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Page 58.

RENOTE INDICATION OF THE NOISTURE SUPPLIES OF THE A TNOSPHE RE AND THE

UNDERLY iNG SURFACE .

IL Ta.. Kondrat ’yev , V. V. Nelent ’yev , I. Rabinovich , Ye. N.

Shul ‘gin.

(GGO (Ham Geophysical Observatory )).

The solution to the problea of the adequate estimation of the

wa ter resources of the atmosphere , marine an d river basins , moisture

supplies of soil, the acquiring ever acre important practical value ,

is hinder/ha .pere~ by the insufficiency of available observations

(7). One Of the most promising methods of obtaining the missing

information it is connec ted with the use of possibilities of t he

remots indication . The remote indication of the natural medium is

ba sed on research on the field of the outgoing el ectromagn etic

radiat ion of system the Earth — atmospher. whose quantit ative
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charactetistics depend on the parameters, which are determined by the

Froperties of the underlying surface and atmospheres (6. 10).

This survey is dedicated to the discussion of the different

aspects of microwave remote indication of the moisture supplies of

the atmosphere an d soil, based on the use measure ment data of radio

emission in centimeter band , which has a series of advantages in

comparison wit h use for the analogous target/purposes of these

measurements in the infrared and visible regions of the spectrum. The

basic special feature/peculiarit y of the radio emission of ran ge

0.5—10 cm is its large informativeness. So, the  ra dio emission of

wavelengths of more than 3 cm passes through the atmosphere (even

containing the clouds of large liquid— water content and hydrometeors)

almost without weakening. This means that the receiving radiometric

instrument ation , establish/installed on flight vehicle, ob tains the

information about surface condition of the earth, includin g

information about the state of water surface, the moisture supply of

the surface layers of soil, since, as it will be shown below , the

humidity of soil to a considerable degree determines its rad io

emission. On the other hand , the eaissio*/radiatiou of shorter

wa velength s (0.5— 2 cm) substantially is attenuate/weakened in transit

through the atmosphere , the clouds and rasidue ,’settlings. Thus ,

measurin g the radi o emission at these wavelengths , it is possible to

obtain inf or mation about the common/general/total moisture con tent of

— -- ----- ,--~-~~ .-- ; c ’ ’ ’ 5 .~~:~~~ 
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the atmosphe re, wa ter content of clouds, intensity of l iquid

precipitat ions, extent of the zones of residue,settlings.

The studies of the properties of the atmosçhere and the

underlying surface in the centimeter region of the spectrum can be

conducted by the means of active and passive radar. Passive radar (IN

radar) utilizes the highly sensitive radiometric receivers, whic h

record its own noise the radio emission of the atmosphere and the

underlying surface. Such receivers fairly complicated ; however , one

of the advantages of this method before active radar is the absence

of the transmitter which generates pcverful radio pulses.

Page 59.

Small overall sizes, small requirements for the consum ption of energy

make it possible to easily place IN radar equipment on aircraft and

satellites, which makes it possible to obtain the data on the

properties of atmosphere and surface of the Earth on globa l scale (2,

8, 10).

The moisture supplies of the atmosphere. the urgent problem of

satellite meteorology is the determination of common/general/total

moisture content and vertical distribution of the water va por in the

atmospher e (1. 16, 21). In the microwave region of the spectrum,

- ~~~ -- -__- -  - 
_ _ _  _ _ _ _ _ _ _
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there is line of the absorption of water  vapo [ at wavelength 1.35 cm

which is not overlapped by other lines of absorption. Measurement

data of em ission/radiation in this line can be used for the solution

of the problem of the remote indication of the moisture supplies of

the at mosphere. The width of line X = 1.35 cm is approxima tely 0.1

ci ’, and the dependence of the coefficient of the absorpt ion of the

water vapor on frequency V. pressure P an d temperature ? is

det etmimed by the following formula:

N 2 —6441T A A
-2~ 

V ‘-“~P
aHIo= I U.) ’ JU Ir ’~ t (v—v o)2 +A v ~

2 (v+v o)2+Av~
2

(I)

where N is a quant i ty of molecules H 20 per unit of volume, V.’ —

resonance frequency, ~~~~~“ . — the h a l f — b r e a d t h  of line, caused by

intermolec ular collisi ons;

Av,=2,62’ 10’ (T/318)~ 
(1+0,0046 ~) ~ 

— I
, (2)

where P is atmospheric pressure, p is density H,O in g/m 3. One should

in this case note that the problem of the duct of spectral lines

still does not have the conventional solution (for example, see

(3 *)) .
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The initial measured value during the solution of the problem of

the remote indicat ion in question is the radio brightness temperature

of system the Earth — atmosphere. The determination of this value by

the integration of the equation of transfer of microwave

emission/radiation is led to the following formula, which indicates

cemmunication/connection between the measured value of rad io

bcightness temperature and the unknown parameters.

— •, $P4z h — ~ec e,
T, = e T~e ° ± sec 0~ T (z) ~ e di +

2n ,ip

+ { Sdq ’ ~ r (6 1,q 1, O’ , p’) sin 0’ cosO’ d& ’ x

- -s.~ ø’f ~ dz~ 1 _
~ ece , f ~~tz

x 
[

sec e? S T (z)~e . • d~ J 
e (3)

where Tp is temperature of the underlying surface; T(z) — the

tempe rature of air ; ~ is a total coefficient of weakening in water

vapor, oxy gen and other atmospheric gases; 9’, #‘  — the angular

coordinates of incident radiation; 9, — sighting angle; •1 — the

azimuth of sighting; ~ is the emissivity of the underlying surface;

r(G,, 0~, 0’, 0’) — the brightness coefficient of the earth’s

surface; k is the height/altitude at which is placed the radiation

— —.. 5- - ...-‘ ~~~~~- -~~~~
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detector; z is a vertical coordinate.

Page 60.

First term in formula (3) determines the emission/radiation of

the earth’s surface, wea kened by the layer of the atmosphe re and

reaching the height/altitude at which is arrange/located the

radiation detector, the second — emiss iom/radiation of the layer  of

the atmosphere from the level of the earth’s surface to

height/altitude h, the third — emission/radiation of an entire

thickness of the atmosphere , is reflected fro.  the earth’ s surface

tha t  which was weakened by the layer of the atmosphere f r o m  the level

of the Earth to he igh t/ a l t i tude  h.

From formula  (3) it follows ; that  the measured radio br ightness

tempe rature depends on temperature , pressure, and the conten t of the

water vapor. As shown in work (16].  th i s  is made it possible , in

particular, to util ize measurement data of radio brightness

temperat ur e for determining the common/general/ tota l con tent  of the

wa ter vapor in the atmosphere.

Figures 1 (16]  gives the results of the calculations of the

radio brig htness temperatures of system the Ear th  — atmosphere ~ =

1.35 cm) depending on a quantity of precipitated water in entire

— . - — -—--‘~~~- ? r  -~~ 
- -

- - 
_ _ _ _ _ _ _ _ _ _ _ _ _  4
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thicker at mosphere ; here are given the results of aircraft

measur e.en ts.
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Pig. 1. Radio emission of system Earth — atmosphere CX = 1.35 cm );

sea wa ter (T,..29rK.*0O/oo). 1 — T0 = 288 °K , 2 — a 293°K, 3 —

‘r 0 = 298°K, 4 — T 0 = 303°K, fresh water (T ,s~ 273 K) : 5 — =

273°K , 6 — T 0 = 278°K ; fresh water (T ,=283~K) 7 — T0 = 278°K,

8 — T 0 = 283°K, 9 — = 288°K; fresh water - (T,~~293 K) : 10.—T0

= 288°K, 11—T 0 = 293°K , 12 —T0 = 298°K , 13 — T. for real

airfoil /profiles, 14 — ex perimen tal ~~ .. T0 — tem pera tur e of a ir of

the surface of the Ea r th .

Page 61.

Work ( 1 6 ]  also sh3vs, tha t  on the measurements  of radio br ight ness

temperature can be not only determined common/general/total content

of the water vapo r in t he  atmos phere , but also is restore/reduced the

eleva tion profile of h umi dity — dur ing  the  use of several f requenc ies

within absorption band.

Measurement data of the outgoing radiotherua l emission/radiat ion

are especially informa tive from the point of view of determini ng the

characteristics of powerful cloud formation/educations and detection

of the zones of residue/settlings on regional and globa l scales. The

radio emission of clouds and precipitation in micr owa ve range

essentially d i f f e r s  in value from the emission/radiat ion of the

- - • -
. . • - P : ’ - - -

lb. — — —- 5 - -- .— -—- ----— —5 —--- —5— p 
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cloudless atmos phere. In the real cases of cloud fo rmat ion/ educa t ions

and residue/settlinqs, the optical thickness T composes less than

0.5, but the probabil i ty  of the surv iva l  of q u a n t u m  ~~~~ Since

stratified clouds and feeble residue/settlings have thickness v,

which do not exceed 0.2, X.==0,02—0,04. th e calcula tion s of

microwave emission/radiat io n can be performed wi thout  t ak ing  into

account of scattering by the f o r m u l a

T,= ( I  —R) T~e~ —- ‘+ T(l —e-t ‘) + R T (I  _e-t °) e- ’ see I, (4)

where T, is temperature of spreading surface, t — the t e m p e r a t u r e  of

the medium in which occurs the r ad i a t ion  t r a n s f e r , i. — the opt ical

thickness of layer, 9 — an angle between t h e  s tandard  to layer and

the s ight ing direction , B — the  coeff ic ient  of reflection of the

under ly ing  surface .

As shown in work (17], from the examina t ion of theore tical an d

experimental data, it follows that for the detection of the zones of

cloudiness and residue/settlings it is expedient to utilize

.easurement data on two wavelengths: 0.8 and 3.2 cm. On X = 0.8 cm is

obtained the greatest radio brightness contrast, and range 3.2 cm is

necessary for de te rmin ing  form and t empera tu re  of the under ly i ng

surface, and also the residue/settlings at the presence of multilevel

cloud cover.
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The measureme nts, made with the aid of the lB radar equipment ,

establish/installed on ISZ [artificial earth satellite]

NKosmos.2~ 3N (15], made it possible to obtain the statistica l

evaluations of water vapor and drop water above oceans. It was

reveal/detected that the average/lean latitudinal distribution of

integral humid i ty  above calm , the At lan t ic  and Indian by oceans is

similar. Work  (15] shows, that  the  average/mean l iquid—water  conte nt

w~~0,2 kg/n2, i.e., approximately 10/0 of water is found in

liquid—dro p state. measurements were made from 23 to 27 September

1968. In accordance with season, the content of the water vapor and

drop moisture in the atmosphere is approx ima tel y 1.5 times more in

the Northern Hemis phere, than in south , with the average on

terrestial globe of approximatel y 2.4 g/cm Z.

-- --5 - -5 -- . - .~~~ -
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Fig. 2. airfoil/profiles of radio brightness tem~~ratnre T. on waves

0.8 cm (a) and 1.35 cm (b), wa ter supply of clouds Q and moisture

content of atmosphere w at of intersection wi th  orbit of sat ellite of

frontal cloudiness.

Key: (1). kg/n2. (2). South latitude. (3). g/cmt.
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Page 62.

Figures 2 gives the profiles of radio bright ness temperature at

wavelengths 0.8 (a) and 1.35 cm (b), the water supply of cloud s and

the moisture content of the atmosphere during the intersection by the

projection of the  orbit  of satellite “Ko smo s—2 1$3” of f r o n t a l

cloudiness (on 214 September 1968, Indian Ocean, the lSth turn) (1].

Thus, utilizin g spectral data on the field of the radio emission

of system the Earth — the atmosphere, it is possible to obtain  the

data on the common/general/total  content of liquid and vaporous

moist ure in  the at mosphere in global scale.

The moisture  supplies of soil. In recent years has been proposed

a whole series of the methods of the  remote sensing of the h u m i d i t y

of soils (31) ,  which can be realized with agree, that the

observations are accompanied by an estimate of the cloud cover, and,

furthermore, are preliminary data about the observed terri tory

(character of soil, the type of coverings). Their number includes

following methods.

1. Method of determining humidi ty  f rom measuremen t da ta of solar 

5-- 5 .._..~~~~~L.. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ 5- . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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radiation reflected into close of infrared region (1.0—1.5 pa) , whic h

is based on that fact that reflectivity strongly it decreases with

increase in humidity (32]. The estimaticn of the real possibilities

of this method, which is characterized by comparative simp licity, is

hinder/ham pered by the facts that  thus  fa r  are still i n s u f f i c i en t  the

data , which character ize  the numer ical ratios Letween re f l ectivity

and humidi ty .  The m a j o r i t y  of these acccrding to r e f l e c t i v i t y  soils

is related to dry materials (9, 36]. In this case, is note d powerful

effect on the reflection of roughness and surface slope whic h in many

instances cannot be known .  Fur thermore , the  dependence of

ref lect ivi ty on the  type  of soils in cer ta in cases is more tha n from

humid i ty,  f ina l ly ,  the  most main  lies in the fact that the method in

question is ina ppl icable in the  presence of cloudiness. Even wi th  the

cloud less atmos phere the solution of problem is complicated by the

need for account f o r  the  t r ans fo rming  emission/radiat ion e f f e c t of

the intermediate thickness of the atmosphe re.

2. Is much more sensitive to humidity changes degree of

polarization that which  was reflected by soi l of world/ l ight  in

visible region , tha t  gave grounds for developing polarizat iona].

method (36 ]. It is important also that  in this case considerably pai n

the weak dependence on the type of soils and roughness. The degree of

polarization of reflected light strongly depe nds, however , on phase

angle. Conducting satellite measurements  at o p t i m u m  angle of

5-- — ~~~~~~~~~~ - _ _ _  ~~~ —~~~-~~~~~~~~~~~~~ ——_~~~~~~~~~~ - 5- — -  -~~~~~~~~~~~~~~~~~~~~~~~~
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approximately 100 is possible only in the nar row region of the very

high latitudes. To the advant a ges of polarizat ional  method they  are

related high resolving abi l i ty  and the possibility of its use without

the need for the realization of any other measurements. Fundamenta l

- - deficiency/lacks are the nonrealizability of method in the pre sence

of cloud iness and the need for the  accoun t of the  effect of the

thickness of the atmosphere.

- - 3. Increase in heat capacity of soil with an increase of

humid i ty  creates contrast  of temperatures of sur face, and

consequent ly, ther mal rad iation of humid and dry sections of soil,

wh ich serves physical as basis of method of determination of moisture

content from measurement data of infrared thermal radiation. in work

(35], for example, it was established that in night time the

temperat ur e of hun id sections and surfaces of wat er approx imately 7°

is higher than the tempera ture  of the sections of dry soil.

Un fortunat el y, not smaller  tha n hua id i ty,  e f fec t  on in f ra red

emission/radiation exert the texture, the thermal conductivity and

some other characteristics of soil and at present obtained reliable

approaches for the separation of these effects.

1$. Method of hu.idity measurement , close in physical nature to

method of passive radar, consists in measurement of reflectivity of

coverings, which depends on humidity, wit h the aid of active radar
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(18—20 , 27].

Page 63.

Ho wever , the important  advantage  of this  method — the possibility of

the immediate de te rmina t ion  of re f lec t iv i ty ,  not connected wit h

addit ional change of the radiat ion t empera tu re  of surface in the

infra red region of the spec trum, unfor tunately does not com pensate
- I for its deficiency/ lacks, caused by the strong dependence of the echo

signa l from roughness, the composition of soil and , most i mportant ly ,

by the complexity of tool house technicians.

5. Let us pause in more detail at discussion of possibilities of

determining h u m i d i t y  of soil wi th  the  aid of method of passive radar

(3. 11, 26, 31).

The radio brightness temperature of soil, measured in the

direction of standard, is determined as follows:

T.= e (w) J a ( w.z ) T ( z ) exp ( _j a ( z ’.w) dz’) dz . (5)

h~~s ~~~i&~) — the  emissivity of soil; m ( w , z) - the absorption

coefficient; T(z)  — t empera tu re  prof i le  in soil; w , z is humid ity and

vertical ccordinate respectively.

— 5 - 5  ~•
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Tb. e.issivity of soil depends both on its properties (soil

composition, its electrical para meters, the special

feature/peculiarities from distribution accor d ing to depth) an d on

the characteristics of interface (smoot hness or the  roughness, the

presence of coverings).

For a smooth surface or the surface a radius of rough ness of

wh ich is muc h greater than wavelength, rad iat ion coefficieat~~~”)

can be det er mined t hrough the factor of specular reflection R ( v ) , if

the radiat ing layer of soil is u n i f o r m  in the depth:

(6)

We obtained expressions for the  coefficients of reflection of

soil , linear—heterogeneous in depth. The analysis  of these

expressions showe d tha t  for real soils the effect  of heter ogeneity on

reflection coefficient small and in the first approximation, these

coefficients can be calculated from Fresnel’s formulas (only at long

wa ve lengths, on the order of 60 cm , for the soils, w hich have dry

surface, the effect of heterogeneity is substantial).

ra that case the radiation coefficient is determined dielectric

by the permeabilit y of the med ium which for soil in microw ave range

bears real character. The real part of the dielectric constant of

sand and clay and the absorption coefficient linearly grow/rise with 

- —5--- ---.5-———.— - -5- ‘--5 -- 
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an increase in h u m i d i t y  ( 13] .  Thus , the radio brightness temperature

of soil is the functional of temperature and humidities. Therefore in

the general case the proble. of remote sensing lust be the study both

of the characteristics of moisture content and the tem pera ture

conditions of soil.

Thu s, as the physical basis of the possibili ty of the

determination of the moisture content of soil with the aid of passive

radar serves the fact that with an increase in the humidit y increases

the dielectric constant of soil and , therefot e, it decreases its

emissivity and radio br ightre ss  te m perature.

Page 614.

The fact of a decrease in the radio brightness temperature with

an increase in the h u m i d i t y  of soil dist inct ly is outlined d u r i n g

treatment/working measurement data of microwa ve emission/radiation

f rom ISZ “Kosmo s—2 14 3” at wavelengths 0.8-8.5 cm . In works t2, 31, it

is noted tha t a reduction in the radio clearness of the sections of

continents to 30—50° is observed in the pLaces of moisteni ng

coverings where emissivi ty factor does not exceed 0.7—0.8.

The data of the  ground—based measurement s of radio br ight ness

tempera ture  conf i rm the  fact of its dependence on humidi ty  ( 30, 37 ).
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The made in work (28] measurements of the radio brightness

temperature at wavelengths 21. 2.2 and 0.81 cm under the

controlled/inspected terrestrial conditions showed that its

sensitivity to surface humidity changed from 9°K for a wavelength

0.81 cm up to 12°K for a wavelen gth 2.2 cm during humidity change

from 9.5 to lllo/o. An even highr sensitivity to humidit y was observed

at wavelen gt h 21 cm: ~T. 4 1 8  Analogous results are given in

work (26 ).

The authors C 29) undertook an attempt at the determination of

opt imum s ight ing  angle for  the sounding of h u m i d i t y .  It turned out

that at wa velength 0.97 cm there is a stron g dependence of radio

br ightness tempera ture  from humi dity at all si ghting an gles dur in g

horizontal polarizatio r , but on vertical — at ang les less than 500 .

Somewhat different sensitivity of the rad- o brightness tem perature to

humid i ty ,  indicated by the d i f f e r en t  authors  in the  named works , can

be explained by the noni dentity of observation conditions. In review

pa per (23 ) it is noted , that the typical sensit ivity of ra dio

brightness tempera ture  to moisture is 3—5°K per lo/o.

The vast statistical material , obt ained as a result of

t rea tment/working  measurement data of microwave emission/r adiation

from satellite RKosmos_243~ , made it possible to establish/i nstall

the linear character of a decrease in the radio br ightn.ss

L . - - - .. .~~~
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temperatur e with an increase of humid i ty  at wavelengt hs 3.4 and 8.5

cm during the measurements abo ve cul tutal  landsca pe (5) .

It should be noted that all works enumerated above are dedicated

in essence to the qualitative investigation of the depende nce of

radio brig htness temperature  f rom the humidi t y of soil. The authors

of these works are not proposed the determination of quant itative

communica tion/connections betw een the radiat ion field and moisture or

any procedures of the quan t i t a t ive de t e rmina t ion  of moisture content.

However, recently appeared a series of the works in which are made

the attempts to th eoretically or experime ntally solve the inverse

problem of de termining the physical parameters  of soil in the field

of its the rmal emission/radiat ion.

In works (‘11 , 12], is theoretically obtained system of

equations, which relate the physical parameters of the sur face layer

of soil with the radio brightness temperature of its

emission/rad iation. Solution to these equations makes it possible to

determine the value of humidity, gradient of temperature and othe~.

parameters of soil by ieasureaez~t data of radio brigh tness

temperature at several wave lengths of microwa ve range. Is proposed

the differential procedure of the measurement of the components of

the radio brightness temp rature , sensitive to changes sub—sur face

parameters of soil.
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Work (II ) is among of first experimental studies into which is

solved the reve rse/inverse proble. of the determinat ion of moisture

content fro. the data of radiometric measurements.  The use of results

of the ground—based measurements of radio emission at wavelength 10

cm made it possible to obtain the satisfactory quantitative

conformity of the values of h u m i d i t y ,  determined by radiometr ic

method wit h the use of a ca lcula ted depen dence of the coef ficient of

polarization on humidity, and these direct measurements.

Page 65.

It should be noted; that this procedure of the solution to the inverse

problem in question can be used only under conditions of the

stationary controlled/inspected experiment, which assum es knowledge

of the type of soil and its uniformity within the limits of

effectively radiation layer.

The problem of the determination of moisture content under

natural conditions for the data of radiometric measurements becomes

complicated another dependence of radio emission on the temperature

of th. medium, and also of state and degree of the surface roughness.

Tb. roughness of the surface, the presenc. of coverings ma sk the 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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dependence of ra diosetric temperature from h u m i d i t y  (28].  In

experimental work (37 ] is reveal/detected an increase in the radio

br ightness temperature of the vertically polarized radiation at

wavelength 2.2 cm with an increase of roughness, that under

conditions of uncontrollable experiment could be interpreted as fall

in the humidity of soil.

Effect ive radiation layer in microwave range depending on

wa velength has an ex ten t  from several cent imeters  to meters ( 2 2 — 2 4 ].

This circumstance makes it possible to assign the missions of the

sounding  of the sub—surface  properties of the medium , esti mation of

the a i r foi l/ profile of temperature and h u m i d i t y ,  since under  na tura l

conditions the vertica l dis tr ibut ion of the  latter is nonh omogeneous.

It is natura l  that  the solution of problems is possible only  on the

basis of the use of results of the spec tral measuremen ts of ra dio

br ightness temperature  [1$ , 11, 22 , 23 , 31 ).

Is known at  present only one experimental work (33],in  which is

undertaken the atte.pt to rate/estimate the distribution of a

quanti ty of water in soil accord ing to depth  according to measurement

data of radio brig h tness tempera ture  at  four  wavelengths — 0.81, 2.2,

6.0 and 21.4 cm. By the au thors (33] is noted a good agree ment of

these radiomet r ic and direct measurements of humidi ty .  However , as

were indicated authors themselves, the procedure of experi mental

_ _  -- —‘- 
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studies in some measure “w as intuitive”, on he has theoret ical

substantiation. Fur thermore , the analysis of the  given in this wor k

results of restoring the airfoil/profile of humidity shows that the

best fit with data of direct measurements is reached with the

constant or insignificantly changing in depth humidity. In the sam e

cases when humidity is variable, i.e., when the restoration/reduction

of its vertical d is t r ibut ion is most interest ing,  they are observed

considerable disagreements.

As can be seen f rom survey/coverage of the literature , dedicated

to the problem of the determinat ion of mois ture  content f r o m

ra diometric observa tions, this problem is com plex an d requi r es

fur the r  st udy. From the viewpoint of theoretical  studies of the

problem of ser ious a t t en t ion, deserves the composite fo rmu lati on of

the problem. at the composite fo rmula t ion  of t he  pr oblem of a

variation in the radio brightness tempe rature or, they are

determined by chan ges in all varia ble parameters of equa tion (5):

6 T,=A 6t(wo)+Ar6 T+A~6 
W. (7)

Page 66.

To evaluate  t he  values of variations and effect of the unknown

parameters of the physical state of soil you obtained the analy t ica l

H  
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expression of the radio brightness temperature of the layer of soil

during a l inear w i t h  depth change in the temperature  and h umidi ty

(with the output of temperature to constant value at certain depth)

f dT /uo\ ’fa / 1  3 u~
2

~~~~~~~~~
j_ “

~~~~~~~~

3 ~~ 2
— --

~~

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

(8)

where T0 is soil sur face temperature w hich ca~ be determined by the

data of infrared measurements; ãF/dz is an average/mean gradient of

the t empera tu re  in soil , a c, and ~~ 
— t h e  coef f ic ien ts  of t he

absorption of soil of surface and at that  dep th  beg inning  with  which

temperature of soil it is possible to consider constant;  a — the

gradient of the absorption coefficient ; D (1/2, 3/2, x) is the

de generate h ype rgeometric f unction .

The analysis of this  expression shows tha t  the  possib il it ies of

restoring the characteristics of humidity depend on the degree of the

nonisotheraicity of temperature profile. It is obvious tha t in the

case of isothermy is possib le only the determination of the  moisture

content of near—surface layer, which determines the emissivi ty of

soil (4].

Wumerical experiment for a series of the real, airfoil/profiles
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of tempe rature and humid i ty  confirmed the dat a of model calculations

an d made it possible to draw the conclusion that the radio brightness

tempe rature of soil mos t strongly depends on the  temperat u re of

surface and emissivity of the soil which in  t u r n , is determine d by

the humidity of near—surface layer. So, var iations in the ra dio

brightness temperature  due to humid i ty  change from 3 to 80/0 reach

30_400 depending on wavelen gt h , whi le  the contrasts of radio

brightness t empera tu re  as a result of a chan ge in the dee p

airfoil/prof ile of humi dity or tem pera ture of the soi l by an order of

value are less.

For research on the dependence of the emissivity of the soil on

humidi ty ,  was developed the procedure of the laboratory measuremen ts

of the emissivity which makes it possible to measure the radiation

coefficients of d i f f e r e n t  surfaces under  s t r ict ly

controlled/inspected conditions (14] .  Under labcrator y condit ions

were made the measurements of the radiation coefficients of the

specimen/samples of the soils whose results were compa red wi th

calculations.

Figures 3 depicts calculated curves of the emissivity of sand

and clay depending on humidity at wavelength 3.2 cm. By points are

not•d the results of measurements for sand at the sa•e wavelength. As

can be sea n from figure , the emissivity of sand is the strongly
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changing characteristic. With  an increase in t he  humid i ty  from 3 to

lSo/o, the eaissivity decreases from 0.93 to 0.65. As is known , the

value of the complete moisture capacit y of sand—podzolic soils is

approximately 20—25o/o, emissivity in thi s case at wavelen gt h 3.2 cm

• proves to be equal to 0.61. Thus, and experiment, an d calculat ion

they ind icate the considera ble depen dence of the emission/radiation

of sand on its humidity: contrasts of radio bright ness temperatures

because of a chang e in the emissivity compose several dozen degrees.

.5--- -- 
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Fig. 3. De pendence of emissivi ty on h u m i d i ty  at wavelengt h 3.2 cm 1 —

sand ; 2 — clay (points are exper imenta l  values) .

Page 67.

For research on the possibilities of the remote indication of

the characteristics of surface layer, were made the investigations of

the emitting properties of different real coverings (table) in the

range of wavelengths 0.8— 3.2 cm. Data of this table are acquired by 

1T :-- 
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means of the averaging of the large number of uniform measurements,

which shoved that the emissivity of the investigated specimen/samples

changes sufficiently considerably. For vet and dry sand is

investigated the dependence of their emitting ability on wavelength

and in thi s case it is reveal/detected tha t wi th an increa se in the

latter the reflection increases. The e f fec t of hu midity on all

wavelengths is equal: the emissivity of the underlying sur face

decreases with an incr ease in the l iquid—wate r content.

Thus , the theoretical and exper imental  studies of the f ie ld of

the radiotherma l emission/radiation of system the Earth - the

atmosphere, successful experimen t in radiotherial  measuremen ts from

ISZ “Kosmos—243” show the prospect of the methods of IR radar  for the

remote ind ication of the moisture supplies of atmosphere an d upper

layer of soil.
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( (~3j ~~~~~~~~ 4../ 
~~~~~Biij~ noBepxHocTN , (r~2J Kp~rKoe OnHCaNlle 

~ OJ)Hbl CM cnoco6-
NOCTh

/‘5J)Jecox P~qno~, cpeAHe* xpynHoc~~; noBepxHocrb poBHaR,
- ToJrn~Hua CJIO~ 4~) CM, cyxoft f 1 .6 0.933

“7) ‘ ~0,8 0,939
Pequol% , MoxpuI4, noBepxHocrb poBHa~I. To ltUHHa

CJIOB 25 CM 3,2 0,749
‘ff1 

- 
1,6 0,769

PeqHO~, BJ1a~4~HOC1b)O
w= 3 ,4 %  3,2 0,927
w= 10% 3,2 -0 ,703(9’s ‘ 

~~v = = 14,5% 3.2 0 ,655
TpaBs~Ho9 noxpoB ‘

~ hlcoTa TpaaH 15—20 CM, io.nwiiua c.nos, no’ini.i
20 CM, cyxo 1~ 3.2 0 ,935

C’!) 1.6 0 ,961
To *e - Moicp&fl, 8blCOT~ TpaBW 15—20 tji , io.~wu~a c.nos

noqabi 20 ci. 3,2 0,890

key: (1). the type of surface. (2). Short description. (3) .

Wa velength , e,~v (4 ) .  Emissivity. (5) . Sand.. (6) .. River , av erage/mean

size; surface even, thickness of the layer 25 cm , dry. (7) . Ri ver ,

vet, surface even , thickness of the layer 25 cm. (8) . Rive r, by

humidi ty .  (9) . Th. vegetation. (10) . Height/alti tude of grass 15—20 

•
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cm , the thic kness of the layer of soil 20 cm, dry. (11). The same.

(12). Wet, the height/altitude of grass 15—20 cm, the thickness of

the layer of soil 20 cm.
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