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EXPERIMENTAL RESUlTS ON SOll MOISTURE 
CORRELATION WITH THERMAL INFRA-RED DATA 

S,R,J, AXElSSON(l) and B,A, lUNDÉN(2) 

ABSTRACT 

ln order to evaluate aerial thermography for sail moisture mapping, an agricultural 
area in central Sweden was thermally imaged one early aftemoon and the following 
night. Soil samples, taken on 80 places spread over the area, were analysed with 
respect to volumetric water content, grain size distribution, porosity and organic mate
rial. Aluminium plates were put out at the sampling places, to make it possible to 
locate the sites in the thermal images. 

The analysis of the relationship between thermal image data and soil data 
showed a significant correlation between soil moisture and temperature in both the 
daytime and the nighttime imagery. The accuracy increased considerably with the 
addition of meteorological data and soil type information to the interpretation proce
dure. (3) 

INTRODUCTION 
Today it is about ten years since the first results were presented on the use of 

IR thermography for soil water estimation (Idso et al., 1975). The initial experimental 
studies were carried out using ground-based measurements, but very soon airborne 
thermal scanner data were incorporated (e.g. REGINAT,o et al., 1976, SCHMUGGE 
et al., 1978, CIHLAR et al., 1979, HEJ,[JMAN and MOORE 1980, VLCEK and KING 1983). 

Early the combined use of day and night tempe rature data was identified as a 
method for thermal inertia mapping. P,oHN, ,oFFIELD and WATS,oN (1974) applied this 
technique to generate thermal inertia maps for part of ,oman in the Arabian Peninsula 
using data trom the Nimbus satellites. WATS,oN (1975) had earlier deveiloped a 
simulation model which was u,sed at the interpretation. His model was latelr rehned 
by K,AHLE (1977), PRICE (1977), R,oSEMA et al. (1978), PRATT et al. (1979) and 
AXELSS,oN (1977, 1980 and 1983). 

I,n a Swed"i,sh study, LUNDËN (1977) emphasized the needs of mathematical models 
for quantitative interpretation of thermal IR imagery. At the same time, AXELSS,oN 
(1977) developed an improved Fourier model for predictions of the surface temperature 
of bare surfaces. Later on (AXELSS,oN, 1980 and 1983), the potential accuracy of the 
technique and possible improvements using calibrati'on surfaces were s-tud"ied theoretical,ly. 
Smal'I-scale ground-based measurements in order to verify the mode.ling approach wers 
also pedormed. 

This paper presents the results of a more large scale experiment over an agricul
tural area characterized by great variations in soil type and water content. A main 
object of the experiment was to further investigate how the correlation between ther
mal data ·and soil water content in influence'd by variationsi,n soH composition and 
porosity. 
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1. EXPERIMENTAL PROCEDURES 

The experiment was carried out at the end of April 1984 in an agricultural area 
20 miles north of Stockholm. The test area was characterized by bare fields with 
great di-fferences in soil moisture content due to variations in topography and soil 
type. The airborne mission was composed of one flight in the early afternoon, at 13:20 
(true solar time), and another one after midnight (01 :20). During both flights, thermal 
IR line scanner data (8-13 micrometers) were obtained with a 2.5 milliradian sensor 
trom an altitude of 600 m. In addition, black-and-white IR photographs were also 
obtained during the daytime Hight. The we·ather during the mission day was characte
rized by clear sky and low wind speed. Weather data for the mission day and the 
days before were recorded at a meteorological station, put up in the area for this 
occasion. 

The main purpose of the aerial photography was to obtain data over ground sur
face reflectance, an important parameter for the thermal modeling. Albedo was also 
measured in the field, with a hand-held radiometer (0.4-1.1 !-Lm), for each of the 
soil sampling sites. In the mathematical models presented in the sequel, the radio
meter data are used and no comparison has hitherto been done with data from 
the_ aerial photographs. 

ln the test area soil samples (0-5 cm) were collectedin cylindrical metal contai
ners at 80 sites. Three samp·les, chosen to minimize mi'cmtopographical effects, were 
taken at each site. At ni ne of the sites, samples were taken also trom the top 
centimeter. The sampling was carried out dur-ing theafternoon of the mission day 
and should, according to earlier investigations (DANFORS et al., 1977), be representative 
also for the conditions during the night flight. The soil samples were analysed in 
laboratory with respect to volumetric water content, organic matter content, grain 
size distribution (Figure 1) and porosity. 

Figure 1 Triangular soil classification chart showing the results (per cent by weightl 
of the mechanical analysis for the soils trom the 80 samplings sites. 
Triangle indiquant les textures des 80 échantillons. 

For an evaluation of the radiation temperatmes of the sampling sites, it must 
be possible to locate the sites in the thermal image. In order to solve that 
problem, aluminium plates (0.5 X 1.0 m large and 0.15 mm thick) had been put out 
at the 80 sampling places. Because of their extremely lowemissivity « 0.10), the 
plates functioned as reflectors of the cold sky radiatwn, -and they therefore look like 
spots in the thermal imagery (Figure 2). . 
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Figure 2 Thermal images from the airborne mission over the test area, afternoon 
(left) and night (right). The images cover an area about 300 X 700 meters, 
Bright areas are warmer than dark ones; the tempe rature interval for 
the daytime image is + 390 C to + 30 C and for the nighttime image 
00 C to - 8° C. The coldest areas in the daytime image are tree-tops and 
the warmest are dry parts of the bal'e fields. In the nighttime image, 
clearings and fields with a dense grass cover are the coldest, and tree
tops are the warmest. 
An area influenced by groundwater How is marked with arrows in the 
daytime image. Due to temperature influence from the groundwater, sam
pling sites within this area gave anomalous data and were excluded from 
the analysis. 
ln the bare fields the aluminium plates, used to locate the sampling sites, 
can be seen as small cold spots. 

Figure 2 Images thermiques de la zone test (300 X 700 m), prises par avion, J'après· 
midi (gauche) et la nuit (droite). En blanc, les surfaces chaudes, en noir 
les froides. La température de brillance varie de + 3 à + 39° le jour et de 
0° à-8° la nuit. Le jour, les sols nus secs sont les plus chauds. La nuit, 
les défrichements et les sols couverts cie végétation herbacée dense sont 
les plus froids. 
Sur /'image de jour, les flèches indiquent J'influence de la nappe. Les zones 
correspondantes sont exclues de J'analyse. Les plaques d'aluminium servant 
de références, disposées dans les sols nus, apparaissent comme des petites 
taches froides (alignées). 
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For analysis, the thermal scanner data recorded during the flights were digitized 
and displayed on an image processing system. As the lower and upper scanner 
reference signais were also digitized, apparent temperature values could be obtained. 
With a software-control.led curs'Vr and known distance trom aluminium plates to 
sampling sites a 2 meters square was positioned over each site, and the mean 
appar·ent temperature was computed for pixels within the rectangle. The same procedure 
was repeated for ail sites of both afternoon and nighttime imagery. With the 
software in the image processing system, it is possible to make corrections for 
emissivity variations and sky radiation. The thermal radiation of the ground also 
contains a reflected component from the sky. Its magnitude depends on 'tine 
emissivity of the ground surface and the temperature of the sky. An emissivity value 
of 0.96 was chosen for ail sampling sites and the sky temperature was measured 
with a hand-held infrared thermometer to 260 K for the afternoon and 250 K for the 
night. The corrected temperatures were then used in the correlation analysis. 

The relationship between measured data and the soil characteristics were 
analysed at different steps of complexity. First, the unprocessed thermal IR and 
albedo data were correlated to volumetric soil moisture content. Secondly, the diurnal 
surface tempe rature amplitude, mean surface tempemture, net radiation and latent 
heat flux were estimated from the measured thermal IR, albedo and meteorological data. 
These fac1.ms were identHied as potential soi,l moisture indic·ators because of their 
strong coupling to evaporation and thermal inertia. At the third step, finally, the soil 
moisturecontents were correlated to the thermal inertia {Pl and the actual to 
potential evaporation ratio (M). 

At the analys'i's seven sampling sites were excluded, which represented a thermal 
anomaly due to groundwater flow close to the surface (cf. Figure 2). 

II. RAW DATA CORRELATION 

The measured soil moi sture of the 73 sampling sites were first compared with 
the albedo and the day /night temperatures. As a comparison the correlation with the 
diurnal temperature amplitude 

LiT = T - T (1) 
DAY N1GHT 

and the average temperatu.re 

T = (T DAY + T N1GHT)/2 (2) 

were also computed. As shown by the results of Table l, there isa correlation between 
soil water content and the day temperature (p = - 0.62). somewhat higher for the 
night temper·ature (p = 0.69) and a further improvement for the albedo data 
(p = - 0.75). The correlation with the diurnal temperature amplitude (6 T) is - 0.66 
and somewhat ,Iower for the mean temperature (p = - 0.55). 

Table 1 Correlation between volumetrie soil moi sture content (0-5 cm) and measured 
albedo (reflectance in 0.4-1.1 [J.m) , day and night temperatures, diurnal tempe
rature amplitude and average temperature (n = 73). 

Tab. 1 Corrélation entre l'humidité volumique (0-5 cm), l'albedo A (entre 0,4 et 1,1 p.m). 
les températures de brillance de jour T D et les températures de brillance de 
nuit T N' l'amplitude diurne 6 T et la température IR moyenne T (73 échantillons). 

Parameter A T T 6T T 
D N 

Correlation with soil mois-
ture - 0,75 - 0,62 0,69 - 0,66 - 0,55 
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The moderate coupling between soil moisture and the thermal data is due to the 
influence of various interfering factors. As shown by the correlation matrix of Table Il, 
the day jnight tempe ratures are related 1'0 the humus content and albedo. It should 
also be noticed that '~here is a strong relation between water content and the 
humus content of the sail (p = 0.92). The correlation with sand and clay contents is 
fairly low, however. 

1) Albedo influence 

A significantly high correlation was obtained between albedo and soil moisture 
(Table 1). There are several reasons for this effect. The most obvious one is caused 
by the reduced reflectance of a wet surface compared to a dry one. There is also 
an albedo dependence on the soil content of organic material (p = - 0.71). For 
the soils in the test area, there was furthermore a strong correlation between humus 
content and soirl moi sture (p = 0.92). Consequently, sampling sri,tes with high albedo 
represent soils with low humus and water contents, while areas with low albedo are 
representative to humus-ri ch samples with hi'gh so'il moi'sture. These combined 
effects contribute to the enhanced relationship between water content and albedo. 

Table Il Correlation matrix (n 73) 

Matrice de correlation 

T Day IR-temperature POR Porosity (porosité) 
D 

T Night IR-temperature HC 
N 

Humus content (matière organique) 

A = Reflectance in 0.4-1.1 [J.m CC Clay content (argile) 

WC = Water content (0-5 cm) (humidité) SC Sand content (sable) 

T T A WC POR HC CC SC 
D N 

T 1.00 - 0.80 0.46 - 0.62 - 0.32 - 0.53 0.04 0.16 
D 

T - 0.80 1.00 - 0.61 0.69 0.42 0.66 - 0.23 0.04 
N 

A 0.46 - 0.61 1.00 0.75 - 0.70 - 0.71 - 0.28 0.47 

WC - 0.62 0.69 - 0.75 1.00 0.79 0.92 0.24 - 0.50 

POR - 0.32 0.42 - 0.70 0.79 1.00 0.87 0,27 - 0.57 

HC - 0.53 0.66 - 0.71 0.92 0.87 1.00 0.09 - 0.45 

CC 0.04 -- 0.23 - 0.28 0.24 0.27 0.09 1.00 - 0.73 

SC 0.16 0.04 0.47 - 0,50 - 0.57 - 0.45 - 0.73 1.00 

2) Influence of humus content 

The soil samples showed a great val"iation in humus content. In order to investigate 
how this effect influences the accuracy, the data were divided into two sub-sets : 

A. Soil samples with a humus content by weight higher than 10 per cent (n = 35). 

B. Soil samples with humus content lower than 10 per cent (n = 39). 

The results of Table III show a significantly improved correlation between sail 
moisture and thermal data for the humus-rich soil samples. 
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Table III : Correlation between volumetrie water content (0·5 cm) and raw data for two 
different sub·sets with high and low humus contents (HC) respectively. 

rab. III " Corrélation entre l'albedo, les températures de brillance et l'humidité (0-5 cm) 
pour 2 lots c017E'titués à partir du taux de matière organique. 

PARAMETER 
(see Table 1) 

A 

Ail 
(n = 73) 

- 0.75 

0.62 

0.69 

- 0.66 

- 0.55 

SOll MOISTURE CORRELATION 
HC )! 0.1 HC :( 0.1 
(n = 35) (n = 39) 

- 0.50 - 0.47 

-- 0.76 - 0.34 

0.84 0.02 

- 0.80 - 0.31 

- 0.67 - 0.37 

Tha set with low humus content showed a weaker response. In particular, the 
night temperature correlation drops to a very l'ow value (p = 0.02). lAs expected the 
albedo showed a reduced correlation for bath sub-sets (p = 0.50 and - 0.47) cam· 
pared to the correlation of ail the 73 samples. 

3) Influence of sand content 

The influence of the sand content upon the correlation between moisture and 
the measured thermal IR-temperature was also analysed. As shawn by the results in 
Table IV, the correlation between soil moi sture and the thermal data increases sig ni
ficantly when samples wi,th the highest sand contents -are excluded. When the sand 
content is lower than 0.40, the correlation between soil moi sture and the day tempe
rature changes trom - 0.62 to - 0.91. The night temperature correlation is increased 
from 0.69 to 0.88. Aiso the correlation of the temperature amplitude (,i\, T) and the 
mean temperature Cf) improve with decreased sand content. The soil moisture correla
tion with respect to ,i\, T increases to - 0.92 for the sub-set with sand content lower 
than 40 %. 

Table IV : Correlation between volumetrie water content and raw data for varying sand 
content (SC) 

rab. IV. Corrélation entre les températures de brillance et l'humidité (0-5 cm) pour 
3 lots constitués à partir de la teneur en sable. 

PARAMETER 
(see Table 1) 

A 

T 

16 

Ail 
(n = 73) 

- 0.75 

- 0.62 

0.69 

- 0.66 

- 0.55 

SOll MOISTURE CORRELATION 
SC )! 0.60 SC :( 0.60 
(n = 26) (n = 48) 

- 0.64 - 0.70 

- 0.35 - 0.81 

0.71 0.83 

- 0.43 - 0.83 

- 0.26 - 0.76 

SC < 0.40 
(n 19) 

- 0.47 

- 0.91 

0.88 

- 0.92 

- 0.88 
Association Française pour l'Etude du Sol - www.afes.fr - 2010



HUMIDITÉ DU SOL ET INFRAROUGE THERMIOUE 

III. CORRELATION WITH NET RADIATION 
AND LATENT HEAT FLOW 

1) Basic relationships 

ln the preceding section, the s'ail moisture cor'relation of albedo and thermal 
raw data were studied, Furthermore, the day - night temperature difference (6 T) 

and mean temperature (y) were also investigated, An important question is whether 
there are some other parameters, which are sensitive to the wate,r content and can be 
simply derived from the thermal and albedo raw data, 

One such soil moisture indicator is the net radiation (Rn), which is indirectly 
related to soil moisture through albedo (A) and surface temperature (T) : 

Rn = 1 (1 - A) + a E (T4SKY - T4) (3) 

whel'e lis the inci'dent sun radiation, T SKY is the black-body t'emperature of the long
wave sky radiation, Eis ,the emissivity and a is the Stefan"Bolzmann constant, 

From the heat bal'ance equation, we can also express the net radiation as 

Rn = H + LE + 00 (4) 

where H is sensible heat flux, LE is the latent heat flux due to evaporation, and 
00 is the downward soi,1 heat flux, 

The sensible heat flux is proportional to the surface-to-air tempe rature difference 

H = h (T - Ta) (5) 

The factor h in (5) is strongly related to wind-speed, but also surface roughness, 
and stability conditions of t'he lower atmosphere have s,ignificant effects (BUSINGER 
et al., 1971), 

I,n Eq, (4), aninorease of LE and °0 might be expected when soil-moisture 
increases due to enhanced evaporation and thermal conductivity of the soil layer, 
The sum of these twü components is from (4) : 

G = LE + 00 = Rn - H (6) 

ln particular, if diurnal mean values are considered, 0 0 is usually much smaller than 

the other mean fluxes of (4) and (6). This means G = LE, and 

LE = Rn - H (7) 

At the 'analys'is of the exper'imental data, both the net radiation at the day 
measurement (.Rnd) and the day"night mean va!ue (Rn) were computed from Eq, (3) 
with surface temperature (T), albedo (A), and incident (radiation (1 and TSKY ) as input. 

From Eqs. (6) - (7), LE and Gd (i. e. the day value of G) were also derived using 
estimates of the sensible heat flux (H) and net radiation (Rn). 

Table V Soil moisture correlation of raw data and processed data (n = 73) 

Corrélation entre l'humidité des sols pour des données brutes et des don-
nées traitées. 

Parameter TI) TN A 6T T Rn LE 

Soil moisture cor' 
relation - 0,62 0,69 - 0,75 - 0,66 - 0,55 0,81 0,75 0,81 0,80 
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2) Results 

As shown by Table V, the correlation between soil water content and the processed 

data Rn, LE, Rn,!, and Ge!is highlyimproved compared to the correlat:'Dn with the 

thermal raw data. The correlation of Rn, Rnc! and Ge! are ail of the order of 0.8 
compared to 0.69 and - 0.62 for the night and day temperatures. The influence of 
humus/sand contents will be further discussed in the next section. 

IV. lHERMAL INERTIA AND EVAPORATION INDEX 

1) Introduction 

The day and night tempe ratures as weil as net radiation and evaporation depend 
upon both soil characteristics and the meteorological conditions 8t the time of 
acquisition. Some improvements of the results of the data analysis might be 
achieved, if we succeed in determining p8rameters, which are more uniquely related 
to the soil factors. This was the basic ideas of the thermal inertia approach (Watson, 
1975, Kahle 1977, Pr,ice 1977, Rosema et al. 1978, Pratt 1979, Axelsson 1980 and 1983). 
By definition the thermal inertia is relared 1'0 the thermal conductivity (À) and capacity 
(C) of the soil layer according to 

P = vÀC (8) 

Besides a strong dependence on the soil water content, the thermal inertia is 
also influenced by the minerai composition and porosity. 

Another parameter to be used below is the evaporation i'ndex (0 :( M :( 1), 
whichi's defined as theactual to potential evapor,ation rate at the same surface 
temperature. Obviously this parameter should be highly related to the water content 
close to the soil surface. 

At the data analysis the day/night temperatures of the sampling sites are trans
lated 'into thermal ,inertia (P)and evaporation index (M) usi,ng a mathematical model 
which is calibrated trom meteorological data during 96 hours before the time of 
acquisition. From the derived P- and M-values, the correlation with soil moisture 
is finally computed and compared. 

2) Thermal modeling 

The surface temperature of a bare soil surface is controlled by the heat transfer 
at the surface boundary. If a one"dimensional mode,1 is assumed, ,the temperature T (x,t) 
and heat flow 0 (x,t) are determined by 

13T 
0= -Àc,x 

130 
i3x 

d 
--(CT) 

dt 

1 

\ 
(9) 

where t is time, x is depth, /, is the thermal conductivity, and C is the heat 
capacity per unit volume. 

o 
o 

18 

The boundary condition at the surface is determined from Eq. (4) 

(JT 1 /, 13x Rn - H - LE (10) 

x=o 
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3) Finite difference model 

The surface temperature can be computed trom Eqs. (9) and (10) using the 
method of finite difference (Kahl·e 1977). The upper ground layeris then subdivided 
into thin horizontal slices. Before the computer processing starts, the initial tempe
ratures and the parameters involved have to be defined. Temperatures and heat fluxes 
at Ume t = (m + 1) Dt are updated using the heat balance of Eq. (10). 

4) Interpretation algorithms 

At the interpretation, tables of day and night temperatures of the ground surface 
were computed as a function of albedo, thermal inertia and 6vaporation index using 
as input meteorological data trom the test site during a four-day period before the 
acquisition of the thermal data. From the measured thermal IR-temperatures (day and 
night) and albedo estimates, the thermal inertia and evaporation index were determined 
using the inverted tables. 

5) Results 

The results of the computer processing (Table VI) show a significant correlation 
between soil moisture and the thermal inertia (P) and evaporation index (M) when ail 
the s'oH 'samples are considered (p = 0.72 and 0.74). These values are higher than the 
correlation of the thermal raw data. However, a still higher correlation was obtained 

using the ,average latent heat (lE), net radiation (Rncl and Rn), or Gd' see Eq. (6), 
as soi! moisture indicators. 

Table VI Correlation with volumetrie soil moisture content (0-5 cm) for ail sampi es 
and two sub-sets with different humus content (HC). 

Tab. VI Corrélation entre divers paramètres et l'humidité (0-5 cm) pour 2 lots cons
titués à partir du taux cie matière organique. 

PARAMETER 
(see text) 

Ti) 

TN 

A 

DT 

T 

Rn 

lE 

Rnd 

Grl 

M 

P 

Ali 
(n = 73) 

- 0.62 

0.69 

- 0.75 

- 0.66 

- 0.55 

0.81 

0.75 

0.81 

0.80 

0.72 

0.74 

SOll MOISTURE CORRELATION 
HC ~ 0.1 HC ~ 0.1 
(n = 35) (n = 39) 

- 0.76 - 0.34 

0.84 0.02 

- 0.50 - 0.47 

.- 0.78 - 0.31 

- 0.67 - 0.37 

0.65 0.59 

0.70 0.53 

0.66 0.55 

0.74 0.54 

0.70 0.50 

0.83 0.26 
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When two sub-sets with different humus content are formed, the results are 

changed. The correlation of -Rn, lE, Rnel' Gel' A and M are then somewhat reduced. The 
other parameters show an increased soil moisture correlation for humus contents 
~ 0.10, whHe a significant drop occurs for the low"humus set (HC :s; 0.10). 

The results improve further, if instead the samples are divided into sets with 
varying sand contents (Table VII). For a sand content less than 60 % (48 of 73 sam
pies), the soil moisture correlation of both the thermal inertia (P) and evaporation 
index (M) exceed the 80 % level and for SC < 40 %, the correlation coefficient of 
P reaches the 90 % level. Correlation coefficients of the sa me order are also 
obtained for the day and night temperatures and most of the 'other processed thermal 
data. 

looking at the set of sampi es wi,th a sand content higher than 60 %, the 
corre+ation coefficients decrease in general. An obvious correlation (p ~ 0.64) is still 

preserved fol' TN , 'Rn, Rnel' Gel and P, however. 

The soil water contents discussed above represent samples from 0-5cm. Compa
rison with the nine soil samples from 0-1 cm showed improved correlation, but due 
to the limited number no further conclusions are drawn. 

It should be noticed that the albedo correlation to soil moisture is decreased 
for ail the sub-sets in Table VI and VIL 

Table VII Correlation with volumetrie soil moisture content (0-5 cm) for varying sand 
content (SC) 

Tab. VII Corrélation entre divers paramètres et I,'humidité (D-Scm) pour 3 lots 
constitués à partir de la teneur en sable. 

PARAMETER SOll MOISTURE CORRELATION 
(see text) Ail SC ;?o 0.60 SC :s; 0.60 SC < 0.40 

(n = 73) (n = 26) (n = 48) (n 19) 

TJl - 0.62 - 0.35 -- 0.81 - 0.91 

TN 0.69 0.71 0.83 0.88 

A - 0.75 - 0.64 0.70 - 0.47 

6T - 0,66 - 0.43 - 0.83 - 0.92 

T - 0.55 - 0.26 - 0.76 - 0.88 

Rn 0.81 0.67 0.80 0.69 

lE 0.75 0.52 0.82 0.83 

Rn el 0.81 0.69 0.79 0.66 

Gel 0.80 0,64 0.83 0.80 

M 0.72 0.46 0.81 0.85 

P 0.74 0.65 0.84 0.90 
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CONCLUSIONS 

The soil moisture correlation with thermal IR data has been studied for an agri
cultural area with great variations in soil water content (9-60 pel' cent by volume) 
and soil composition (sand content, 29-90 pel' cent by weight, clay content, 2-44 pel' 
cent, and humus content, 1-37 pel' cent). In particular, the potential improvements with 
the addition of meteorological data and soil type information to the interpretation 
procedure were investigated. 

The results of the analysis show that there is a definite correlation between 
the day and night temperatures and the soil water content (p = - 0.62 and 0.69, 
respectively). Significant improvements are possible by using processed data like 
net radiation, evaporation and thermal inertia (p = 0.72-0.81). 

A further increase of the soil moisture correlation (up to - 0.92) was obtained, 
when samples with low humus or high sand content were excluded at the analysis. 
The correlation values of the low-humus sub-set (HG < 10 %) were reduced, however. 
ln particular the night temperature correlation dropped to a very low value (p = 0.02), 
while the net radiation and the evaporation related parameters showed a more moderate 
reduction (p = 0.50-0.59). 

An improved soil moisture correlation should be expected wh en meteorological 
data or soil type information are used at the interpretation, since the air temperature, 
wind speed and net radiation are factors which highly influence the surface tempera
ture. Aiso the soil composition has an obvious effect upon thermal inertia, field 
capacity and diffusion resistance to water transport in the uppermost soil layer. The 
use of thermal inertia and evaporation index at the interpretation might also reduce 
the need for ground truth data in future applications. In order to further verify the 
consistency of the results, additional field experiments should be carried out at 
other soil water status and weather conditions. 

RELATIONS ENTRE L'HUMIDITE DES SOLS ET LES DONNEES DE L'INFRA-ROUGE THER
MIQUE: RESULTATS EXPERIMENTAUX 

Afin d'évaluer l'importance de la thermographie aenenne lors d'un relevé de 
l'humidité du sol, une zone agricole du centre de la Suède a été étudiée successive
ment durant un après -midi et la nuit suivante. Des échantillons de sol ont été préle
vés dans 80 sites de la zone étudiée et ont été analysés pour déterminer le volume 
d'eau, la répartition des éléments granulométriques (figure 1), la porosité et le taux 
de matière organique. Des plaques d'aluminium ont été placées aux endroits où ont 
été prélevés les échantillons, cela afin de permettre de les localiser sur les images 
thermiques (figure 2). 

L'analyse de la relation entre les clonnées des images thermiques et celles 
provenant de l'analyse clu sol a mis en évidence une corrélation significative entre 
l'humidité du sol et la température de l'air, tant le jour que la nuit. La précision 
cles résultats augmente considérablement quand on prend en compte clans l'analyse 
les données météorologiques et les caractéristiques sur la nature clu sol (Iab. 1 à VII). 
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