
Heat Conduction EquationHeat Conduction Equation --

or, for an homogenous layer jor, for an homogenous layer j::

in finite differences: in finite differences: 

T is Temperature T is Temperature ©©; ; t is time (s)t is time (s) ;; z is z is the depththe depth (m); (m); C is the volumetric heat C is the volumetric heat 
capacity of the soil (Jcapacity of the soil (J mm--33 KK--11) ) ; ; λλ = K is the apparent thermal conductivity (W= K is the apparent thermal conductivity (W mm--

11 KK--11)) and and αα = C x = C x λλ is the thermal diffusivity (mis the thermal diffusivity (m22 ss--11))

The daily thermal diffusivity (The daily thermal diffusivity (ααj) is obtained through the iterative solution of the j) is obtained through the iterative solution of the 
last equation (last equation (AlvalAlvaláá et al., 1996)et al., 1996)
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1 1 -- INTRODUCTIONINTRODUCTION

The deforestation and the subsequent land use change may result The deforestation and the subsequent land use change may result in in 
significant alterations in the energy and water balances in the significant alterations in the energy and water balances in the soilsoil--
vegetationvegetation--atmosphere continuum. The soil thermal properties, that is, atmosphere continuum. The soil thermal properties, that is, 
the diffusivity, the conductivity and the volumetric heat capacithe diffusivity, the conductivity and the volumetric heat capacity, ty, 
especially as a function of the water content, are currently notespecially as a function of the water content, are currently not readily readily 
available. Notwithstanding, the demand for these data is increasavailable. Notwithstanding, the demand for these data is increasing ing 
due to requirements in, e.g., coupled models of heat and moisturdue to requirements in, e.g., coupled models of heat and moisture e 
transport in the soil near its surface, which are part of numeritransport in the soil near its surface, which are part of numerical cal 
weather and climate models. Thus, in this work, the measured soiweather and climate models. Thus, in this work, the measured soil l 
temperature profiles at the 5, 20 and 50 cm depths were used to temperature profiles at the 5, 20 and 50 cm depths were used to obtain obtain 
thermal soil diffusivities at five different sites in the state thermal soil diffusivities at five different sites in the state ofof ParParáá, , 
EasternEastern AmazoniaAmazonia. . The measurements were collected within theThe measurements were collected within the
MilMilêênionio--LBA program LBA program –– Subproject UFPA, during the experimentSubproject UFPA, during the experiment
CiMelaCiMela ((““MesoscaleMesoscale Circulations in Amazonian EastCirculations in Amazonian East””), held during ), held during 
the dry period of 2003the dry period of 2003: : (i) forest ((i) forest (CaxiuanCaxiuanãã Reserve, Reserve, MelgaMelgaççoo) (ii) ) (ii) 
pasture (pasture (SoureSoure,, MarajMarajóó Island); (iii) natural mangrove (Island); (iii) natural mangrove (TracuateuaTracuateua
Island, Island, BraganBraganççaa); (iv) degraded mangrove (); (iv) degraded mangrove (TracuateuaTracuateua Island,Island,
BraganBraganççaa); and (v) agricultural area (); and (v) agricultural area (Fazenda Escola da UniversidadeFazenda Escola da Universidade
Federal RuralFederal Rural da Amazda Amazôôniania,, IgarapIgarapéé AAççuu).). The thermal diffusivity The thermal diffusivity 
was obtained through the numerical method described bywas obtained through the numerical method described by AlvalAlvaláá et al. et al. 
(1996). The impact of changing moisture conditions on the therma(1996). The impact of changing moisture conditions on the thermal l 
soil properties will be also investigated. soil properties will be also investigated. 

22-- SOIL THERMAL PROPERTIESSOIL THERMAL PROPERTIES

Energy and moisture balance studies at the surface frequently reEnergy and moisture balance studies at the surface frequently require quire 
estimates of the soil heat flux and the temperature at the soil estimates of the soil heat flux and the temperature at the soil surface. surface. 
Coupled models of heat and moisture transfer in bare soils (NovaCoupled models of heat and moisture transfer in bare soils (Novak k 
and Black, 1985;and Black, 1985; PasseratPasserat dede SilansSilans et al, 1989), or in vegetated soils et al, 1989), or in vegetated soils 
((BraudBraud et al., 1995;et al., 1995; SmirnovaSmirnova et al, 1997), require information about et al, 1997), require information about 
the soil thermal properties, such as the thermal conductivity, tthe soil thermal properties, such as the thermal conductivity, the he 
thermal diffusivity, and the volumetric heat capacity. These prothermal diffusivity, and the volumetric heat capacity. These properties perties 
may be deduced from the soil components (Vanmay be deduced from the soil components (Van WijkWijk, 1963), and , 1963), and 
they are dependent on soil moisture content, soil composition anthey are dependent on soil moisture content, soil composition and d 
vegetation cover (shading, root influence on moisture content). vegetation cover (shading, root influence on moisture content). 
Notwithstanding, they are currently not readily available. HowevNotwithstanding, they are currently not readily available. However, er, 
the demand for these data is increasing, due to more detailed the demand for these data is increasing, due to more detailed 
requirements of the soil heat and water transport models.requirements of the soil heat and water transport models.

3 3 -- SITESSITES

FOREST:FOREST: CaxiianCaxiianãã Reserve (areaReserve (area == 33.000 km33.000 km22),), MelgaMelgaççoo, PA , PA 
(01(01°°4242’’3030’’’’S; 51S; 51°°3131’’4545’’’’W), about 500 km from the Atlantic Ocean, W), about 500 km from the Atlantic Ocean, 
with 85% of the terrawith 85% of the terra firmefirme forest and canopy height about 30forest and canopy height about 30--40 m40 m.   .   
SoilSoil: : LatossoloLatossolo amarelo amarelo distrdistróóficofico, , Clay (53%), silt (10%) and sand Clay (53%), silt (10%) and sand 
(37%) (37%) 

PASTUREPASTURE:: Fazenda ArarunaFazenda Araruna,, SoureSoure,, MarajMarajóó Island (00Island (00°°4343’’2525’’’’S; S; 
4848°°3030’’2929’’’’W), with natural grass (height of 0.30 m); shrubs about W), with natural grass (height of 0.30 m); shrubs about 
500 m away from the site.500 m away from the site.
SoilSoil : Sandy soil, not yet identified: Sandy soil, not yet identified..

NATURAL MANGROVENATURAL MANGROVE:: TracuateuaTracuateua Island,Island, BraganBraganççaa, PA , PA 
((00°°5050’’3131’’’’S; 46S; 46°°3838’’5656’’’’WW ), with a canopy height of 20 m, with ), with a canopy height of 20 m, with 
periodic seawater invasion. periodic seawater invasion. 
SoilSoil: clay (65%), silt (27%) and fine sand (8%): clay (65%), silt (27%) and fine sand (8%)

DEGRADED MANGROVEDEGRADED MANGROVE:: TracuateuaTracuateua Island,Island, BraganBraganççaa, PA, , PA, 
about 10 km from the coast (about 10 km from the coast (00°°5555’’35,935,9’’’’S; 46S; 46°°4242’’18,118,1’’’’WW))
SoilSoil:: Bare soil, not yet identifiedBare soil, not yet identified

AGRICULTURAL AGRICULTURAL : : Fazenda Escola da Universidade Federal Rural Fazenda Escola da Universidade Federal Rural 
da Amazda Amazôônia, Municnia, Municíípio de Igarappio de Igarapéé AAççu, u, aboutabout 110 km 110 km away fromaway from
BelBeléém, (m, (between between 00°° 55' 55' -- 0101°° 20' S and  4720' S and  47°° 20' 20' -- 4747°° 50' W )                  50' W )                  
SoilSoil:: Grass soil, not yet identifiedGrass soil, not yet identified

**Author  emailAuthor  email: : reginaregina@cptec.inpe.@cptec.inpe.brbr
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