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fir: W), KI16056 B4 MODISFAREHE 160K/ E32 X 26 X 1311 H.J7 El4E
B, WE=M4ER, R EBRX A, WAMBEEE, LU “hist” IIE G BT
g, Anpy A, FFIRMES HAR B IMODISEAS SC CREG B 7 M4 )5 v Ab 2 138
B MAHRRA SR, DL “img” IndEm X 2 dr i, tfscrR, a3 gEE, ol
SR SRR R BB o SR P A g R X 44 5 7 RO R Year” A
“County” 1|4 FH%t R

HaErE () 4k

fili = H S RAERAE YK A R EEE S, 2 A TR A a1 7 E AT 7.
SR, ARG RN P BOE SR J7 0ok N Sl & 31 . (EY T8, AR 0528, WM
P AR ENS, Z RS . TAERK, Hid BB T S .

AR, RGN HARSA . B S8, W4 TP —EIE S (Normalized
Difference Vegetation Index, NDVI) #1134 58 B 44 15 2 (Enhanced Vegetation Index, EVD) . #ll Quarmby!*-
SYEE I FH 21 A1 B AT 4L AN B S 43 2] T NDVI, Bolton Z8U7-SVR|FH 2140 G £LAMNE e BT HAR
BT EVE BEAh, i PAREEPEE T AVHRR FEAAHIE 721074 1982 2 2009 £ AVHRR JH—{bfe
BB BCEHESE (https://www.osgeo.cn/data/wef57) . B iE—20, Aerial Intelligence 2~ &) 2017 5 KA
FEEE/NEFFE TN EHELE  Chttps://aerialintel.blob.core.windows.net/recruiting/datasets/wheat-2013-
supervised.csv fil https://aerialintel.blob.core.windows.net/recruiting/datasets/wheat-2014-supervised.csv)
AR BGE BESEAZ ) NDVL A EVLL T HIMA 7AR% . MPERALESRAE, /T 7R Er) 24
P EAEZFEESEES, NDVI, EVI %5 TRAEUH DR BT A 2], 20 7 R EEE
B HAMEREROL AR T2%, BA—ERmRIE.

R, BExfBL BRI, ASCHFT TRHMERIER 757, HIfE 7 — 2R T MODIS St R4
1. ZWBNZ ARG ) T 2 B RIS Bn e, H T B A RE R H 352 H,
RS RGRAERIFEIN,  BE— D Hg 98 7RI

L1 B RIE

AR SCR A SE B 00 B 7 B R E BRI IR MRS R R X IR B R AR bR AT = & 3 RSk
o H . Horp, BEIEFARM MODIS &tk & ¥, KIE T EARTHDATA P if
(https://search.earthdata.nasa.gov/) , 17415y h26v04, IFANEECAMIFCAE KN RFFEE 97 RE
#5297 K, 45 MOD09A1. MODI13A1. MYDI11A2. MCDI15A2H 4 #2574 [{) MODIS 7= it #ds (%
1) 5 MRS R Xk B B el 7 BB e it 0N 5 SE M s AC A X IR A FE I B, A shp ST
s FEBRAAC P BRI T T B R AR X Siit R, fEE 20102019 T E 16 B (BT )
FCAPAE AR SEfr = i b, 2019 4F /= BEIR ISR 2 PR, MRS FMHELE AR 27960 AL, &
TN 94843 i, “F¥r= N 3.39 M/ ki, Fod, [RLO-EL . 2SR £R XS M X M AT P2 ) = T 9000 I,
JEFEre X SRIX . FY BERX PEREIILE 1000 WA AT, JET A= X HAao R X .
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Table 1 The table of remote sensing images and vector data

B =y | ’ES | BEA
FERH HBIBLK B AR R WEHER
WRIm | ERIR | B

Band1(620-670 nm)

Band2(841-876 nm)

Band3(459-479 nm)
MODO09A1 % ST 1E3Z i £ 55 500 8 1040 Band4(545-565 nm)

Band5(1230-1250 nm)

Band6(1628-1652 nm)

Band7(2105-2155 nm)

NDVI
MOD13A1 FEHEFE 2L 1E 5% M 28 355 500 16 1040
EVI
LST of day
MYD11A2 MR 1E5Z #h 2R %5 1000 8 1040
LST of night
AR BADE A A ) LAI
MCD15A2H 1E5Z Hh 2R %5 500 8 1040
e FPAR
KK MR FhE X R 2 K iz 80 #45 1 - 1 -

R2 2009 FEEEER
Table 2 The table of yield data in 2019

X HERRIAB PR/
Al B 6495 27610
GAAE=] 7986 26756

WX 5917 22148
ARSI 3104 9452
HEHRIX 798 1795
PR X 646 1453
BRI 386 1084
FiSaE= 344 1050
FE R 360 980
=R 195 686
JEH X 856 620
FilH X 539 493
4k 117 133 282
KEOX 89 267
Rk 37 104
i S 75 63
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1.2 iR
1.2.1 EBRHESERE

N T ARIERE AR HE A B — 8, B4, P MODIS 28 = T A (MODIS
Reprojection Tool, MRT) T.H¥4 MODIS 3852 GCR1A AC B X St 5 2 4t = 40 3T WGS-84
BRERTAIG UTM $E52; SRJ5, B MYDI11A2 AR FIMIAC 2 50 B %R N 500 m, i MYDI11A2 514
FFAC S B0 5 3 4x MODIS 4l 7 il ) 25 18] 0 SR A HL. G — .

1.2.2 WEFFIFNTE

T MODI13A1 I [a] 0385 A 16 K, H 4 MODIS =i 8 K (£ 1) , AT RIER A
AR se e, RN (1D SR BN RRGR T 7 Ex e A KB N B G T4 7, ks
MODI13A1 2 97 KAEE 113 KRG RIBMENE N 105 KRG EHE .

l; = "= (i = 105,121,137, ..., 289) @)

A, Ly Lig B Lis 701y MODI3AL 26 i K. 55 i-8 RANES i+8 REAQEAE, @ IMIUEIEHE A
[105,289], HJ[E[AIRE A 8 K.

1.2.3 HBBASMEEFIRE

NTREEBEEMNEEE, 2R3 T [F—5 MOD09A1. MODI13A1 %1% A% (1) band1-
band7. NDVI. EVI % 13 MEE (R D, IR HEEHT TG . BEE, N 17— PRl E R aA R
RIS AEKAR B, SR B R G 45 AL A 4E RS EFATRG, SATERCT 10 SKIBCECN 13, IAH
SN 26 IR [E] 5 5

1.2.4 MR FpE X BHEL

EREBRETRERAN, W3 7S mERRS, N S EFEEg 8 HHERT R
FEXT L, I T AN [ S o AT A o< 2 B SR B IR R A 208 b bR X 9, DA 7 B AT L X 3
B, E5E, RA ArcGIS B AT EATBIX KR EERR I H T BT X MR ER: K5, )
Prh T BEATBIX MR R B L EAAE T AAESEEEIEE T B EA (B D 8%, WA GDAL

(Geospatial Data Abstraction Library) FEH () warp 2R DLSEEAAC b7 M Ac Fpiel X s o< & ] (& 2)
X1 Y, AR B A A AR X (B 3D 5 e, DABRHE, FRECH R BT A
X 5

125 BEi RS

ETHBBIRENMRNE, TR M i 2057 SR 38 Ik, ASCRRICZ Rk 7)
N 32 MERIXE, MR E P RN B R R R EM S AR XE],  DUAEIE 5 EIFELER H

HF MODIS T 5 B R MM =S E (2010-2019) B BB EHE ELE S =
EHARA A, BB IEREARR TR,
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B 1 prEmLERA B2 prEmidiEXSREE B3 pTEaiE XA

Figure 1 Hyperspectral Figure 2 Vector map of Figure 3 The area of interest
image of Zhongning County wolfberry planting area in for wolfberry planting in
Zhongning County Zhongning County

2.1 BREEEERHR

RSB HE L MODI w3 BRI, & Bk 5B, JEIERRT 160 A~K/NA 32X
26X13 (32 MG EXIAE, 26 ANRAHE, 13 REBEO BT EIFERE, BL “hist 4 4 .npy”
(177 kAT 44, AT “dataset/hist_data” SO, Hr, 16 M2 (BgHIXD) (R 2) s
AHBIX B 10 4B 7 B REEE, BRSNS Y 20102019 4, B 7 BRI R & WK 4 s,

32

26

13
4 HITEEEHErEE
Figure 4 Schematic diagram of histogram matrix data
2.2 G RBSEER

N T 77 PO B AR S, ARSCHRAIL T BT BRI B A A R b A4 AR R — B A S 4
TP B 5. 28 RS EEE, ("7 T “dataset/yield data/yield data.csv” SCfFH, HLEE 7 4MNE
B, S3RREY . B4 Bhds. B4 BRn'S . MOMETIRMEE, SiF 160 %5~ &
Hm, PHEANE (BETX) AF 10 4 2010 - 2019 ERIMI 2508, o235 3
TN
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Table 3 The table of partial yield data

4 Eoyig BRms 24 ERmS MIRCF R TR A B FRE/
2010 TRIFEERX 1 )T 1 601 2038
2011 TRIFEERX 1 )T 1 783 2657
2012 TRIERX 1 )T 1 839 2846
2013 THEEEEX 1 )T 1 918 3113
2014 THBEEEX 1 )T 1 724 2455
2015 THMEEEBX 1 R 1 826 2668
2016 THEEKREBIRX 1 RN 1 1164 3492
2017 T E R E R X 1 RN 1 1065 3398
2018 THEEKREBIRX 1 RN 1 1322 4414
2019 THMEEEBX 1 |/ 1 1901 4274
2010 THMEEEBX 1 ViSRS 2 194 659
2011 THMEEEBX 1 ViSRS 2 253 859
2012 T E MR R X 1 i =T 2 271 920
2013 THEEKERX 1 = 2 297 1006
2014 T E MR X 1 KT E 2 234 794
2015 THMEHBX 1 KT 2 267 862
2016 THMEHBX 1 KT 2 373 1176
2017 THMEHBX 1 KT 2 371 1594
2018 T E MR X 1 KTE 2 227 960
2019 THEEKEHRX 1 = 2 344 1050

N T BAEASCEHE AR AT T, Ao 50 MR RN 8 A A R VAN A B R A, A
RGN :
3.1 EHFHY

AL AR AT L R AR BT S A BT PRI B4R SE SR (18 5) W, AR AR T
1. B 7. NDVIAM EVI BB BAFEMSEZ R, R AT LLAA KR e iR A AR AE, T
RACMRCHIR A 5. Jehh, FERTEYEE , SRR AL T2 180 KRAif, IL{HHM)
FCAERRAR I, AT S MIAC RO ZE R, T I A SO A o B L
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B2 B3 B4 B5 B6 B7 LSTI LST2 NDVI EVI FPAR LAI

N O O I
- [ I O O O A
v | I I O

Bs5 mAERE
Figure 5 Visualized result graph

3.2 EEWH

N T U IZ BRI UERTE, A SCPLF AN R ZE (Mean Relative Error, MRE) « #7571
w7 (Root Mean Square Error, RMSE) A€ 2% (Coefficient of Determination, R?) NTEANFE4R,
HEARWA (2) -0 (4D PR, 75T AR CHHRE S Aerial Intelligence 24 7] K AR 56 [H & /N
FEETRINEE S, WE TSR, a2

(1) PAASCE AR AR, MW T ERML M2 (Convolutional Neural Networks, CNN) , A
TRy B R AE I Fh Y, 2R TR A% H N %% (Fully Connected Network, FCN) . S FF ] &[0 14
(Support Vector Regression, SVR) FlU& [R5 (Ridge Regression, RR) J7 LML FFr =&, HH
MM ERME 6 s, B—ENRMNE, NACEIEE, IIGE. WIEEMMRER - EN
7:2:15 B JRNFFILRIUZ, o6 NERURM, SRRREE IR 128, 256, 256, 512, 512,
512, BREKANAN 3X3; e RNEERIR, KRHE RN 2 2048 4 embedding (R[]
A, DARAEMIC KBS B

(2) 5 ERT7EEAHEL, Xf b SEge B T &/ N2 = B il HolE &, (A5 FCN. RR H1 SVR il
M Ner=g. o, FON W& 5 DMRUEUZ, 4855070008 1024, 512, 256, 128 F1 1, SEEEh A
R A4PR.

R4 HHELBHERE

Table 4 The table of comparative experiment results

Tk MRE(%) RMSE (M) R2

SVR 18.82 1115.60 0.70

RR 15.38 911.68 0.77

FCN 18.11 1073.35 0.67
CNN+SVR(ours) 13.90 822.54 0.82
CNN+ RR (ours) 14.01 852.48 0.72
CNN+FCN(ours) 14.52 859.23 0.83

R 4 i[5, fEARSCHIESE L, MRE 1 RMSE 7309108 14.52%. 859.23 Ili, H R2iAZF|T 0.83,
BIR TR EARER . 5 2017 F A/ = BTN F SR AR A L, AR SCHOHE SR FH ik B Rl AN 8] 57
FRhGITIE ARG T AR B A ERAERE, 9 TREFE R, BT AT AR &
CNN [E[JH777%, 7 MRE #l RMSE E4r 5 BT 1.48%F0 89.14 i, R? BF+ T 0.06, Uil T
0.06% HIARFEFT B BN T7 ¥R ffRE, B0k 1 A SCHE S HE e .
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15T, — P,
MRE = — Z = 2)
i=1 :
RMSE = ’Z—?Zl(T;_ it 3)
_ YT — P)?
RZ2=1-— —Z?=1(Ti — (@)

Hr, TONH @ AEMIIKGH R, PO | DEETINE, T 16 Bt uE-114 &,

ALy
a i FCN. SVR. RR
- |
yield

Bo BRMZMELEHE

Figure 6 Convolutional neural network structure diagram

HAT, AIFRREERA > E AR AR, H H LR R SORRFIE SR O HRIE I B A T S I B
FNTLLY . Fil, A0k 7 —FiEET MODIS 17 2 2R M il =8l 58, BRA Rk, £
BBl 2SR AL AT TSRS RIE B SR BUREYI SR IE, VR BT 7T 52
PEECHR S, RN VR I A A R R BRI BIE IR0 T — IS HE

(1996 , B, PUIA, Bid, BFSFINE R RALEL. F IR T BRI 30
5,

XISE (1974, 4, FEA, W, H02, FEEENES SR, B E A B AR ¥
BRI T ARCRAER I S .

B (1975 , B, FEA, WL, BIEGE, EENEA TR BB, R T
e BARHUR 57 FAE g

THET (1982 , 42, WALA, Wi, DUEERRATR, £ SRR A AT, R R T
f: WSS,
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A dataset of MODIS-based county-level wolfberry yield estimation in

Ningxia (2010-2019)

WANG Tao', LIU Libo', ZHANG Peng!", WANG XiaoLi***

1. School of Information Engineering, Ningxia University, Yinchuan 750021, P.R. China
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P.R. China

*Email: pengzhang123@foxmail.com (ZHANG Peng); wangxiaoli@caas.cn (WANG Xiaoli)

Abstract: To solve the problem that the current remote sensing yield estimation dataset is overly relying on
measurement data and manual experience, we constructed a dataset of multi-band and multi-temporal remote
sensing image yield estimation fusion. First, to ensure the temporal and spatial consistency of remote sensing
image data, we used reprojection, resampling, and time series supplementation to preprocess MODIS image
data. Then, we performed band fusion and time series fusion for the above-mentioned processing results,
enhancing the richness of band information and time series information. Finally, we used the histogram
dimensionality reduction method to reduce the dimensionality of the fusion data of all counties, which
overcame the problem of data sparseness. According to the experimental results, the image features of the
dataset automatically extracted through the convolutional neural network and the production estimation
model in this article have reached 14.52%, 859.23 tons and 0.83 on MRE, RMSE and R? respectively, which
shows the accuracy of this dataset. The dataset provides important data support for the prediction of the
annual yield of wolfberry at the county level in Ningxia, which is of great significance to the sustainable
development of regional agriculture and scientific research.

Keywords: yield estimation dataset; multi-temporal; multi-band; MODIS

Dataset profile

A dataset of MODIS-based county-level wolfberry yield estimation in Ningxia (2010—
Title
2019)

Data corresponding author ZHANG Peng (pengzhang123@foxmail.com), WANG Xiaoli (wangxiaoli@caas.cn)

Data author LIU Libo
Time range 2010-2019
Geographical scope Ningxia (35°14'-39°23'N, 104°17'-107°39'E)
Data volume 157MB
Data format *.npy,*.tif,*.csv
Data service system <http://dx.doi.org/d0i:10.12205/E0290.20220110.36.cs.1925>
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Source of funding

Ningxia Key R&D Project (2020BFG02013)

Dataset composition

This dataset is composed of the statistical yield data of the Chinese Ningxia wolfberry
yearbook from 2010 to 2019 and MODIS images. The former is the interannual yield data
of 16 counties including Zhongning and Helan in Ningxia from 2010 to 2019, which is a
“csv” file containing 7 attribute columns, namely year, province name, province number,
county name, and county level. Number, planting area and yield of wolfberry, a total of
160 rows of data; the latter contains 160 histogram matrices with a size of 32>26x13,
including three dimensions, namely the number, time phase and band number of pixel
intervals named after “hist” plus the year and place name. They are “npy” files, providing
corresponding MODIS image files. In addition, the band and time phase fusion results not
processed by the histogram dimensionality reduction method are named “img” plus the
year and the region name. They are “tif” files, also containing three dimensions, namely
the image width, height and band number. The year and area names in the image naming

correspond to the “Year” and “County” column names in the yield data.
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