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Evapotranspiracao

Depois do regime de temperaturas resultante do
balanco de radiacao e a pluviosidade, a
evapotranspiracao e o processo mais relevante
na definicao do clima local que influencia a
biota.



Annual Total Precipitation

Pl
A
Annual Precipitation in Centimeters
q + 7 s i) 9 27 3 55 247

Data taken from: CRU 0.5 Degree Dataset {New et al)

Atlas of the Biosphere

Center for Sustainability and the Global Environment
University of Wisconsin - Madison




Medicao da precipitacao

¢ O que representa mm de chuva?

rain water
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Potential Evapotranspiration

Evapotranspiration in mm (Based on 150 mm Water Holding Capacity)
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Data taken from: Willmott and Matsuura (2001)

Atlas of the Biosphere

Center for Sustainability and the Global Environment
University of Wisconsin - Madison



Evapotranspiration

Evapotranspiration in mm (Based on 150 mm Water Holding Capacity)
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1] 40 85 120 170

Data taken from: Willmott and Matsuura (2001)

Atlas of the Biosphere

Center for Sustainability and the Global Environment
University of Wisconsin - Madison
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TANQUE DE EVAPORACAO CLASSE A




Estimativa da evapotranspiracao potencial

eer=10(5) () (577)

PET — evapotranspiracdo potencial mm/mes;

Ta — temperatura media do més para o qual esta sendo calculado;
N — ndimero de dias do més;

L — nimero medio de horas de insolacéo do més;

a=(6.75 x 107)I° = (7.71 x 10™°)I* + (1.792 x 107*)I + 0.49239

. 12 (TM_ )1.511
=1 .







Mean water balance of the earth in 10° km® a™ (Houghton 1997)

surface precipitation evaporation runoff
land surface 111 71 40
ocean surface 385 425 40%

" water vapor transport in the atmosphere from the ocean to the land, for instance as cloud water

Mean annual data of the water cycle of Germany (Source: German Meteorological Service.
Hydrometeorology) inmm (1l mm=1L m_z)

precipitation evaporation

779 mm 463 mm

into evaporation 463 mm from transpiration 328 mm

into ground water 194 mm from interception 72 mm

into runoff 122 mm from soil evaporation 42 mm
from surface water evaporation 11 mm

from service water evaporation 11 mm




Coeficiente de Bowen (razao de Bowen)

A razdo de Bowen pode definir a dinamica do calor
armazenado pela relacao entre a perda de calor sensivel
por conveccao livre e a perda por calor latente.

O=R, - X=\NE+C

A partir do balanco de energia podemos supor que uma guantidade de
calor X € armazenada no ambiente considerando as perdas por calor
latente e calor sensivel. A razdo entre esses fluxos € a razdo de Bowen.
Uma das utilidades do emprego desse parametro € a avaliacdo do impacto
da atividade humana no balanco de energia. O aumento no valor é
associado com atividade antropica.

r1s -1, T, -1,

rhes_ea y €S—"ea

C/NE=B=vy
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E 2 Brasit | Relativa par regifes

I"iisnm F‘aalﬁ Norte F ordests Cantre- Fuosu I_T“

M km? [ W | [ “»
!illi alos (3718745 [ 4,36 | 8,67 | 0,00 | 0,00 liﬁﬁ ﬂ?ﬁ"
Arglsselos  1.713.853,5 1 5,% [24,40 | m [713,77 | 20,68 [14,77
Cambisselos |232.139,2 | 2,73 | 1,06 | 2,00 [ 1,59 [ 9,64 [9,28
Chernossoles | 42.363,9 | 0,53 |o000 | 1,05 | 0,27 | 0,21 | 3,94
Espodassolos | 133.204,9 | 1,5 | 3,12 | 0,39 | 0,26 | 0,37 [0,00
Glelsselos [ 3114453 [ 366 (6,41 | 0,78 [ 285 [ 05 | 04
Latossolos  ©.917.590,3( 38,73 [33,86 | 31,01 | 52,81 | 56,30 (24,96
Luvissolos  [225.504,9 | 2,65 | 2,75 [ 7,60 | 0,00 | 0,00 | 0,00
Neossslos  1.246.898,9( 14,57 [ 8,49 | 27,55 | 16,36 | 9,38 (23,23
NRassolos |uo.7n.s| 1,41 | 028 | 0,05 | 1,22 | 2,56 [11,48
Planossolos | 155.152,1 | 1,84 | 0,06 | 6,61 | 1,73 | 0,16 | 3,00
Esu;.,.‘..“,.l.‘ ‘m -mo‘l spa.g I"u“ l za“ I .307,. ' 3.00 Io.m




Designagdo dos lotes Diametro das particulas em mm

Areia grossa 2 —0,2
. ] Areia fina 02 — 0,02
argila  silte Limo 0.02 — 0,002
Argila < 0,002
100pum
Quanto a elementos grosseiros

Designacdo Diametro em mm
Blocos > 200
Calhaus 200 — 100
Pedras 100 — 50
Pedras mitdas 50 — 20
Cascalho 20— 5

Saibro 5—-2



Granular

A estrutura do solo
afeta a condutividade

hidraulica. A

COmposicao

granulorr_létrica permite i s Moderate flow
prever a interagao com Prismatic Massive

a precipitacao e com a 5 A & H)

forma de irrigacio. o 4 % 0

p )

Moderate flow Slow flow
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A cobertura vegetal modula o balanco hidrico da superficie.

Canopy Grass and Litter  Grass and Litter
interception Interception Interception Interception
7.0% 0.5% 0.4% 0%

I

Litter
interception

12.0% ‘-\

Surface Runoff _l'-"- 0% "—l":a,on —'I-" 46.0% _l"'ru 0%
Infiltration B1.0% 75.5% 54.6% 25 0%

Qak Bunch-
Mctie grass -J-— gmﬂ ...J—- Gmund
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Particula de argila
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Soil organic matter (%)
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Soil moisture (%)




Areia Argila

Capacidade de campo :
capacidade maxima de

retencao de agua apos a
drenagem gravitacional

-10.0

Agua higroscopica

30 “heecresiaiei i i, PEP xerofitas

PEP standart para
plantas agricolas

-1.0
0.8 |,
0.6

Ponto de murchamento
permanente:

Potencial matrico que néo
pode ser vencido pela forca

de succao da planta.

0.4

-0.2=>

Potencial hidrico do solo [MPa]

Capacidade
de
-0.01 campo

10 20 30 40 %
Conteudo hidrico do solo

Agua disponivel: contetido de agua no solo verificado entre o
ponto de murchamento permanente e a capacidade de campo.



Capacidade de  Ponto de
campo Murchamento
Permanente

Solo saturado

Agua disponivel para as plantas = profundidade de
enraizamento (m) X capacidade de campo (m3/ m?3)
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Figure G6 Polar-Equatorial transect, correlating the land ecosystems with variation in temperature and moisture conditions, and with a
generalized, qualitative assessment of the related geography of the soil-forming environment under well-drained conditions: 1: Bedrock.

2: Incipient chemical alteration limited by cold in tundra, and lack of water in desert and semi-desert. Alkaline conditions and salt deposition under
semi-desert conditions. 3: Acidic conditions favoring podzolization. 4: Near neutral conditions with respect to pH, bisiallitization. Calcite deposition
possible under steppic vegetation. 5: Acidic conditions favoring monosiallitisation. 6: Acidic conditions favoring allitisation.




A CONDUTIVIDADE TERMICA DO SOLO
VARIA COM O CONTEUDO DE AGUA,
ESTRUTURA E GRANULOMETRIA

O solo atua como um compartimento do balango de energia e massa da
biosfera, servindo de dreno e de fonte de energia. A atividade metabolica
de raizes e organismos do solo é proporcional a temperatura quando o
conteudo de umidade é adequado.

A condutividade térmica do solo é um elemento importante no balanco de
energia e atividade metabolica na biosfera, especialmente quando a
variagdo na temperatura da atmosfera € alta.

AREIA 0,25a0,32 1,77 a2,84
AREIA GROSSA 0,13 0,52
SOLO ARGILOSO 0,25 1,59
SOLO LODOSO 0,4 1,0
TURFA 0,06 0,37

LITTER FLORESTAL 0,1 0,4



Propriedades térmicas do solo e

GRANITO
AREIA UMIDA (40%)
AREIA SECA

SOLO ARENO-ARGILOSO

SOLO LODOSO (90% DE
AGUA)

materiais de origem

2,73
2,91
0,30
0,92
0,89

2,13
2,76
1,24
2,42
3,89

1,28
0,91
0,24
0,38
0,23



Albedo de algumas superficies
naturais

SOLO SECO 0,25 a 0,30
SOLO UMIDO 0,10a0,12
AREIA BRANCA 0,34 a 0,40
GRAMA 0,18 a 0,20
PINHEIRAL 0,14
AGUA - SOL APINO 0,13
AGUA — SOL A 30 GRAUS 0,024

NEVE 0,75-0,98



SOIL PORES
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a 7 min 15 min C 30 min d 4 hr

; S51cm ;
I 1

Figure P8 Development of the finger core area-fringe area in time. Core areas grow from the textural interface downward to the bottom of
the chamber within the first 30 min (a, b, c). Finger fringe areas are formed as wetting fronts leave the fingers and move laterally into the dry sand
on either side of the finger core areas (d) (reproduced from Glass et al, 1989).
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A cobertura vegetal modula o balanco hidrico da superficie.

Canopy Grass and Litter  Grass and Litter
interception Interception Interception Interception
7.0% 0.5% 0.4% 0%

I

Litter
interception

12.0% ‘-\

Surface Runoff _l'-"- 0% "—l":a,on —'I-" 46.0% _l"'ru 0%
Infiltration B1.0% 75.5% 54.6% 25 0%

Qak Bunch-
Mctie grass -J-— gmﬂ ...J—- Gmund
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Fig. 5.2. Schematic representation of the modeling of the atmospheric surface layer including
plants and soil (Blackadar 1997)



Table 1.3. Thermal molecular conductivity ag. volumetric heat capacity Cg and molecular
thermal diffusivity vr for different soil and ground properties (Stull 1988)

ground surface ag Cg VT
nWm' K’ in10°Wsm” K™ in10°m’s™
rocks (granite) 273 2.13 1.28
moist sand (40 %) 2.51 2.76 0.91
dry sand 0.30 1.24 0.24
sandy clay (15%) 0.92 242 0.38
swamp (90 % water) 0.89 3.89 0.23

Table 1.1. Albedo of different surfaces (Geiger ef al. 1995)

surface albedo
clean snow 0.75-0.98
grey soil, dry 0.25-0.30
grey soil, wet 0.10-0.12
white sand 0.34-0.40
wheat 0.10-0.25
grass 0.18-0.20
oaks 0.18

pine 0.14
water, rough. solar angle 90° 0.13

water. rough. solar angle 30° 0.024




Thermal conductivity (A) of some soil materials.

Soil

Fairbanks sand
quartz sand
sand

sand

sand

gravelly coarse sand (pumice)
medium and coarse gravel (pumice)

loamy sand

loam

Avondale loam
Avondale loam

silt loam

Yolo silt loam

Muir silty clay loam
silty clay loam
Pullman silty clay loam
Healy clay
Fairbanks peat
forest litter

Dry
0,

0.003
0.00
0.02
0.00
0.003
0.02
0.01
0.01
0.01
0.08
0.03
0.09
0.14
0.03
0.01
0.07
0.04
0.03
0.02

A

W m' K

0.33
0.25
0.9

0.27
0.32
0.13
0.09
0.25
0.20
0.46
0.31
0.40
0.49
0.30
0.20
0.16
0.30
0.06
0.10

Wet
0,

0.18
0.40
0.38
0.38
0.38
0.40
0.43
0.40
0.60
0.23
0.30
0.50
0.34
0.30
0.59
0.29
0.30
0.61
0.55

W m? K7

2.08
2.51
2.25
1.77
2.84
0.52
0.39
1.59
1.05
0.88
1.20
1.0

1.13
0.90
1.09
0.89
0.91
0.37
0.40



Profun-
didade
do solo
(cm)

10 ¢

20 +

v

DIA

Alta radiacdo l

vapor

Evaporacao

f L}
!
|

r———"'_\\,__/—’—\’___ﬁ_,———

e — —— g

Difusao de

|
|
I
I
I
I
+ Frio

Super-
ficie
do
solo

——

NOITE

—_——

Fluxo de
liquido

S,

e

Frio

Quente

Fig. 1.2.19. — Variacao diurna do movimento do vapor de agua e da agua liquida nas

superficies do solos secos.
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Fig. 1.10. Daily cycle of soil temperatures at different depth. measured by the University of
Bayreuth during the LITFASS-98 experiment (bare soil) at the boundary layer measuring field
site of the Meteorological Observatory Lindenberg (high clouds from 12:00 to 14:00)
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Fig. 1.9. Temperature profile in the upper soil layer on June 05. 1998. measured by the Univer-
sity of Bayreuth during the LITFASS-98 experiment (bare soil) at the boundary layer measuring
field site of the Meteorological Observatory Lindenberg (high clouds from 12:00 to 14:00)
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Contribution of soil respiration to the global
carbon equation #
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MICROHABITATS NO SOLO

A quantidade de organismos nos microhabitats
do solo varia com a estrutura dos agregados e a
textura. A composicdo granulométrica que
reflete no espaco entre os poros pode oferecer
afeta a composicdo da biota edafica. A
mobilidade dos organismos afeta a composic¢ao
da atividade microbiana nas raizes das plantas
podendo interferir em processos importantes no
uso dos nutrientes. Enquanto bactérias podem
ter acesso a solos com maior compactacao,
colonias de bactérias e protozoarios menores
necessitam de poros de 2um pelo menos
enguanto poros menores que 30um reduzem
drasticamente a maior parte da biota
decompositora do solo.

bacterna

bacteria in
- intercellutar
space




Desertificacao

¢ O que ¢ um “deserto’:

Regiao com precipitacao media anual menor
do que 100mm (definicao nem sempre eficaz para
explicar a aridez);

Regiao definida por um déficit hidrico pela
razao entre precipitacao e demanda evaporativa,



Sparse precpstation all seasons
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Razao de Budyko-Lettau

D=R/(LxP)

D = indice de secura;

R = ganho liquido anual de radiagdo:

P = precipitagdo média anual;

L = calor latente de evaporagdo da dgua

Concepcao original:
D > 2.3 = semi-deserto; D = 3.4 = deserto

UNESCO: D = 10 = deserto extremo



INTERPRETACAO DO iNDICE DE
BUDYKO

>90 “Extremely above the average” 10
8090 “Significantly above the average® 9
70-80 “Above the average” 8
3070 “Average” 4—7
20-30 “Below the average” 3
10-20 *Significantly below the average” 2

<10 “Extremely below the average” 1
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Linha -semiarido  Area vermelha- deserto
(D>2.3) (D>10)



Imprevisibilidade:
areas com variacoes maiores do que
30% na precipitacao
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Desertos de mar frio

Atacama Namib desert



Desertos salinos
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