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1. Introduction 
  The purposes of the observation for atmospheric boundary layer (ABL) over the 
Loess Plateau are to detect exchange processes in momentum, heat, water, and CO2 
among land - vegetation - atmosphere system, and to re-evaluate water cycle system 
over Loess Plateau. 
  We will analyze atmospheric turbulence in the ABL and get seasonal variations in 
surface fluxes of momentum, heat, water, and CO2 on the Plateau. We will also use 
satellite remote sensing data also to diagnose the land surface conditions around the 
target region. Analyzing processes in development of convective boundary layer (CBL) 
and generation of cumulus clouds using a “cloud resolving model” on the basis of the 
ABL observation data is our final target, too. Namely, the improvements of 
parameterizations schemes in the processes of ABL, cloud physics, and precipitation 
systems over a dry and high altitude region will be our final goals. 
  In order to achieve the purposes, we established ABL observation system at the 
"Changwu Agro-Ecological Experimental Station, Chinese Academy of Science (CAS)" 
located at southern part of Loess Plateau, in the middle of May 2004. 
 
 
2. Installed Devises 
  The ABL observation system consists of; 
 1) Wind Profiler Radar (WPR) 
 2) Flux and Radiation Observation System (FROS). 
  Next Japanese fiscal year (after April 2005), we will install; 
 3) Microwave Radiometer (MR). 
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Fig. 1 The 30-m high tower established on the field of "Changwu Agro-Ecological 
Experimental Station”. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 A set of ultra-sonic anemometer-thermometer and infrared H2O/CO2 gas analyzer 

installed on the tower. 
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The ABL measurement system was (and will be) established at the meteorological 

field of the "Changwu Agro-Ecological Experimental Station" on Loess Plateau located 
at N35°12′ , E107°40′ . The FROS measurements include the surface flux 
observations of momentum, sensible heat, latent heat (water vapor), and CO2. For 
FROS operation, we have established a 30-m high flux tower on the center of the 
research field (Fig.1), on which three sets of ultra-sonic anemometer-thermometers and 
infrared H2O/CO2 gas analyzers were installed (Fig.2). Especially, fine resolution (both 
in time and in spectral) radiation measurement system was included as a part of FROS 
(Fig.3). Those installation height/depth are shown in Table 1. The data obtained from 
this radiation system will be used for the improvement of local surface characteristics of 
optical satellite measurements. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 The radiation measurement system installed on the ground surface. A set of 
ultra-sonic anemometer-thermometer and infrared H2O/CO2 gas analyzer are also 

shown. 
 

Also included in the ABL observations are the profile measurements of 
three-dimensional wind speed components (using WPR; Fig.4), air temperature, and 
absolute humidity (using MR) in and around 10 minutes interval. The WPR data were 
partly obtained after the establishment (Fig.5). 
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Fig. 4 Wind profiler radar (WPR) and its observation shelter. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 An example of diurnal variation in profiles of three-dimensional wind speed 
obtained from the WPR. 
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3. Schedule 
  The observations will be carried out continuously from 2004 to 2007 (more than three 
years). Descriptions described below are the finished and planned schedules for the 
establishment of the ABL observation system. 
 
 1) Construction of basement (finished) 
 November, 2003 ～ March, 2004 
 2) Transportation of WPR and FROS from Japan to China (finished) 
 February ～ April, 2004 
 3) Establishment of WPR and FROS (finished) 
 May, 2004 
 4) Observation 
 May, 2004 ～ August, 2007 
 5) Transportation of MR (planned) 
 April, 2005 
 6) Establishment of MR (planned) 
 May, 2005 
 7) Withdrawal of all devises (planned) 
 August, 2007 
 8) Transportations of WPR, FROS and MR from China to Japan (planned) 
 August ～ October 2007 
 
 
4. Expected Results 
  As one of the product, we can obtain plenty of data sets from the ABL observation 
system. Flux data set will be opened for the FluxNet community in worldwide. These 
obtained data sets can be used for the re-evaluation of parameters on ABL turbulence, 
entrainment process, and cloud physics in cloud-layers, using a cloud resolving model 
(CRM). Improved parameterization schemes can be added to some regional climate 
models (RCMs) and re-evaluation of water cycle system in the Yellow River Basin can 
be achieved. These new parameterizations are possible to apply hopefully for the 
re-evaluation of water cycle system in the Yellow River Basin. 
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Table 1 Installation height/depth of FROS. 
 
 

0.4 m Tipping Bucket Rain Gauge Precipitation 

2.50 m 
2.50 m 
0.5 m 

S↓, S↑, L↓, L↑, PAR↓, PAR↑

SpectroRadiometer 
Direct Solar Radiation 

 

Radiation 

5, 5 cm 
2, 10, 20, 40, 80 cm 

2, 2, 10, 20, 40, 80 cm

Soil Heat Flux Plate (x 2) 
Soil Temperature (x 5) 
Soil Moisture Sensor (TDR) (x 6)

 

Underground 

1.86 m 
1.86 m 
1.65 m 
1.90 m 
2.35 m 
2.00 m 

Ultrasonic Anemo.-Thermometer
Infrared CO2/H2O Gas Analyzer 
3-Cup Anemometer 
HUMICAP (Vaisala) 
Infrared Thermometer 
Barometer (Air Pressure Sensor) 

 
 

2-m 

12.17 m 
12.17 m 
11.92 m 
10.52 m 

Ultrasonic Anemo.-Thermometer
Infrared CO2/H2O Gas Analyzer 
3-Cup Anemometer 
HUMICAP (Vaisala) 

 

10-m 

31.75 m 
31.75 m 
31.45 m 
31.57 m 
30.97 m 
31.23 m 

Ultrasonic Anemo.-Thermometer
Infrared CO2/H2O Gas Analyzer 
3-Cup Anemometer 
Wind Direction Sensor 
HUMICAP (Vaisala) 
Infrared Thermometer 

 
 

30-m 

Height / Depth Equipment Stage 
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Bohai Sea Study Project 
 

Tetsuo Yanagi 
Research Institute for Applied Mechanics, Kyushu University 

 
   The intensive field observation was carried out at 15 stations in the southern part of 
the Bohai Sea (shown in Fig.1) from 14 September to 19 September 2004 using two 
fishing boats, one of which is shown in Fig.2.   CTD、ADCP and sun photon 
observations were conducted at 15 stations using one fishing boat.   Water sampling 
for biochemical parameters such as nutrients, chlorophyll a, suspended sediments, DO, 
ｐH, TN, TP and so on was also conducted at 15 stations using another fishing boat.  
In addition to such horizontal and vertical distribution observations, continuous CTD 
measurement every hour, continuous water sampling every two hours and continuous 
ADCP observation every one minute were carried out at Sta.7 during 27 hours from 
11:00 PM 15 September to 2:00 AM 17 September 2004. 
   Field observation was successfully finished and the data analysis is conducting now.   
The obtained data will be used to clarify the physical, chemical and biological 
characteristics of the Bohai Sea related to the Yellow River discharge and to verify the 
hydrodynamic and ecosystem models which are under developing now. 
 

 

Fig.1   Observation stations in the southern part of the Bohai Sea 
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Fig.2  Fishing boat for the field observation in the Bohai Sea 
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Fig.1  Topographic map of the Yellow River delta 
constructed using 3-arc-seconds DEM data obtained by 
SRTM.  Dots indicate the locations where the static GPS 
survey was conducted. 

Precise regional groundwater table measurements at the Yellow River 
Delta 

 
Tomochika Tokunaga1, Katsuro Mogi1, Kyosuke Onishi1, Guanqun Liu2, Shin-ichi 

Onodera3, Kunihide Miyaoka4 and Makoto Taniguchi5 
 

1: Department of Geosystem Engineering, University of Tokyo, Japan 

2: Ocean University of China, P. R. China 

3: Faculty of Integrated Sciences, Hiroshima University, Japan 

4: Faculty of Education, Mie University, Japan 

5: Research Institute of Humanity and Nature, Japan 

 

1. Introduction 
 
The interactions among river water, groundwater, and sea water have been considered 
to be one of the important processes to evaluate the water and nutrient budgets from 
land to sea (e.g., Taniguchi et al., 2002; Burnett et al., 2003).  To better understand the 
interaction among the Yellow River water, groundwater, and sea water at the Yellow 
River Delta area, it is necessary to quantify the regional groundwater table in the 
region.  In this preliminary study, we conducted the static GPS survey and water table 
measurements to delineate the regional groundwater table. 
 
2. Static GPS survey 
and comparison with 
DEM data 
 
We first conducted the 
static GPS survey for 
more than twenty-five 
points to obtain the 
elevation data in the 
studied area (Figs. 1 & 
2).  Then, the obtained 
data were compared 
with three-arc-seconds 
(about 90 m) DEM data 
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Fig. 2  Static GPS survey. 

Fig. 3  Comparison between DEM 
elevations and GPS elevations.  Line 
shows 1 to 1 correlation, dashed line 
deviations of ±0.5 m, and dotted line 
that of ±1 m, respectively. 

(Fig. 1) produced by SRTM (Shuttle Radar Topography Mission), which is the best 
available DEM data in the studied area.  The DEM data tend to show higher elevation 
(more than three meters difference at several locations) compared with the GPS data 
(Fig. 3), suggesting that the three-arc-seconds DEM data are not detailed enough to use 
as the base map for the groundwater survey and that the static GPS survey (accuracy of 
the elevation measurements is about 75 mm in this case) is indispensable for obtaining 
precise regional groundwater table. 
 
3. Characteristics of regional water table in the Yellow River delta 
 
Obtained data show the decrease of water table elevation from the Yellow River to the 
coast, indicating that the Yellow River water is recharging at least to the shallow 
groundwater (Figs. 4 & 5).  The comparison between regional groundwater table at 
September 2003 and that at May 2004 showed the water table drop from September to 
May (Fig. 6). Our results also suggested that the groundwater potential of the shallower 
wells was higher than that of the deeper (20 m) wells (Fig. 7).  The electric conductivity 
values of shallower wells are significantly lower than those of deeper wells (Fig. 8).  
Previous geological study (Xue et al., 1995) showed that upper 4 to 5 m of the sediments 
in the studied area is composed of upper delta plain facies.  On the other hand, the 
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Fig. 4  Water table elevations (in m) of    Fig.5  Water table elevations (in m) of  
the shallow aquifer at September, 2003.    the shallow aquifer at May, 2004. 

Fig. 6  Change of water table (in m)      Fig. 7  Water table elevations (in m) of  
between September, 2003 and May, 2004.  the shallower wells (black dots and  
Negative sign indicates the water table    number in black) and those of deeper (20 
decline from September to May.           m depth) wells (red dots and number in 
                                         red).  Note that groundwater potential 
                                         of shallower wells are higher than that 
                                         of deeper wells. 

 
 
 
 
 
 
 
Fig. 8  Electric conductivity data 
(September, 2003) of the shallower wells 
(black) and the deeper wells (red). 

underlying sediments were deposited mainly sub-aqueous delta and lower delta plain 
environments (Fig. 9).  The observed differences of groundwater potential and electric  
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Fig. 9  Cross-section through the modern Yellow River delta showing the Holocene 
sedimentary sequence (b).  See (a) for location of the section.  After Xue et al. 
(1995). 

conductivity values together with the geological information suggest that the different 
hydrogeological systems exist in the Yellow River delta area. 
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Some unique results on interaction of groundwater and surface water 
in the Yellow River delta 

     
Shin-chi Onodera*1, Kunihide Miyaoka*2, Mitsuyo Saito*1, Tomotoshi 

Ishitobi*3, Makoto Taniguchi*4, Jianyao Chen*5, and Guanqun Liu*6 
 
*1: Hiroshima University, Japan 
*2: Mie University, Japan 
*3: Nara Education University, Japan 
*4: Research Institute for Humanity and Nature, Japan 
*5: Sun Yat-Sen University, China 
*6: Ocean University of China, China  

 
Introduction 

Yellow River has kept the condition with a shortage of the river water since 1990’s in 
the downstream area. To confirm this influence on groundwater environment in the 
delta area and Bo-Hai Sea, our intensive research have begun since 2003 (Taniguchi et 
l., 2004). At our first intensive research, we had some problems as follows: interaction of 
delta sedimentation and displacement of water, nutrient flux from the groundwater to 
the sea, and some environmental effects on groundwater condition such as groundwater 
contamination, seawater intrusion and groundwater decline. Based on the researches in 
2003, we had shifted our view from general and wide hypothesis to detail and unique 
one. The results of groundwater level measurement, water quality, and resistivity 
measurement in 2003 indicated the heterogeneous flow and saltwater intrusion. In 
addition, we confirmed heterogeneous interaction of river, groundwater and saltwater 
depend on the topography and land use, using piezometer method. We also got a result 
on the displacement rate of the salt water to pure water, using soil sampling method at 
the one observation line. These results were presented at WPGM (Miyaoka et al., 2004) 
in Hawaii and AOGS (Onodera et al., 2004) in Singapore, and the preparation of publish 
is also advancing. But we could not determine the mechanism of heterogeneous 
phenomena. The spatial variation in displacement rate could not consider also. 
Therefore, we needed to continue our research with the focused view.  

In this year, we conducted twice of intensive research in May and September. Our 
general objective is continued, but we have some detail objectives; to confirm the 
mechanism of heterogeneous flow of groundwater, to compare the displacement rate of 
the new observation line with that in 2003, to confirm the seasonal variation in 
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groundwater quality, to evaluate the seawater intrusion to groundwater. In this 
newsletter, we want to introduce some unique results in our intensive researches in 
2004. These results also will be published in 2005.   
 

2. Method  
Our research was conducted from May 6 to May 16 and from September 13 to 

September 23 in 2004. In our former research, we conducted groundwater 
measurements and water collections at about 50 wells or boreholes where we collected 
samples in last year (Taniguchi et al., 2004). Those are shown as solid dots in Fig.1. In 
addition, resistivity tests and soil profile collections were carried out at the northern 
observation lines (YN; N1-N5 in Fig.1) and southern line (YS2 in Fig.1).  

 

 
 

In our later research, we conducted the chemical profile measurements and water 

Current beach line 
Groundwater ridge 

Ground surface Groundwater table 
Groundwater valley      Soil collection line 

   Fig.1 Topographic and groundwater table map and locations of observation sites. 

YS1 

YS2 

YS4 

YN1 
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samplings in ten wells or boreholes at the south side area of the river. In addition, the 
resistivity tests and soil profile samplings were carried out at the palaeovalley line and 
palaeoridge line where we detected by the topographic map and groundwater table map 
(YS3 and YS4 in Fig.1). We also measured water levels and collected water samples at 
piezometers located in the riverside area (N10) and seaside area (N9) where we 
constructed those in last year at both research periods. 

Water samples were analyzed in the laboratory for inorganic ions, stable isotopes, and 
radioisotope as 2003. In addition, we extracted soil samples by the distilled water and 
1N NH4+ solution, and the solutions were analyzed for inorganic ions. A part of the 
results of analysis in 2004 has not been completed. 

 
3. Results and Discussion 

Groundwater table figuration 
Fig.1 shows the groundwater table map in the delta in September 2003. Groundwater 

table is high at the riverside or upstream area. Groundwater flow is generally from the 
river to the sea. However, groundwater table is lower than the sea level at the northern 
area (N5). It means the seawater intrusion. In addition, we can find the micro-relief of 

YSYS

YS YS
   Fig.2 Resistivity profiles at YS3 (palaeoridge) and YS4 (palaeovalley) lines. 
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the groundwater table. There are one pair of valley and ridge in the northern area of the 
delta and two pairs in southern area (YS4 and YS3). This type of the micro-relief is 
negligible in terms of the horizontal groundwater flow in case of the homogeneous 
porous medium. However, if the valley of groundwater is a palaeovalley, the medium is 
composed of sandy sediment and muddy sediment in the palaeoridge. That means the 
large difference in terms of the permeability. On the other hand, seawater tends to 
intrude into the palaeovalley. Consequently, we suggest that such micro-relief of 
groundwater is a significant indicator of the nutrient transport or seawater intrusion in 
the seaside area.  

 
Resistivity profile at the palaeovalley and palaeroidge 

Fig.2 shows resistivity profiles at the 
two measurement lines. YS3 line is on the 
ridge of the groundwater and YS4 is on the 
valley, and YS3-1 is located on the seaside. 
In this figure, the color range from the 
blue to the red represents the resistivity 
range from the seawater condition or 
compact sediment with the low value to 
the pure water condition or loose sediment 
with high value. The horizontal axis is the 
horizontal distance of 160m and the 
vertical axis is the depth of 100m. The 
horizontal variation in the resistivity is 
negligible, whereas the vertical variation 
is large and two layers appear. The 
resistivity profile at a palaeovalley is high 
at the surface layer and low at the deeper. 
In contrast, the palaeoridge has the 
inverse profile. This suggests the high 
displacement rate of seawater to the pure 
water with the groundwater flux or 
existence of compact sediment in the surface 
layer at the palaeovalley. In general, 
because the permeable sandy sediment 
buries the palaeovalley, the groundwater 
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flux would be large there. On the other hand, it is a high possibility that seawater tend 
to intrude into older sediment layer under the palaeovalley because of the low altitude 
and seawater going to upstream. These trends agree with the resistivity profile. 
However, we need to confirm whether high salt content water is palaeo-seawater or 
current seawater with considering the adsorbed content.  
 
Chemical profiles in the boreholes 

We conducted the chemical profile measurements at 7 various boreholes by the 
portable chemical meter (temperature, EC, pH, DO, pressure) and we collected water 
samples at two or five various depths in each borehole and more 3. Fig. 4 shows the 
profiles of electrical conductivity and dissolved oxygen concentration at 3 boreholes. One 
is No.21 at the riverside of western delta, No.29 at the palaeovalley and No.S at the 
seaside. We represent Y-axis as the depth below the groundwater table. The average EC 
in the borehole increases from 1mS/m at the riverside to 150mS/m at the seaside. The 
EC also increases from shallow to deep in the borehole. At the palaeovalley, the EC was 
very low in the shallow zone of less than 10m but rose up to more than 50mS/cm in the 
deeper zone. This profile coincides with the resistivity profile. However, the DO 
concentration is high in the deeper. Because here is so far from the beach, the source of 
oxygen in the deeper water is not made clear. At the seaside area, the EC exceeded 
150mS/cm and this value is equal to be three times of seawater in the deeper zone. This 
borehole is located at the salt production field with the area of wider than 1km2. The 
high salt content suggests the density flow of enriched seawater to downward. It is 
necessary to evaluate the source and formation mechanisms of this extremely salty 
water. As described above, the chemical profile in the boreholes supported the existence 
of salty groundwater suggested by the resistivity measurements. But we also need to 
check the geologic profiles in the 
area. 
 
Variation in chemical property 
from the river to the sea 

The chemical properties of soil 
profiles were also analyzed after 
collecting at two palaeoridge and 
two palaeovalley lines. Fig.5 shows 
adsorbed cation content and ratio 
of Na and Ca at the 7 plots on the 
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line (YS1) of 15 km from the river (near N10) to the seaside (near N9). We collected soil 
samples at the 50cm intervals from the ground to the depth of 3m to 4m at each plot. 
The groundwater table was the depth of 1m to 2m below the ground. Each value in Fig.5 
is an average of all values of samples below the groundwater table. The results at a 
palaeoridge line indicated the continuous trend of displacement from the riverside to 
seaside. Adsorbed cation extracted by NH4+ solution was composed of Na+ in the seaside 
area, while it was Ca2+ in the riverside area. This means that the displacement from 
Na+ to Ca2+ occurred in the inland area. Using the simple water balance model, the 
displacement rate was estimated to be 20 years at 15km of inland from the beach. It is 
similar to the sedimentation age. However, adsorbed Na+ content at the 15km from the 
beach was only one sixth of the value of seabed sediment. This high content coincides 
with the resistivity property in the surface layer. This means that the soil keeps high 
Na+ content as the adsorbed condition in the soil. We need to compare such results with 
those in the palaeovalley. 

4.. New tasks to the next year 
Based on our intensive researches in this year, we confirmed some unique results. 

The heterogeneity of groundwater flow environment and its influence on the 
displacement rate were so significant facts for the determination of nutrient flux and 
seawater intrusion in the delta area. However, we also found some tasks. Those are the 
confirmations of seasonal variation and spatial variation mechanisms in the 
groundwater flow and nutrient transport as irrigation, land use and 
palaeo-hydrogeomorphological process, deeper groundwater flow in both the area under 
the palaeovalley and palaeoridge, heterogeneous nutrient flux to the sea, and the 
relationship between groundwater flux and Yellow river. Consequently, we need more 4 
boreholes at the sites where we conducted resistivity measurements at least.  

On the other hand, we have so many other data, which we could not introduce here. 
For example, those are the automatic data of piezometric head, temperature and 
conductivity at the new boreholes, seasonal variation in chemical component and 
isotopic component of groundwater. In addition, we have not discussed the relationship 
between the groundwater environment and groundwater discharge characteristics etc. 
Therefore, we will get more results after additional analysis and discussion. 
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V  List of related meetings 
 
 
(1)  2nd International Workshop of the Yellow River Studies 
   November 8-10, 2004, Kyoto, Japan 
   Organizers: Yoshihiro Fukushima (RIHN) and Changming Liu (CAS) 
 
(2) Coordinating Committee for Geoscience Programmes (CCOP) in East and 

Southeast Asia Meeting 
   November 15-18, 2004, Tsukuba, Japan 
    
(3) Global Water System Project (GWSP) Consultation Workshop 
   December 6-7, 2004, Bonn, Germany 
   Organizer: GWSP http://www.gwsp.org/  
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