
254

. .
1
, . .

2
, . .

1
, . .

2
, . .

2

1

, 119333, . , 3. E-mail: muzylev@aqua.laser.ru
2

 “ -  " "

, 123242, . ., 7. E-mail: uspensky@planet.iitp.ru

-  " - - "

(SVAT), ,

-

. -

 ( ),  AVHRR (  NOAA)  

 MODIS (  EOS Terra  Aqua). 

10000 2  2005-2008 .

 SVAT -

 LAI, -

 B ,

,  AVHRR  MODIS. -

 LAI, B , . -

-

,

 LAI, B .

.

- -

 “ - - ”

 ( ) ,

.

- -

-

,

, , . -

 SVAT 

, .

: 1) -

 AVHRR/NOAA  Tsg -

 E,  Ta, -

 Ts.eff,  NDVI, -

 B  LAI, 



255

MODIS/EOS Terra  Aqua – sg, , NDVI, LAI; 2)  SVAT, -

; 3) -

,

.  7460 
2
,  2005-2008 .

 SVAT 

-  SVAT, 

 [1-3], -

. -

, ,

, ,

, g

f

( ) s.  – -

, -

. , -

 –  Eg -

 Ef:   Eg = a·(r·q*(Tg) – qaf)/rag,  Ef = a·(q*(Tf) – qaf) LAI/(ra + rs), -

 LEg  LEf  Hg  Hf :    Hg = a·cp·(Tg – Taf)/rag ,

Hf = a·cp·(Tf – Taf)/raf.    q*(Tg)  q*(Tf) - -

 Tg  Tf; Taf  qaf - -

; cp – ; r – -

; rag  raf – -

; rs – , LAI – ; a – 

, L – .

.

,

.

, -

.

-

.

.

 Tg.

,

.  Tf

.

, , , , , -

,  ( -

) . -



256

, -

. - -

.  SVAT  [2-4]. 

-

. -

, , ,

, . -

, -

, ,  LAI. 

 ( -

)  3 3  (~ 7 5
2
),

 ( -

 AVHRR  1’  1.5’ ).

, -

,

. .

.

 AVHRR  Ta, sg, s.eff, NDVI, E, 

B  LAI,  MODIS – s.eff, , NDVI, LAI,  – 

 Eg, Ef, Hg, Hf , -

 Tf, g s.

Ts
4
 = Ra - Rlf - Rlg,  – 

- , Ra – ; Rlf  Rlg - -

.

(AVHRR/NOAA, MODIS/Aqua  Terra) -

 [2-4]. -

-

 [5], -

a sg. ,

, ,  [5]; 

,  AVHRR . -

a -

. sg

 10.5-

11.5  11.5-12.5 , sg

c [4] .

 Ta, sg, s.eff, NDVI, E, B  LAI -

 2005-2008 .

 AVHRR/NOAA -



257

-

. -

 AVHRR/3  NOAA-18 -

, -

.  Ta, sg, s.eff, NDVI, E, B  LAI 

 3 3 , -

.  Ta, sg s.eff  AVHRR 

.

 ( )

a – 2.0-2.6,  Ts.eff – 2.5-3.7, sg – 3.5-

4.9˚C. s.eff -

,  MODIS, 

, s.eff(MODIS)

s.eff(AVHRR/3)  2.0-3.0°C, s.eff (MODIS) 

 3.5°C. ó

-

 (  +60˚C ), -

.

 SVAT 

: 1) 

 LAI , -

, ; 2) -

-

; 3) 

 LAI, B, -

; 4) -

,

; 5) -

 LAI, B 

 AVHRR  MODIS  2005-2008 .

 LAI  B, 

,  AVHRR [3]  MODIS [4] -

. -

.  LAI 

 LAI 

, -

.  LAI  AVHRR/3 -

: LAI = -2.5 ln(1.2-2·NDVI)  LAI = NDVI·1.71 

+ 0.48  ( .  [3, 4]). 

NDVI = (A2 – A1)/(A2 + A1), 1 2 – ,

AVHRR  1-  2- .  LAI  MODIS -  LP 

DAAC (NASA).  LAI -

,  AVHRR/3 ( ), MODIS 

,  – -



258

f, g s a, sg s.eff

LAI (MODIS),  LAI (AVHRR) 

,  LAI , -

 LAI (AVHRR) . -

, -

,

 (  8  MODIS  – -

 –  AVHRR),  LAI 

(AVHRR)  LAI (MODIS) .

 B  AVHRR -

 = (NDVI – NDVIg)/(NDVIv – NDVIg),  NDVI, 

NDVIg, NDVIv –  – , -

, ,

B = 1- exp( - k·LAI).  k – , -

 [3, 4]  LAI 

f, g s a, sg s.eff

 k  0.40.

f, g s

a, sg s.eff -

 LAI 

 B  AVHRR/3, MODIS .  [4], -

 Tf, -

 AVHRR. -

 Ts.eff - Ts  Tsg - Tg  LAI  B -

, -

.  LAI  B  AVHRR  Ts.eff - Ts, sg - 

g  Ts.eff sg

, -

. -

s.eff(MODIS) c s.eff(AVHRR)  Ts ,

s.eff(MODIS) ,

s.eff  AVHRR/3  MODIS - -

s.eff  AVHRR/3. -

.1( , )  Ts.eff(AVHRR) – 

Ts  Ts.eff(MODIS) – Ts  2008 

.  – -

, , -

.

,

 AVHRR/3  MODIS [4], , -

,

- -

-

.



259 

 

  ,       

 2005-2008 .        AVHRR/3 

 MODIS    .      -

        AVHRR/3  MODIS  

          

  AVHRR/3,        -

          

   .      -

          -

   .  

 

 
. 1.      

T1 = Ts.eff (AVHRR) – Ts ( ),  T2 = Ts.eff (MODIS) – Ts ( )     ,  

  . ,    

~ 5 . 6  2008 ., 14 .   

 

       -

          

         .  -

           -

    AVHRR  MODIS  LAI, B  .  -

      LAI,    AVHRR/3  

 ,      2008 .   .2. 

    B  .   ,   -

          ,  

     ,    

      . -

          

      , -

         -

.        -

   ,     -

 ,    .  

         -

       : 



260 

 

/)Z(z i

n

1i

ijj (
n

1i

ij ),  zj -    (  

,   )  j-   ; Zi -    

  i-    (i =1,2,…, n); ij = 1/dij
2
; dij -   

j-    i-  .       -

        -

 ,           -

    -  . 

 
 

. 2.    LAI,    AVHRR/3  ,  

  . ,  14 .   6  ( )  17  ( ) 2008 . 

 

C   SVAT     

LAI  B,    AVHRR/3  MODIS,   -

    –   Ev,   W, -

   ,          

,   LE   H ,  .  -

    ,   . ,    

2005-2008 .   Ev  W      -

   ,     Ev –   -

  ,       LAI  B.  

     Ev       ( .3). 

         (~ 20-25 %). 

          -

    ,    

   ,     , -

 e  LAI.         

             

 ,       -

 Ev    .      Ev 

   LAI  B   AVHRR/3      -

 MODIS .     W,    -

  LAI  B   AVHRR  MODIS,    -



261 

 

   ,    ( .4).   

      .    -

         , 

           -

   20  40 . 

 

 
. 3.    Ev    2008 .:     

       (1);     

  LAI   AVHRR/3    (2)    (4)  

   LAI   MODIS (3) 

 

 
. 4.     (   ),      

 (1)       LAI  B   AVHRR/3    (2) 

   MODIS (3)    2008 . 

 

         

     LAI     , -

   .     Ev  -

 ,     LAI  ,   

     ,     

   .  ,    -

   [3, 4]       

LAI  B    ,   –    . 



262 

 

 
. 5.    LE,        

 LAI        AVHRR/3  ,  

 . ,  14 .   6  ( )  26  ( ) 2008 . 

 

           

  LAI, B  ,     , -

   ,       -

,           

          . 

 .5      2008 .     

     LE,      

      LAI     AVHRR/3. -

        W     -

 2008 .   . 6.     

    .    -

          -

        -

,         .  

 
.6.  ,         LAI 

      AVHRR/3  ,   

. ,  14 .   6  ( )  24  ( ) 2008 . 



263

.

1.

 AVHRR/NOAA  MODIS/EOS Terra  Aqua.

2. -  " -

- " (SVAT), 

-

. -

 AVHRR  MODIS  LAI, 

 B , -

, .

-

, -

, .

-

 –  10-05-00807. 

1. Kuchment L.S., Startseva Z.P. Sensitivity of evapotranspiration and soil moisture in wheat fields to 

changes in climate and direct effects of carbon dioxide // Hydrol. Sci. J. 1991. V.36.  6. P.631-643. 

2. . ., . ., . , . .

 // , 2002.  5. .68-82.

3. . ., . ., . ., . . -

-

// , 2005.  4. .35-44.

4. . ., . ., . , . ., . .

 c -

 // -

, 2010.  3. .118-133.

5. . ., . . -

 // , 2007.  12. .5-20.

The model of vertical water and heat transfer in the "soil-vegetation-atmosphere" system (SVAT) has been devel-

oped designing for calculation of water and heat balance components as well as vertical soil temperature and mois-

ture distributions and soil surface and foliage temperatures. The model is meant for utilizing estimates of vegetation 

characteristics and land surface temperature (LST) retrieved from AVHRR/NOAA and MODIS/EOS Terra & Aqua 

measurement data in cloud-free conditions. Calculations have been carried out for the part of the Kursk region with 

area about 10000 km2 for vegetation seasons of 2005-2008.

To provide effective assimilation of satellite data in the SVAT model the ability has been investigated to replace 

ground-based estimates of leaf area index LAI, vegetation cover fraction B and LST using as the model parameters 

and input variable, correspondingly, by their AVHRR- or MODIS-based analogues. The approach has been also 

developed to account for space variability of above satellite-derived estimates. The SVAT model calculations of 

water and heat balance components, as well as vegetation cover and soil surface temperatures for region under in-

vestigation have been carried out for different scenarios of LAI and B estimating from AVHRR/3, MODIS, and 

ground-based data for named vegetation seasons. The acceptable accuracy levels of above values assessment have 

been achieved under all scenarios of parameter and input model variable specification. 

Keywords: modeling water and heat transfer, satellite data thematic processing, space variability of land surface 

characteristics.


