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1  2013 12 14 07:55(UTC)VIRR 10 ( ) ( )
Figure 1  Reflectivity (brightness temperature) of 10 visible (infrared) channels of VIRR at 07:55 UTC on 14 December 2013 
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2  2013 12 14 MWRI IDW
NNI (	TB) .

(A) (V); (B) (H); (a), (b) 10.65 GHz; (c), 
(d) 18.7 GHz; (e), (f) 23.8 GHz; (g), (h) 36.5 GHz; (i), (j) 89 GHz 
Figure 2  Probability density distribution of the difference between 
calculation brightness temperature and true value (	TB) calculated by 
IDW and NNI method from a whole MWRI track on 14 December 2013. 
(A) vertical polarization channels (V), (B) horizontal polarization 
channels (H); (a), (b) 10.65 GHz; (c), (d) 18.7 GHz; (e), (f) 23.8 GHz; 
(g), (h) 36.5 GHz; (i), (j) 89 GHz 
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3  2013 12 14 MWRI IDW NNI (TB_Real) (TB_c) . (A) IDW ;
(B) NNI ; (a), (b) 10.65V ; (c), (d) 10.65H ; (e), (f) 18.7V ; (g), (h) 18.7H ; (i), (j) 23.8V ; (k), (l) 23.8H ; (m), (n) 36.5V

; (o), (p) 36.5H ; (q), (r) 89V ; (s), (t) 89H
Figure 3  Distribution of real value (TB_Real) and calculated brightness temperature (TB_c) from a whole MWRI track on 14 Dec 2013. (A) IDW 
method; (B) NNI method; (a), (b) 10.65V; (c), (d) 10.65H; (e), (f) 18.7V; (g), (h) 18.7H; (i), (j) 23.8V; (k), (l) 23.8H; (m), (n) 36.5V; (o), (p) 36.5H; 
(q), (r) 89V; (s), (t) 89H
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4  MWRI 10 (A) IDW
(B) . (a), (b) 10.65V ; (c), (d) 10.65H ; (e), (f) 18.7V
; (g), (h) 18.7H ; (i), (j) 23.8V ; (k), (l) 23.8H ; (m), (n) 

36.5V ; (o), (p) 36.5H ; (q), (r) 89V ; (s), (t) 89H
Figure 4  Brightness temperature of MWRI’s 10 channels. (A) Original 
brightness temperature; (B) brightness temperature by IDW method; (a), 
(b) 10.65V; (c), (d) 10.65H; (e), (f) 18.7V; (g), (h) 18.7H; (i), (j) 23.8V; 
(k), (l) 23.8H; (m), (n) 36.5V; (o), (p) 36.5H; (q), (r) 89V; (s), (t) 89H  
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1 IDW (K) 
Table 1  Statistical characteristics of the brightness temperature before and after collocation using IDW method (K) 

 IDW

10.65V 220.28 281.31 254.54 11.79 221.66 280.85 255.20 11.61 1.38 
0.46 0.66 
0.18 

10.65H 175.68 273.70 235.37 16.81 177.66 272.88 234.86 16.64 1.98 
0.82 
0.51 
0.17 

18.7V 204.74 285.54 255.72 13.88 208.34 284.57 255.44 13.73 3.60 
0.97 
0.28 
0.16 

18.7H 146.59 278.22 238.92 18.27 153.25 277.79 237.83 18.00 6.66 
0.43 
1.09 
0.27 

23.8V 190.72 284.61 253.36 15.10 193.08 284.14 252.26 14.97 2.36 
0.47 
1.11 
0.14 

23.8H 138.27 278.10 238.63 19.07 145.76 277.48 237.78 18.73 7.49 
0.62 
0.85 
0.34 

36.5V 164.10 281.83 248.29 17.23 168.92 281.34 246.45 16.92 4.82 
0.49 
1.83 
0.31 

36.5H 127.12 276.73 236.58 19.86 138.22 276.45 236.24 19.14 11.10 
0.28 
0.34 
0.71 

89V 159.98 287.47 248.03 21.64 164.12 285.89 246.36 20.59 4.14 
1.58 
1.67 
1.05 

89H 146.25 284.06 238.09 23.73 152.28 283.08 240.50 22.42 6.03 
0.98 2.41 
1.31 

0.2 K, 1.2 K, 2.7 
K,
(2.5 K), IDW MWRI

, .

2.2 - -

,
,

,
.

,
[30]. ,

.
, ,

. ,
, ;
, ,

. MWRI VIRR
VIRR , ,

.
8(a)

, [31]

,
. 8(b)

, 2.1
VIRR 10.3~ 

11.3 �m ,
, ,

. ,
[32]; ,

(normalized difference 
vegetation index, NDVI) (normalized
difference snow index, NDSI), 

, [33]. 8(c)
- ,

, ,
, .

8(b) :

.
8(a) . 8(b) ,

II
I , ,

, 8(a) , , .
, 8 ,

,
,

[31,33]. 8(c)
, ,

. ,
80.5%, 

;
(false alarm ratio)

All article content, except where otherwise noted, is licensed under a Creative Commons Attribution 3.0 Unported license.
Downloaded to IP: 222.195.83.41 On: 2016-09-20 17:46:21 http://engine.scichina.com/doi/10.1360/N972016-00102



2947

5  MWRI (TB_Real)
(TB_c) . (A) MWRI (V); (B) MWRI

(H); (a), (b) 10.65 GHz; (c), (d) 18.7 GHz; (e), (f) 23.8 GHz; (g), 
(h) 36.5 GHz; (i), (j) 89 GHz 
Figure 5  Distribution of real value (TB_Real) and scaling-up 
brightness temperature (TB_c). (A) Vertical polarization channels (V); 
(B) horizontal polarization channels (H); (a), (b) 10.65 GHz; (c), (d) 18.7 
GHz; (e), (f) 23.8 GHz; (g), (h) 36.5 GHz; (i), (j) 89 GHz 
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7  MWRI ((a), (c)) IDW ((b), (d)) . (c), (d) , 3000 m
Figure 7  Land surface temperature calculated by microwave brightness temperature. (a), (c) Original brightness temperature; (b), (d) brightness 
temperature by IDW method; (c), (d) the enlarged black-box area, black lines for 3000 m contour 

8 . (a) ; t-d, ; t-w, ; s-d, ;
s-w/s-f, / ; t-vw, ; no-snow, ; (b) - ; snow, ; ice, ; mix2, II ; mix1, 

I ; water, ; clear, ; (c) - ; snow, ; c&s, ; c&n-s, ;
clear, 
Figure 8  Cloud and surface features retrieved by collocated data. (a) Snow type identified by microwave brightness temperature which has been 
enhanced calculated resolution; t-d, thick dry snow; t-w, thick wet snow; s-d, shallow dry snow; s-w, shallow wet snow; or s-f, shallow snow under 
forest; t-vw, thick very wet snow; and no-snow, background; (b) cloud-snow distribution identified by synergetic algorithm; ice, ice cloud; mix2, mixed 
cloud II; mix1, mixed cloud I; water, water cloud; and clear, clear sky; (c) distribution of overlayed cloud and snow; c&s, snow and cloud; c&n-s, cloud 
and no-snow; and clear, background 
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A method and its retrieval application for collocating the FY-3 
microwave and VIS/IR data 
CHEN YiLun1, ZHANG AoQi1, FU YunFei1,2, ZHANG Peng3, LU NaiMeng3 & HE Qing4

1 School of Earth and Space Science, University of Science and Technology of China, Hefei 230026, China; 
2 Key Laboratory of Atmosphere Sciences and Satellite Remote Sensing of Anhui Province, Anhui Institute of Meteorological Sciences, Hefei 230031, 

China; 
3 National Satellite Meteorological Center, China Meteorological Administration, Beijing 100081, China; 
4 Institute of Desert Meteorology, China Meteorological Administration, Urumqi 830002, China 

As the second generation polar-orbiting meteorological satellite in China, FY-3 has been in operation for more than 7 
years. Among the several Earth observing instruments, FY-3 is equipped with the Micro-Wave Radiation Imager (MWRI) 
and the Visible and Infrared Radiometer (VIRR), which can observe the global atmosphere, land, and ocean. A combined 
use of the multi-sensor remote sensing observations from FY-3 will enable us to extract comprehensive information of an 
Earth target. The multi-channel MWRI has a good ability to detect clouds and precipitation, although its spatial 
resolution changes with frequency. All VIRR channels have a high spatial resolution, but they can only obtain the 
information on the surface of a target. To get microwave signal at each VIRR pixel and enhance the calculated resolution 
of MWRI, in this study, a method is developed based on the principle of multi-information collocating, so that brightness 
temperature at each MWRI channel is collocated to a VIRR pixel.  

Based on their principle and applicability, the inverse distance weighted (IDW) and the nearest neighbor interpolation 
(NNI) methods were respectively tested in the process of collocating two kinds of data. After comparing the errors of the 
two methods by self-check analysis, IDW method was selected to collocate VIRR and MWRI signals, which results in a 
relatively small error. The result shows that IDW can enhance the calculated resolution of MWRI, while the error is less 
than 1 K at low frequency channels, and less than 3 K at high frequency channels. By analyzing the microwave 
brightness temperatures before and after the collocation at each MWRI channel, the spatial distribution of the collocated 
microwave brightness temperatures is found to have similar overall and detailed characteristics to the original data. The 
averaged deviation between before and after the collocation is small. The 89H channel has the largest difference of 2.41 
K, whose relative deviation is less than 1.01%. Reverse information analysis shows that correlation coefficient between 
the scaled-up and original brightness temperatures is higher than 0.98 for every channel, and the standard deviation of 
their difference is between 0.4�4 K. The above results confirm the reliability of the IDW method in this collocation 
problem. 

As an application, land surface temperature of the Tibetan Plateau was retrieved by microwave signal in the collocated 
data. Clear-sky and cloudy regions were identified by comparing the land surface temperature and the thermal infrared 
brightness temperature. Snow and cloud phase were identified by using the infrared temperature in the collocated data. 
Because of the combination of FY-3 microwave and VIS/IR information, the error in snow retrieval using microwave 
data will be reduced, and the problem associated with visible and infrared being unable to penetrate through clouds can 
also be solved. Furthermore, cloud parameters can be retrieved. Using the retrieval results from the collocated data, cloud 
and surface features can be analyzed comprehensively, which can improve the ability in identifying snow and retrieving 
cloud parameters. Finally, the improved retrievals can provide observational facts for disaster warning and climate 
change assessment. 
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