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The current status of the study on the land cover monitoring over the Yellow River in China is outlined in 
this paper. Three kind of optical sensors, MODIS, AVHRR and Landsat have been used in order to understand 
the recent status and the change for 20 years since 1980 of-the land cover. Land cover map is generated from 
time series of MODIS in 2000. Time series of AVHRR is in production for the change detection. Landsat 
data will be applied to drastically changed area such as irrigation districts. 

1. Introduction 

Yellow River in China （白思ireI) has been dried up for many days in a year and long distance since 1970s. 
It is mainly due to the decrease of precipitation in the ups仕eamof the basin and excess water use for the 
irrigation. Therefore the hydrological model which can deal with the human activity such as dam operation and 
irrigation has been being developed in Research Revolution 2002 project [!] for the optimal management of 
river water. Land cover is one of the most important parameter in the model since it reflects human activity as 
agriculture and it also provides the hydrological characteristics of land surface. The objective of this study is to 

analyze the land cover and its change for 20 years from 1980 over the Yellow River basin using remote sensing 

data. 

2. Method of the study 
The method of this study is shown in figure 2. Three kinds of optical sensor are used depend on its 

temporal and spatial characteristics. Because the MODIS onboard Terra is new sensor which has been operated 
since 1999, it is used to understand recent status of the land cover. Land cover classification map has been 
generated using time series of MODIS product in 2000 combined with DMSP/OLS product. AVHRR has been 
operated continuously over 20 years and historical data is available since early 80s, hence it is used to detect the 
change of land cover. The time series of AVHRR data is generated with the spatial resolution of I kilometer 
合omthe HRPT, LAC and GAC data. Landsat series of sensor i.e. MSS, TM, and ET恥H have quite higher 
spatial resolution relative to p陀 viousれ1vosensors, even though temporal resolution is low in contrast. These 
data are used for the validation of land cover classification and change detection, and local analysis over the 
drastically changed area. 

Fig. I. Yellow River basin. 

3. Land cover classification using MODIS 
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Fig. 2. Method of the study. 
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Land cover map was generated by the classification using time series of MODIS 250 meter resolution 
reflectanc巴 product(MOD09Ql), 500 meter resolution snow product (MODIOA2) and DMSP/OLS nighttime 
light product in 2000. Eleven kinds of land surface features i.e. annual maximum and minimum NDVI, annual 
maximum and minimum reflectance in band I and 2, annual average reflectance in band I, monthly average 
NDVI in April and June, number of snow days in summer season, and human settlements, are derived from 
MODIS and OLS products (figure 3), and these were input to the simple decision廿eeclassification method 
shown in figure 4. The threshold values used in decision仕eewere adjusted manually by comparison of 

classification result to the other land cover maps. Sixteen types of land cover which include five kinds of 
agricultural categories were adopted from the hydrological point of view. Classification result is shown in 
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figure 5. This map was compared to two reference data, existing classification map [2] and Chinese census 
[3][4]. Land cover map categories were aggregated and compared in province base目 Theresult is shown in 
figure 6. Forest shows good agreement with land cover map, but overestimation relative to the census. Total 
agricultural field, grassland and barren show the good agreements in both comparison, but individual agricultural 
categories i.e. paddy field, dry field, and irrigated field resulted in poor agreements. This classification map is 
used as the base map in the hydrological model. 

同
組

’r跡a.. 切
- T= 
一一一・folK

。町＂松岡 1-Ott陥断、， ＿一0.,，抽明J-o.樗凶臨＇＇－°＂＂断、 s.... Occn防相6「

' ＇も a e ‘l u 
s耐叫，~ U町』凪剖恥d …剛 ” 一＂＂＇＂＂＂＇＂由 加由句珂，， I 

G”“land；宇品柑剛t。守，国＂剛，喝一一ー一一一ー－ D«mon• -lk印刷？予 、 v
• lmul.NI 「－0≪，，問。 ．‘ 「一一恥向。f•ld ， ．  

C≪制官曲 Crop＂国s D刷也e＂句蜘唱 "°""""""""" 
1附静岡~，， 【・~I"'“，， F制＇＂＇＇防伺－ ρ F・，，“t師”ddy)

「－ o艇山山一°＂＇＂剛 ll→°＂＇畑山' . E将軍側n E時句n,cn De認地~‘ I),隠崎瓜M
N劇活k-lnfF邸宅剖s 日，.“~（ F制官民s ＂＂渇dlnfF伽...‘ N蜘姐.ldnff＇御菅＇＂

I •鍋 D,>:S.-> TI,tt,加＂ I S白”

' ... ；町，....戸－＇＂－＂＇v'... ,;;;_," 
Aloft MIR 11.dl<Thtt叫 o,
MO  h 問 VI‘＂＂叫

< AM  Mod叩・，，印刷叩
llwm St1 OLS＞耐 叫

’ …叩VI畑一‘.AM •• ，間Vl <•TI,tt蜘M
7 A•An k<-n<-n，..叫

• A戸一＇＂一叩VI刷3糊－＇＂
IA阿＿Aνe一NOVI 』鴎一A”→NOVI）：’n叩。一“ 一日…ー“…一一 宇【戸時一戸 一..祖崎畑aMu  NDVI/A踊 M緬＇＂＇＂ －＂＂＂＂＂＇＂

• """ M，縄問.，、明叩
Aa11 Mn  11.~n <Tlttnholcl 

LO ...... Mu  k<n町巴加 叫

ll ""• M111間 vi,・y、＂＂＂＂
l! M11MnJt<ll＇・＂＂叫
LJ Alo11 M,n k<n＜ 加叫叩一

5伺%
.oos 

・.. 
" 
'" ・・＂
N町・ω
7・ ＇＂•
・＂
"' l・5・，
・・4

‘守

司L、－

Fie:. 3. Land surface features. 
ーがこ...--,~-~,F"'./ : ~· －~：；，.樹立治~j

、，F・L
Fig. 4. Decision甘eeclassification method. 

rta.；回目2
I2JJZl区（凶

・＝＝：日：図

．よ‘’、、． 

,,,.. 、..鴨－－－調・・・・＂＇
...司＝，N剖加＇＂＂＇向 ＇＂1Op<, Shrubl叫 国瞳 Oouble-c可申＂IF州事，，~，，，.. ，同＇＂

faを••＝• Bro剖lurF，岡山 G剛，，制区 璽聞＂＇曲＂＂ －・晴同凶，，酬凹ldyJ
Dcciduou附 N剖.ldufr'<ltt動 •c岬，，叫（inc:hw1，伺.. 副，，園田Imp凶向凶
＂＂＇則山崎 思剛＂＂＂ ＇剛＂ －占c岬！:ands(non陣＂＇＇＇ 圃・U曲n卸，e,;i, ,, und毘

Fig. 5. Classification result. Fig. 6. Comparison to reference data. 

4. Change detection using AVHRR 
4.1 Production of AVHRR data set 

Time series of AVHRR data for 20 years has been being produced from HRPT, LAC and GAC data with 1 
km resolution. HRPT was supplied by Kitsuregawa Laboratory [5], University of Tokyo, and LAC and GAC 
were downloaded from CLASS, NOAA [6]. The radiometric calibration is applied using time varying 
calibration coefficients to derive the top of atmosphere reflectance for channel I and 2. Channel 3 to 5 are 
converted to blightness temperature by non-linear calibration method[7-10]. In geometric calibration, initial 
correction is applied by means of Two-Line Element orbital information [11] followed by precise correction 
based on the ground control points (GCPs) derived from MODIS product. Precise co町ectionis composed of 
orbital co汀ectionand attitude correction. Orbital correction is applied daily several paths at the same time for 
the purpose to keep the number of available GCPs, and attitude correction is applied by each path in order to 
allow the仕exibilityof attitude. Optimized orbital information and attitude angles are derived by least square 
estimation. 

The HRPT data is not available especially in the western region around ups仕eam of the Yellow River, 
because it is outside of the receivable range of University of Tokyo receiving station. Therefore, GAC is used 
as base product and HRPT and LAC are overlaid if these are available, though the spatial resolution of GAC is 
lower as 4 kilometers. The outline of the overlay is shown in figure 7. 

4.2 Preliminary study using Pathfinder AVHRR Land Data Set 
Change detection method was applied for Quingtongxia and Hetao irrigation districts as the feasibility study 
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by means of 8 kilometers resolution AVHRR data set, Pathfinder AVHRR Land data set. Annual maximum 
NDVI (Ann_Max_NDVI) is derived by averaging of second to sixth maximum NDVI among the daily data for 
one year. Time series of regional distribution of Ann一MaxNDVI for both irrigation districts are shown in 
figure 8. Ann_Max_NDVI has been increased gradually in both districts through 20 years. The trend is 
slightly different, that is, widely di柑 ibutedAnn_Max_NDVI has been concentrated to higher value in 
Quingtongxia districts; and lower Ann Max_NDVI has been totally increased in Hetao district. The reason of 
these increase seems to be the increase of agricultural fields, however, the detail of the change is not inteゅreted

from 8 kilometer resolution data set. 

亨

I bη 
Yellow River mouth GAC HRPT, LAC 

Fig. 7. Overlay ofHRPT, LAC (I km) and GAC (4 km). 

5. Detailed analysis using Landsat 

~ E雪F~~！！~~ ~言！塁~！！~！喜
Quingtongxia Hetao 

Fig. 8. Time series of the distribution of the annual 
maximum NOVI for two irrigation districts. 

The change of the Ann_ Max_ ND VI in irrigation districts has been analyzed in detail using higher resolution 
data, I kilometer r巴solutionAVHRR combined with Landsat. The method of analysis is shown in figure 9. 
Ann_Max_NDVI over Quingtongxia districts in 1999 was derived from 1 kilometer daily AVHRR data 

described in section 4. Land cover map was derived by simple decision tree classification using Landsat/ETM+ 

acquired on 12th Aug. 1999 when the status of the vegetation is most active. The data was downloaded from 
GLCF, University of Maryland [12]. Since the spatial resolution of AVHRR and ETM+ is about I kilometer 
and 28.5 meters respectively, I pixel of AVHRR coηesponds to 32 by 25 pixels of ET恥1+. Therefore, fraction 
of agricultural area (Frac_Agri_Area) in one AVHRR pixel is calculated from the land cover map of ETM+. 
Finally Frac_Agri_Area is estimated from the Ann_Max_NDVI. 
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Fig. 9. Method of the analysis. 

The decision仕eeclassification method applied to ETM+ is shown in figure I 0. NDVI, reflectance in band 
5 and digital elevation model GTOP030 [13] were used to categorize the pixel into the five types of land cover. 
The classification result is shown in figure 11. As the assessment of the classification accuracy, only 

agricultural field is compared to county based census value, that is, agricultural area in each county is extracted 
using county mask (figure 12) and it is compared to the sowing area in 1999 recorded in the Statistical Yearbook 
ofNingxia province. The result is shown in figure 13. The overestimated counties are located in midstream 

of the district, and relatively underestimated counties are in downstream. Excess underestimated county is 

Yanchi county, which is located outside ofth巴irrigationdistricts. 
Ann_Max_NDVI in Quingtongxia district is shown in figure 14. The relation of Ann_Max_NDVI and 

Frac_Agri_Area is shown in figure 15. The linear equation of [Frac_Agri_Area = 2.54場 Ann_Max_NDVI-
0.33] is derived from the least square regression. The Frac Agri_Area estimated from AVHRR using this 
equation is shown in figure 16. The mountainous area was masked by GTOP030. Figure 17 shows the 
county based comparison of agricultural area with ETM+ classification. This figure indicates that AVHRR 
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estimation is comparable to the ETM+ estimation in county base. This method is specialized to iηigation 

districts in arid region where the contrast of the NDVI in agricultural area and background is high. The method 

will be applied to the time series of AVHRR for detecting the seamless change of the land cover in irrigation 

districts. 
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Fig. 13. Comparison result. 
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Fig. 17. Comparison 

6. Conclusions and future plans 

The land cover monitoring on the Yellow River in China is in progress under the hydrological project. 

Land cover map in 2000 was produced using 250 meter MODIS product and it is used as the base map of the 

hydrological model. The time series of AVHRR for 20 years has been being produced from HRPT, LAC and 

GAC with the spatial resolution of 1 km. Land cover change especially concerned with the agricultural field 

will be detected using this data combined with Landsat. 
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