | 1.30 (2I8)
E, W 1.02 (311) | 1.06 (312) | 1.09(3|3) | 1.11(314) | 1.12(3I5) | 1.12(316) | 1.10 (3]7) | 1.07 (3]8)
NE, NW | 1.00 (4]1) | 1.02(4J2) | 1.01(4/3) | 1.00(4]4) | 0.99 (45) | 0.97 (4]6) | 0.92 (4]7) | 0.84 (4/8)
N 0.99 (511) | 1.00(5]2) | 0.98(53) | 0.96 (5/4) | 0.93(5/5) | 0.87 (5/6) | 0.81 (5/7) | 0.75 (5/8)
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RECLASS — a_s.rst — k.rst
Save as .RCL File: a_s.rcl

[ RECLA:

Type of file to leclass

" [rage

= s w BTl o e Biagiiiesinl) i _JL31

Clagzification type

+ User-defined reclass

™ Wectar
002 1171213 || 1.24 2324 || 1.10 34 35 | | Atrbuie vaes e | s
1.0523 1.16 1314 || 1.1224 25 || 0.92 35 36 | | moutic m -
1.0434 1.09 14 15 || 0.99 25 26 || 0.81 36 37 | | ousutic: z -
1.0245 1.01 1516 || 0.93 26 27 || 1.37 37 38 | || Aecksspacmetes
1.0056 0.98 16 17 || 1.3127 28 || 1.30 38 39 | | [Asinarewvdueot [Todlvahicsion  [Topstissthan [
09967 |[1.221718]/1.262829||1.073940] | [, X g 1
11178 1201819 |/ 1.122930 || 0.84 40 41 | | 1w : :
1.1089 1.111920 |/ 0.973031 || 0.75 41 42 | | | ) g
106 9 10 100 20 21 087 31 32 IJze RCL file... | Save az ACL file...| Remove Iinel Clear grid
1.0210 11 || 0.96 21 22 || 1.34 32 33 L Ouiput documentaion.. |
1.001112 || 1.26 22 23 || 1.28 33 34 - O] Cese | Hep |
» K 0°-5° 5°-10° 10°-15° 15°-20° 20°-25° 25°-30° 30°-40° 40°-50°
S 1.05(02) | 1.11(07) | 1.17(12) | 1.22(17) | 1.26 (22) 1.31(27) | 1.34(32) | 1.37(37)
SE, SW 1.04 (03) 1.10 (08) 1.16 (13) 1.20 (18) 1.24 (23) 1.26 (28) 1.28 (33) 1.30 (38)
E,W 1.02 (04) 1.06 (09) 1.09 (14) 1.11 (19) 1.12 (24) 1.12 (29) | 1.10(34) | 1.07 (39)
NE, NW 1.00 (05) 1.02 (10) 1.01 (15) 1.00 (20) 0.99 (25) 0.97 (30) 0.92 (35) | 0.84 (40)
N 0.99 (06) | 1.00(11) | 0.98(16) | 0.96(21) | 0.93(26) | 0.87(31) | 0.81(36) | 0.75 (41)
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k.rst, palette: Quant

- [Bx]
Cross-Classification : aspect_r | slope_r

0.00
0.08
a1y
026
034
043
051
060

063
0.r?
086
084
1.03
1.1
120
128
137
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IMAGE CALCULATOR — t2 = ([a][k]) - [a]
t=[t1] +[t2]

SIS e eyt o)

File Display IS Analysis Modeling Image Processing Reformat DataEntry  Window List  Help

© 0@ E| B3| e 28 e Baln] »2)W8 x| 85 ualAY| 5| ==
o =3 Mg Galoulatore i

n—m o] 5| o] o[ wwmo| wen | war | cos | enca]
e | | son [ encon | oeo | N o [ | | | wac | w | son | ecom | e |
 ietimge BB | cieen | _cos | (O] o ] meumgeE® | cen| s |
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t2.rst, palette: Quant

= 1E]x]

-5 81
-5.32
-4.83
- .34
-3.684
-3.35
-2.86
-2.37
-1.88
-1.38
-0.90
-0.41
0.08
0.58
1407
1.56
205
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Result assessment:

= products depend on DTM and on DTM derived data

= accuracy of input climatic data and equations (correction equation with
regard to slope and aspect, used coefficients)

= another factors, e.g. valley temperature inversion were not regarded
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) =1E9)

dmt

‘1’ scalar L}

t1

; scalar

; scalar

a4

scalar

surface 1

zlope

reclazs

zlope_r

; surface

azpect

agpect_r

crozstab a_z

]

I—: k
‘1’ overlay ,;

K2

.

|

[

‘1’ overlay }J
k22 ]

‘1’ overlay }J
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