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% 1 landsat8 TEMERSE

Table 1 Basic parameters of landsat8 satellite

e N . N X i st S r;‘z S %
LERE wR Rk onen SR
Main load Band NO.  Band name pectra patia

range/um  resolution/m

1 New deep blue 0.433~0.453 30

2 Blue 0.450~0.515 30

3 Green 0.525~0.600 30

EAT R R Y 4 Red 0.630~0.680 30

Operational land 5 NIR 0.845~0.885 30

imager, OLI 6 SWIRZ  1.560~1.660 30

7 SWIR3 2.100~2.300 30

8 PAN 0.500~0.680 15

9 SWIR 1.360~1.390 30

INALAME K2R 10 TIR 10.30~11.30 100
Thermal infrared

sensor, TIRS 11 TIR 11.50~12.50 100

e SRS HER R 12 bit, RN 16 d.
Note: Radiometric resolution is 12 bit and revisit cycle is 16 d.
1.3 Hugikiz
1.3.1 ERAMIBELAE

RIS T LB )5 o 5 75 SN AR AT e o
TERRFIR S K s AGARBY AR B o SRS e A it A S

L=MLxQ,_ +AL - QD)

Ab L ohERHSEE, LAk W/(m>Srum), ML
(RADIANCE _MULT BAND x) 4 [ E AL A A8 2541,

AL (RADIANCE _ADD BAND x) Jy L EALRESHME(Y
B+ Qe WIARBICHK I Horh ML R0 AL W HBEAE
AL IREL. AT AN B IR se i A

L=3.3420x10"xQ,,+0.1. (2)

SEAHEARSE U, R ENVIS.1 84 9 f) FLAASH
KRAKEIEB YR AR (PRI 58 B3 0y SO

TE IR B AL B BT, AR G Hb VR 2R T Ry
i, ESEFRIH 2014 45 5 22 HIRE 4R NDVIL 7
FEFERE Y (digital elevation model, DEM) i BI{E 1% & 4]
SO R AR B F pt . FRARYE 2014 FF5 H 6 H
2014 46 H 5 H 2 St B 00TLLAME B SO 261 B4
WESREN, HGH 3 SURAR IR 20N BCE R
A0 R 45 B oy S8 rh B AR 73 SR M) 7 1k e 44 5 IR
XPRIFFEIX N ZZ B AR P PR, SRS BEA 2] 94%.
LRI /N 22 A TR 20 A DL 1o

ZJa, FIFBACE G 2014 42 5 A 6 HIEBRES
HEAT T 3 B T REAE (R $E . AR SCIE N landsat8
W B B S 2 R6T /N 22 1 R 9 L s UK 1Y) LR A B A
KO0 R RAE A B T I R IR (LST) 3t 15 AMFAE
AE A IR 03 TR AR AR (R A e SRR A DR 7 o S AR FR )
FARARR BT S50 WAR 20 SR ) s i 5092
FHFALTA 11 B BT X 1 MR A T B s 2

T2 TKREERESITELR

Table2 Vegetation index of wide band range

HaR AL 45 HEAK S R

Vegetation Index Abbreviation Formula References
LA 4% 455 Normalized difference vegetation index NDVI (Ryp =R /Ry + Ry) Rouse et al, 1973
Ok ) 7 R LU A HE 22 Modified simple ratio index MSR R/ Re =D/([Ryp / Ry +1) Chen, 1996
)9 — MR E B Re-normalized difference vegetation index RDVI (Ryz = Rp)/ Ry | Ry Roujean & Breon,1995
= MRS Triangular vegetation index TVI 60x (R, —R;)—100x (R, —R;) Broge et al, 2000
DA ) - 332 1R 5 HI 436 20 Optimized soil adjusted vegetation index OSAVI (Ryg = Rp) /(Ryyp + Ry +0.16) Rondeaux et al, 1996
SR B — R B F6 50 Green normalized difference vegetation index GNDVI Ry = R;)(Rye + R;) Gitelson et al, 1994

Vs Rup FELANB BRI RN A5 Re WELB BRI RIN A5 Ro R A B R A3

Note: Ry;r means near-infrared reflectance; Rz means red band reflectance; Rz means green band reflectance.
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Fig.3 Calculation results chart of feature weight by Relief
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AR ) EE AL — R 2 1 DL 0 e oF 2 2] BRI
22307, 53 FFmEANL (support vector machine, SVM)
AL, HAMRM . EREAAZ RO 0 H5E
P AP AR G [ R AL P A BN S AR A
HLL B PR A AN i B R 4 AR AT
FR NS PRI TR AR PN ST 5Tk 53 2 n) j, T AH 5K )
U T =2 P A e

P2 =] [o(r(e:2) Aol ). (3

S LAREARRE &, n WEEAS, o WIBEEREL,
X WNGREAR T &, 6 NGRS, (v, 6)(=1,2,...,1)
HINGRERES, vy AR BB 55T 1R
TR, ¢ -1 R EARR A, TR, 5
P<0.5, WFERRAKRAE; # P>0.5, WIREFG.
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4 J120 H S H BSR4 H 11 H~5 110 H KT 0.1 mm
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Fig.4 Predicted spatial distribution map of wheat powdery mildew by relevance vector machine

2.2 1REIENITE 56

X3 s L AT Spearman USRS
56, I PC R AR B8R A% e R A S ME 2 B SR
it B 2% Somers’D. kendall’s Tau-c 1 Goodman-
Kruskal Gama®* !, 3 RS B v F 4 B E[-1,+1]2
F), fEBRRRIHBIRRE Bk s . SR 3 T LLE Y, 3 i
PRI Spearman AHOCHE( N AR 0.511, REIKEL
P 0.609, FEEKS G 0.693, HIGIABIM L E AL,

%3 RVM RHE RIS RE TN
Table 3 Evaluation of goodness of fit of RVM models

it 24l Statistic parameters

ST S Kendall’ Good
Data types pearman s endall’s oodman-
P relevance Somers’D Tau-c  Kruskal gamma
=
B 0.511%** 0511  0.506 0.827
Meteorological data
TEIEHEHE RS data 0.609***  0.609 0.605 0.897
ST 1 St £
TR 0.693%** 0.693 0.689 0.946

RS & Meteorological data
e R B F] 0.001 BE K.
Note: *** Means the significance reaches 0.001 significant level.

3 PSR Somers’D- kendall’s Tau-c¢ F11 Goodman-Kruskal

Gama {HIJRIN IR TG EAR I 55 K, BRI R
KL, MEEARI N, U] 3 P B v 1 J
E L {E D ERIDEPRE Y/ WS4 R

ST A B BT P A5 PR M A S W AT 0 B
B S R S o F) TR AR U™ SRH 2014 4 5 7 R AN
2 WE I ST b T R 7 S T R PR 2 R AT VR . 3R 4
FIHE T /NAE FUBPR B R A TR AEAS . I ZRAEA B B REA
(ke B E SRR FRE B . IIZRRERE . B A
K512 J2 3L Kappa 2%, A 3 Bl B0 i U0 DR A
753 PHECE A G B A R (TR P A IR, I
B ok /N2 OB B K TIRS BE fee e, BRI B
BERINA T = 2 8], H 3 BhAs P s g 2 ol A 42
N R TR SOR . ABERY (R i vl DA 3 JK
TEBARR NGRS S ey, AR BRI, 3
BB AT 08). XFEE 3 FhEEERRL I 2R
DU DU AL, UG B AR AN R S i 1 3
RN ZRGE BEAR T IRG S5 5 130 [ 5 Bt A L )
BB NN oS BE i T IRIRE BE VA FEI oS e iy T3
EEAE B AU ZRRE R, (H L TIUI0RS J8E AR T3 I i dls
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R, B IR T EIR S R R T R, IR R R AR RE (74.7%) Al Kappa 280 (0.500) ¥/ M

BORAART T 55 2 PR i %, BRI AR, )
i 32 SR AR B AR G R AR A — 8 A G, 3 0%
NG R I A IS . 2 AR A
R, S GEAE ) SRS e, O 84.2%, H
Kappa ZEi K, h 0.686; I EHE B (1) SAAKE 2
(80.0%) Al Kappa 2% (0.602) k2, M <% E A

IR (0 3 SR O T LR > 3 Bl A AR AR 35 R B A s
T T LB 23 O R B R IR I DU P SIS
PSR TE 18 e 0] it B M B 2 3 7 e, H o RS 73
¥y el T AR TG Bl A TR A 3 A A A 2
LLEZEREW], S5 SRRBURIRAT L, 2 I8 B
1 DI ) RV [ A /N 2295 T T A 7R Fr) R 2

Fz 4 RVM FNEE B BRIEIESE R
Table 4 Overall verification results of RVM model

e SERRREA T FEAS Prediction samples JIIZ5FEA Training samples SMAFEA Overall samples
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Wheat powdery mildew forecasting in filling stage based on remote
sensing and meteorological data

Ma Huigin?, Huang Wenjiang®*, Jing Yuanshu®
(1. Collaborative Innovation Center on Forecast and Evaluation of Meteorological Disasters, School of Applied Meteorology, Nanjing
University of Information Science & Technology, Nanjing 210044, China; 2. Key Laboratory of Digital Earth Science, Institute of Remote
Sensing and Digital Earth, Chinese Academy of Sciences, Beijing 100094, China)

Abstract: Powdery mildew is one of the main serious diseases for winter wheat. An accurate and timely forecasting of the
wheat powdery mildew occurrence at the regional scale by using multi-source data can provide important information for crop
protection decision making, and achieving effective prevention of wheat powdery mildew. In this study, the Landsat8 remote
sensing image was used to extract the land surface temperature (LST), the vegetation indices which included normalized
difference vegetation index (NDVI), modified simple ratio index (MSR), re-normalized difference vegetation index (RDVI),
triangular vegetation index (TVI), optimized soil adjusted vegetation index (OSAVI), green normalized difference vegetation
index (GNDVI), and the band reflectance features. Then we obtained the parameters of wheat growth environment condition
such as air temperature, number of rainy days with more than 0.1 mm rainfall, total sunshine hour, average relative humidity,
temperature-rain coefficient (the ratio of total rainfall in a period of time to average temperature of the same period) and
rainfall coefficient (the square root of the product of rainfall and number of rainy days) in different time steps (including month,
10 days and sensitive period) with the site daily meteorological data; and then we got the corresponding space meteorological
features by using the inverse distance weighted (IDW) method in GIS (geographic information system) spatial interpolation
analysis. Next, we implemented screening features with the combination of relief algorithm and Poisson’s correlation
coefficient, and finally got the MSR, the RDVI, the total sunshine hour from March 21% to April 20", and the number of rainy
days with more than 0.1 mm rainfall from April 11" to May 10®, which were as optimal explanatory variables for developing
the powdery mildew forecasting model. The relevance vector machine (RVM) model was used to improve business decisions,
detect disease, and forecast weather. And then we used it to predict the probability of powdery mildew occurrence in filling
stage of wheat in Gaocheng, Jinzhou and Zhaoxian County, Shijiazhuang City, Hebei Province through remote sensing and
meteorological data. The model combining remote sensing and meteorological data produced a higher Spearman relevance
value than the single remote sensing data or the meteorological data model, and moreover, the values of Somers’D,
Goodman-Kruskal Gamma, and Kendal’s Tau-c of the remote sensing and meteorological data model were all higher than
those of the other 2 models. They all indicated that the remote sensing and meteorological data model had a better performance
than the other 2 models. The results showed that: the overall accuracy of the remote sensing and meteorological data model
was the highest among the 3 methods, with lower omission and wrong judgement than the other 2 models. Furthermore, the
overall accuracy and the kappa coefficient of the remote sensing and meteorological data model were 84.2% and 0.686
respectively, which showed better performance over the remote sensing data model (80.0% and 0.602) and the meteorological
data model (74.7% and 0.500). These results reveal that compared with the single meteorological data or remote sensing data,
the combination of remote sensing and meteorological data is more suitable for the prediction of crop disease occurrence
situation in the regional scale.

Keywords: remote sensing; meteorology; forecasting; relevance vector machine; meteorological data; wheat powdery mildew
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