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Gross primary production (GPP) from MODIS: Dec. 18 - Dec. 25, 2000

MODIS Land Science Team { University of Montana

% Average Daily GPP
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NIAES International Workshop 2001 Crop Monitoring and Prediction at Regional Scales

Kondoh, A., Tang, C., Sakura, Y. and Shen Y .(Chiba University)
Tanaka, T. (Univ. Tsukuba)

Shindo, S. (Prof. Emeritus, Chiba University)

Liu, C. (Shijiazhuang Institute of Agricultural Modernization, CAYS)
NCP 38N Project Group
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NEW GLOBAL ENVIRONMENTAL ISSUE
- WATER PROBLEM -

- Progresses in irrigation technigque promote crop production, however, the lack of
knowledge on the renewal of water resources, especially groundwater, and the pursuit of
short-term profit lead to the overuse of water resources.

- Import of grain is equivalent with that of water. It means the water problem is the

one which go over the national boundary.

-an extreme case-
- Over withdrawal of groundwater cause the decline of groundwater level. Saving
water technigue such as center pivot irrigation promoted further production.

- Groundwater usage was started around 1940's, and it prompted the producgion qj
wheat and maize. At the same time, groundwater level kept declining. Howewg,
there exists the room for water saving agriculture.
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Topic 1

Topic 2

No countermeasures without real understandings of§h
Hydrological Cycle

China’s Water Shortages

Could Shake
World Food Segurity

Am drl.pl Srctimd b Ih’”ﬂr d.'m':;\.lll:ﬂ i
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in 1B woarldy capraly,
What is happening in NCP ? e
- Cutoff of the Yellow River — E':T:T.F:‘::::’E{:f:.“i

- iTl.i:ddLudup:-!-.:_-l T e e o ik 1B el '.H'Il'r'-:"-ﬂ'! FEop whe L.-: o B o ey

- Decline of groundwater level [ e
thr reeds of 13 B T crrs wed e e :

AN Ml O ol kim0 ddpeiened | e rreSping LE F L kg

- Salinization T

China's Water Shortages really shake world food security ?

What can we do for the problems ?
- To recognize the actual condition of water cycle in NCP
- To monitor surface conditions from the satellite
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South of Great Walll, East of
Talhang Mountains, North of
Huaihe River. However
hydrologist often refer NCP
to the north of yellow river
because of seriousness of
water problem.
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Shijiazhuang

H.’.i‘-ﬁ (km)

. _ ) aft%r Tian etﬁ/ 1998)
- Water transportation in NCP had 1ts prosperous time in 1950"s, however

river reach possible for navigation became little in 1960"s, and navigation had
disappeared in 1970"s. Dams built in Taithang Mountain retain water, and river
p—— Cost increase in GW withdrawal, land —

water almost disappeared in the plain area.
';;;!!i._--
L—
s SUDsidence, water contamination,

- The acreage for wheat planting had increased since 1940"s, and groundwa
salinization, sea water intrusion, ... ’

level had fallen simultaneously. Groundwater was used for not only agricu
purpose, but also industrious and domestic use. The rate of decline around
Shijiazhaung City had reached 1.5 m/year.
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3(green): piedmont plain

4(green): fluvial fan

5(yellow): palaeochannel zone

7(red): depression at front
edge of alluvial fan

Arrangement of
geomorphological units
creates local groundwater
system




Nallow groundawater

......

(After Fei, 1997)

num;.-snt"mnﬂ-— parotogical cycle and
Op production, and it can be monitored from space.



Production of Winter Wheat 1,0ct-15, Jun.

WUE Production Precipitation Irrigation Initial Soil Moisture

1991
j| Wet Year

/.




Production of Corn 16,Jun. - 30, Sep.

WUE Production Precipitation Irrigation

N T . .
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(Wheat and corn)

CROP PRODUCTION ALONG 38N LINE

Mountaiy
' 1997(dry year)
production is low
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Influence of drought is large



General Perspective of the NCP 38N Project

Hydrological System in NCP

Wheat, maize
Surface wetness

Recharge exist or not ? Et and its spatial &
temporal variation

\B Evapotranspiration

Recharge fro

m
mountains? j

Water Usage,

Percolation, Wit Contamination

Drawdown In Water Leve

Deep Groundwater Flow fi

Its actual condition, Control of Et

residence time ? W.Saving Agriculture

Groundwater
Recharge

Evapotranspiration
Salinization







North China Plain 38N Project

Flux Network
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Experimental Stations

Tathang Mts.

Observational Systems

15m Tower Air Temperature, Humidity, Wind Speed 6,9,15m),
Wind Direction (15m)

Campbell Cooled Mirror System 3m height

Luancheng
Observational Systems
36m Tower Air Temperature, Humidity, Wind Speed 4,16,32m), Atmosphere
Wind Direction (32m) | )
Campbell Cooled Mirror System CSAT-3 Vegetation

Albedo Meter, PAR Sensor |

TDR, Automatic Tensiometer (Depth 5,10,30,60,90,120,200cm ol

Nanpi

Observational System
Campbell Cooled Mirror System

———————————— ;



Left photo shows 15m meteorological
observation tower. Surroundings are
pomegranate trees. Trees are planted along
contour line in line like lower photo. The
water trapped in the upslope area is used
for plant growth.




36 meteorological observation
tower(left) and Bowen ratio system
for flux measurements, albedo
meter and PAR sensor
system(right). Automatic
tensioomater and TDR soill
moisture sensors are installed in
the subsurface. Photos are taken
on 30 August, 2000.
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Nanpi area is suffered by salinization
problem, and production is low.

Photo shows characteristic style of
agriculture around Nanpi area. Grains are
planted within the line of fruit trees.

- Insurance for poor crop
- Control of evapotranspiration

Campbell Bowen Ratio System

Photo taken on 3 Sep., 2000. System is
installed on the corn field, and it turns to
wheat from October to June.
Surroundings are fields of soybean,
cotton, millet.




i T e - ey
] poYel [ " |
A0 (-"“' it

— )

w*“%‘%

LR 1l ||.|I| ik
[ fomee E ek}

payila
. S -I

.
- 210
.
'|w
'I-#

GitH | CHUILS L4600 2

liaellour]

Boyil

£

5’.-

; a00 : [
L é"“"‘“‘%
{00 - —

LT L CRLIEN 14LIE RO

r'-ﬂhﬂ

oot 1400

I L lsiir

NV T "1
dmpnvps™

i
L
Lo

LI
|

alltl ]

I L |

1
Ly &
J0o

Rl ————— -
:.un‘ DOY134

lime(hour)

LT !;{;—}E‘--

DOY 81 3.22
110 4.20
117 4.27
134 5.14
139 5.19

o Y

| nn .
'"II'* e T X LT

PSP v sy i i iR AT e B
F— e i

e

e




Understandings of diurnal, seasonal, and interannual changes in flux
over winter wheat and summer maize fields, typical crops in NCP

Relationship with vegetation parameters such as LAI, production,
fertilizer status and water stress condition, and so on.

One dimensional monitoring and modeling of water, heat, substances
movements

Optimization of Water Use Efficiency

Q Parameter Extraction for Large Scale Model




Flux observations at three
stations

Wide Area

Satellite Remote Sensing

Tradeoff between accuracy, time
resolution and long term observat
regional distribution Xy




Model Logic Spatial Scale

R T e
NPP = e | NOVI /L T
II I_. I'I | - -

Find empirical relationships
between surface flux and
satellite data

E A _ ex) FLUX = a x f(sat) + b
- i N ,. a, b : constants or variables
Y G f(sat) .= NDVI, length of

growing season, peak NDVI,
and so on




(1) Relationship to NDVI
- Satellite Phenological Analyses
- NOAA/AVHRR

(2) Relationship to Surface Temperature
- Thermal Inertia : Retrieval of Surface wetness
- GMS5

(3) Combination of NDVI and Surface Temperature
- VI-Ts method : Retrieval of Surface wetness
- NOAA/AVHRR

e ————————
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http://aqua.cr.chiba-u.ac.jp/gdes/sid/index.html
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NOAA/AVHRR NORTH CHINA PLAIN AUGUST 1897




Importance of Satellite Phenology

wRaw WOV

(Waring & Running, 1998)
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White et al.(1997)



MDVI = 100

MOV x 100

Examples of Luancheng and Nanpi

LUANCHANG 1998 LUAMCHAMNG 1599

Phenological Parameters:

- Length of growing season
- Peak NDVI value
- Start date of growing

NDVI = 100

(S §os ..--..;. 3

B R R ey - Sum of NDVI in growing
DOY season

so o MANF1 1998 - and so on.

MDVI x 100
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Changes in NDVI at Luancheng, Nanpi, and Taihang

- Excellent relationship among NDVI, Et, and LAl ; "o 2
- Difference in peak NDVI between Luancheng and Nanpi DO altart




rReglonal evapotranspiration

LUANCHENG 1999 WHEAT SEASON

LE=22.558"NDVI+0.686
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SKIP Measurad Latent Heat Flux at
HIE :

Preliminary result
Wheat Corn

There Is a difference In
NDVI between Luancheng

® Luancheng :

O NE.HPJ and Naan

Is there a difference in LE ?

60 90 120 150 180 210 240 270 300 330 360
DOY 1999




1999.5.12 AVHRR Channel Images

North China Plain has
characteristic surface
features.

There is low NDVI and

4 high surface

1 temperature area

~ extending from

. northeast to southwest.

It means the heat
budget is different, and
it gives a key to expand
. point measurement to
wide area.




Key to expand wide area

Ts-V1 method(Nemani and Running,1989)

- Slope parameter in scatterplot between brightness
temperature(Ts) and vegetation index(Vl)

- NOAA/AVHRR 1s available

A Ts method(Wetzel et al., 1984)
- Increase In brightness temperature in morning time
- GMS/S-VISSR 1s available

7P H14m
Te=—44 NDVI 4+ &5
R2=0.91

8REH
| Te==28 NDWVI + 42
RL=0.85

201 22=0.88
- WET
-.::___Il._:l_-_. ——+— 16 17 18 19

04 . 06 0.8 SEPTEMBER

W—-llhfm- =



Example of 18 September 1997

False Color f Slopein Ts-Vi * Tb Difference
Image Relationship between 8 and 10

NOAA/AVHRR GI\/IS/VIS




Countermeasures

1) Irrigation scheduling : Search optimum amount of water to maximize crop production
2) Irrigation technique : Spray, drip, infiltration irrigation instead of flooding irrigation
3) Straw-multi : Evaporation control
4) Hoeing : traditional measure to supress soil evaporation
5) Alteration of crop : convert winter wheat to grassland
6) Windbreak forest : evapotranspiration control
7) Consciousness for water saving practice
8) Other measures : chemical measures

such as stomata regulator

- —k
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e water cycle ?
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- Water problem is an important global issue in 21st century

Occurred everywhere in the world with same background. It is very important because it is
directly connected to human life through food problem.
- Measures are not created without real understanding on the problem

No countermeasures without real understandings of the Hydrological Cycle
- Our project aims to explain hydrological cycle in NCP
Synthesized recognition of hydrological elementary processes is necessary
- As a result from part of the project, outcome on flux are obtained
Characteristics of flux of wheat and corn, representative crops in NCP, become clear.
- Observation will continue several years by the support of Nissan Foundation and MECSST
Understanding of the fluctuation of flux and crop production year after year
- New satellite
Terra/ASTER will be available soon > Agricultural monitoring in the scale of field
- Verification
Does remote sensing become the real tool for environmental science ?
Feedback of scientific achievements to the region

———————————— $



m Current state of water problems in NCP

m Grain production and surface features

s Flux observation and its extension to
wide area
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