
Research Article - doi: 10.3832/ifor1169-007 ©iForest – Biogeosciences and Forestry

Introduction
Miyun  reservoir,  located  approximately

100 km northeast  of the Beijing municipa-
lity, is one of the most important surface wa-
ter supply sources for the 20 million people
living in  the  metropolitan  area.  Change  of
land use and agricultural management during
the last decades are the main reasons for the
strong  increase  in  sediment,  nitrogen,  and
phosphorus input into the reservoir, causing
water quality problems (Peisert & Sternfeld
2004,  Ou  &  Wang  2008).  Long-term
droughts,  sediment  delivery through  debris
flows  as  well  as  fish  pond  economy  and
tourism  are  additional  stressors  for  water
quality  and  quantity  (Peisert  &  Sternfeld
2004, Tao et al. 2005, Wang 2006, Cai 2008,
Ma et al. 2010).

Mitigation options to reduce nitrogen and
phosphorus  pollution  have  to  be  strongly
promoted on both, local and regional scale.
To  fulfill  these  requirements  in  the  frame-
work  of  the  IWRM  project  “Development
and implementation of a scientifically based
management  system  for  non-point  source
pollution  control  in  the  Miyun  basin”,  a
scaled monitoring approach was installed to
get insight into runoff generation processes
and sediment and nutrient transfer dynamics,
accomplished  by a  process-based modeling
with the WaSim-ETH/IWAN approach (Ol-
lesch  et  al.  2006)  in  small  subcatchments
(Meißner  et  al.  2011,  Meißner  & Hagenau
2013).  Web GIS-based software STOFFBI-
LANZ  was  used  to  simulate  the  runoff
(Allen  et  al.  1998,  NRCS 2004),  sediment

(Kinnell 2001), and the nutrient input in the
whole catchment area (approx. 15 654 km²)
for the current situation, as well as to check
the effectiveness of mitigation options. Deci-
sion  support  will  be  ensured  by  different
simulations considering a selection of miti-
gation  options  in  order  to  optimize  future
management  in  the  catchment  area.  Point
sources  and  pathways  of  waste-water  were
analyzed by an additional  partner  from the
University of Rostock (Kröger et al. 2012).

The objective of this paper are: (i) the cali-
bration of our simulation of water fluxes at
the plot scale (lysimeter); (ii) the testing of
our modeling at subcatchment scale (Sheyu-
chuan); and (iii) the transfer of our approach
to the meso-scale Miyun catchment area.

Study area and data

Total catchment area
The area of the Miyun catchment with a to-

tal  extent  of approx.  15 654 km² is part  of
the provinces Beijing and Hebei, bordering
the Mongolian Plateau in the northern parts
of China.

Due to limitations of data availability, free
available  spatial  data  (30  × 30  m ASTER
DEM, 30 × 30 m Landsat TM, Harmonized
World  Soil  Database  (FAO/IIASA/ISRIC/
ISS-CAS/JRC 2009) combined with a digital
soil mapping procedure, were used to get in-
formation about the basic landscape pattern.
Necessary  daily  meteorological  and  atmo-
spheric data were disaggregated from mean
monthly  WorldClim  datasets  (WorldClim
2013 - Global climate data, 1000 × 1000 m)
combined  with  daily  information  from se-
lected  weather  stations  for  one  particular
year (2009). These data were integrated into
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Change  of  land  use  and  agricultural  management,  combined  with  severe
droughts during the last two decades, are the main reasons for a strong de-
crease of water quality and quantity in the Miyun reservoir (China). Due to
semi-arid monsoon climate, episodic water fluxes have to be considered ade-
quately in an integrated water resources management in the total catchment
area. To get insight into runoff generation processes, sediment and nutrient
source areas and transfer dynamics, a monitoring approach was established in
the Miyun catchment area spanning from plot measurements with weighable
gravitation lysimeters and in situ measurements to a subcatchment scale of ap-
prox. 10 km2. One of these subcatchments (Sheyuchuan) was selected to adapt
the methodologies to the regional runoff pattern using the web GIS-based mo-
deling tool STOFFBILANZ. Calibration of the daily runoff modeling is based on
the  lysimeter  observations  from  Shixia  station  and  runoff  observations  in
Sheyuchuan subcatchment for the reference year 2011. Despite the fact that
the climatic water balance in the region is negative, the precipitation event on
24 July 2011 with a rainfall of 107 mm caused a significant leachate at the
lysimeter. The daily modeling for the lysimeter core by the FAO-ETc-adj approach
showed a similar deep percolation and a similar distribution of evapotranspira-
tion for the year considered. In the next step, the calibrated model was ap-
plied to the subcatchment Sheyuchuan to compare the results of direct runoff
and groundwater runoff (deep percolation) with the runoff observations at the
weir. Deep percolation was extremely small (1.7 mm yr-1), and direct runoff
was  26.9 mm yr-1 in 2011. In comparison to the monitoring results at the weir,
a disagreement in the quantity of runoff was found between the observation
on the one hand and the simulation on the other hand, which can be explained
by water storage in reservoirs for irrigation purposes. Additionally, the water
fluxes in the total catchment area were simulated at meso-scale, obtaining a
good correlation with observed values.

Keywords:  Bottom-up,  Direct  Runoff,  Lysimeter,  Meso-Scale,  Miyun,  Model,
Percolation
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a grid with variable cell size (125  × 125 m
up to  500  × 500  m;  approx.  366 000  grid
cells) by using a  QUADTREE procedure (Fig.
1). Cropland as well as residential areas got
the highest  resolution  in  order  to  optimize
the indication of critical source areas.

The  major  part  of  the  Miyun  catchment
area is mountainous with steep inclinations
with elevation ranging from 60 to 2200 m
a.s.l.  Annual  average  precipitation  in  the
sub-humid  continental  monsoon  climate  is
lower than 500 mm yr-1 and occurs mainly in
summer, whereas winter and spring are ex-

tremely dry (Chen et al. 2010). Precipitation
increases from east to west, annual average
temperature  increases  from  south-east  to
north-west,  ranging  from  6.3  to  10.9  °C.
Land cover is dominated by rocky mountain
forest  (54.8%)  with  a  smooth  transition  to
shrubbery, heath and dry grassland (31.5%).
Cropland  (10.7%)  can  be  found  mainly in
the  valleys  and  intra-mountainous  basins
(Fig. 2), carrying fertile soils in Quaternary
sediments (e.g.,  loess),  but  also on the dry
bottoms of the Miyun reservoir with its con-
tinually decreasing water surface, caused by

droughts in the last twenty years.
According to  Zhou et al.  (2010) cropland

in the counties Chicheng, Fengning and Lu-
anping (reference year 2005) is about 8.1%,
which is close to the 9.2% value obtained for
the  same  region  by processing  the  remote
sensing in the study area. Residential  areas
have  a  share  of  1%.  Economic  deciduous
and coniferous  forests  have a  share  of  ap-
prox. 1%. Bare soils and wasteland (mining
areas)  are  about  0.1%,  surface  waters  are
about  0.5%. Parameters of agricultural  ma-
nagement,  livestock density and population
density were taken from the China Statistical
Yearbooks  (China  Statistics  Press  2010,
2011).  Census  data  were  provided  by  the
Chinese authorities, aggregated to the town-
ship  level  for  both  provinces  Beijing  and
Hebei. Recently, major planted crop is corn
(64%  in  Miyun  County),  followed  by  or-
chards (25% in Miyun County).

According to the typology of the Harmoni-
zed  World  Soil  Database  (FAO/IIASA/IS-
RIC/ISS-CAS/JRC 2009) there is a mixture
of Fluvisols, Luvisols, Cambisols and Kasta-
nozems/Greysems in flat or hilly areas, whe-
reas the mountainous area is mainly covered
by Leptosols. The soil information is based
on the FAO soil map, combined with a ter-
rain  analyses  to  exclude  natural  vegetation
areas, which are not significantly represented
in the FAO map. Our experiences from the
field trip showed that these areas are mainly
covered by Leptosols.

Subcatchment Sheyuchuan
In contrast  to the approach for the whole

catchment,  some  digital  spatial  data  regar-
ding elevation, soil and land use in the She-
yuchuan subcatchment were provided by the
Water Authority (BWA). Sheyuchuan is lo-
cated in  the north-west  of Miyun reservoir
with a total extent of approx. 10 km2.  It  is
characterized by a regional specific land use
pattern (Fig. 3) and a regional specific agri-
cultural land use as well, with flat terraces in
slope  areas,  covered  by  corn  or  orchards.
Climate data are taken from the Shixia me-
teorological  station  (temperature,  precipita-
tion) for the reference year 2011.

Methodology and technology
The  web  GIS-based  software  STOFFBI-

LANZ  (Gebel  et  al.  2010,  2012a,  2012b)
was used to  calculate  runoff,  sediment  and
nutrient  input  in  the whole catchment  area
(variable grid size from 125  × 125 m up to
500 × 500 m), as well as in the subcatchment
Sheyuchuan (fixed grid size of 50  × 50 m).
The approach is suitable for modeling on re-
gional scale and requires a minimum of pa-
rameters to run the model. Calibration of the
modeling was done on the basis of a conti-
nual  monitoring,  established  on  the  plot-,
field  and  subcatchment  scale  (Meißner  &
Hagenau  2013).  The  subcatchment  Sheyu-
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Fig. 1 - Data sources for the meso-scale modeling approach in total Miyun catchment and
subcatchment Sheyuchuan.

Fig. 2 - Land use in the total catchment area.
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chuan  was  used  to  link  the  process-based
modeling  by  WaSim-ETH/IWAN  with  the
web-based meso-scale modeling, using a hi-
gher  spatial  resolution,  compared  to  the
whole catchment modeling.  The conceptual
design of this nested modeling approach is
shown in Fig. 4.

Due  to  semiarid  monsoon  climate  daily
FAO dual crop evapotranspiration under soil
water  stress  conditions  was  integrated  into
the modeling (Allen et al. 1998). Daily sur-
face runoff was calculated according to the
Curve number approach (NRCS 2004).

Meteorological data disaggregation for 
the total catchment area

Grid-based climate data were only given as
monthly long-term average values from the
WorlClim dataset (1960-1990, 1 km2). In or-
der to generate a daily distribution of tempe-
rature and precipitation values, the monthly
WorldClim data was combined with a daily
distribution from a given meteorological sta-
tion in the central part of Miyun catchment
area  for  reference  year  2009.  Thus  it  was
possible  to  consider  the runoff events  in  a
daily resolution, whenever the monthly sum
of precipitation corresponds to the long-term
WorldClim  dataset.  Daily  meteorological
data are the result of this disaggregation and
do not  correspond directly to  observed va-
lues in detail. If real values were available in
the future, they should be used instead of the
modeled ones. Nevertheless, it was possible
to simulate water fluxes based on these data,
which give a typical impression of the recent
situation  of  runoff  in  a  daily  resolution.
From our  point  of  view,  this  is  absolutely
necessary in  the study area with its typical
monsoon climate.

In subcatchment Sheyuchuan climate data
from Shixia station were used for the year
2011.

Daily direct runoff QD

Grid cell-based direct runoff QD was simu-
lated  on  the  daily  based  Curve  Number
approach  (detailed  description  is  given  in
Hawkins et al. 2009) as follows (eqn. 1, eqn.
2, eqn. 3):

where Ns is the storm rainfall event [mm], IA

is  an  initial  abstraction,  representing  the
losses  before  runoff  begins  [mm],  S is  the
potential  maximum watershed  water  reten-
tion  after  runoff  begins  [mm],  CN is  the
daily curve  number dependent  on  land-use
type hydrological soil group.

Evapotranspiration and percolation 
from root zone to groundwater table

The  FAO Penman-Monteith  equation  de-
termines the evapotranspiration from the hy-
pothetical  grass  reference  surface  ET0 and
provides a standard to which evapotranspira-
tion  in  different  periods  of  the  year  or  in
other regions can be compared and to which
the evapotranspiration from other crops can
be  related  (see  Allen  et  al.  1998 for  more
details). The modeling of daily crop evapo-
transpiration under non-standard conditions
(ETc-adj)  is  based on  the following equation
(Allen et al. 1998 - eqn.4):

where  ETc-adj is the adjusted crop evapotran-
spiration [mm d-1],  KS is the water stress co-
efficient, Kcb is the basal crop coefficient, Ke

is the soil evaporation coefficient, ET0 is the
grass reference evapotranspiration.

Following heavy rain or irrigation,  down-
ward  drainage  (percolation)  of  water  from
the topsoil layer (DPe,i - percolation from the
evaporating layer into the root zone) is cal-
culated as (eqn.5):

where De,i is the cumulative depth of evapo-
ration  (depletion)  following  complete  wet-
ting at the end of day i [mm],  Pi is the pre-
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Fig. 3 - Land use in the Sheyuchuan subcatchment.

Fig. 4 - Conceptual design of the modeling approach.
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cipitation on day i [mm], ROi is the precipi-
tation runoff from the soil surface on day i
[mm], Ii is the irrigation depth on day i that
infiltrates into the soil [mm],  fw is the frac-
tion of soil surface wet by rain or irrigation.

As  long  as  the  soil  water  content  in  the
evaporation  layer  is  below  field  capacity
(i.e.,  De,i  > 0),  the  soil  will  not  drain  and
DPe,i = 0. Following heavy rain or irrigation,
the soil water content in the root zone might
exceed  field  capacity,  and  DPi (daily deep
percolation)  may  be  calculated  as  follows
(eqn. 6):

where  DPi is the water loss out of the root
zone by deep percolation on day i [mm] and
Dr,i-1 is the water content in the root zone at
the end of the previous day, i-1 [mm]. 

As long as the soil water content in the root
zone is below field capacity (i.e.,  Dr,  i > 0),
the soil will not drain, and therefore DPi = 0.

A detailed description of the methodologies
is given by Allen et al. (1998).

Parametrization and testing in a 
nested approach

Calibration  and  testing  of  the  meso-scale
modeling approach was done on the basis of

the continual monitoring of the UFZ (Meiß-
ner & Hagenau 2013) at the lysimeter station
(plot  scale)  and  in  the small  subcatchment
Sheyuchuan (microscale).

Lysimeter observation and simulated 
deep percolation

The  lysimeter  data  revealed  a  substantial
amount of seepage water in July 2011, cau-
sed by a heavy rainfall of more than 100 mm
d-1 (Meißner  & Hagenau 2013).  The moni-
toring results underline that the episodic cha-
racter of the rainfall pattern and the proces-
ses which this sets into motion have to  be
modeled with a high resolution on the meso-
scale  in  order  to  properly  depict  critical
source areas, transport pathways and solute
loads. The lysimeter observations were used
to learn from the processes of runoff genera-
tion and to calibrate the ETc-adj and deep per-
colation  simulation  (Tab.  1).  The lysimeter
core was taken from an intensive field corn
site near the reservoir (Meißner et al. 2011).

The difference between the observed rain-
fall at the lysimeter and the corrected rainfall
at a meteorological station nearby (Hellmann
rain gauge) underlines that there is a signifi-
cant  influence of  the  dewfall,  especially at
the plant-covered lysimeter plot  in summer
(Meissner et al. 2013). To consider this addi-

tional water supply of approx. 60 mm during
summertime, the observed “Hellmann”-rain-
fall was corrected by 1.15 on rainy days for
June, July and August as the result of an ite-
rative approach, based on the detailed analy-
ses of the lysimeter data (UFZ). The increase
of rainfall amount is about 61 mm. A further
correction was made for the ET0 term, which
meant  a  reduction  for  the  same  period  of
time  by 0.90.  This  is  due  to  the  fact  that
evapotranspiration was supposedly overesti-
mated during the summer period with rain-
fall and dewfall and very high air humidity
on the crop site.

Fig. 5 depicts the result of this calibration.
The simulation of evapotranspiration corre-
sponds  well  with  the  observation.  In  sum-
mertime the amplitude of simulated evapo-
transpiration  is  much  lower  than  that  ob-
served by the lysimeter.  This  is  due to  the
fact that the simulated soil moisture and the
evapotranspiration term as well remain at a
constantly high (maximum) level in that pe-
riod. Plant interception and the evaporation
from the plant surface are not included in the
modeling in an adequate way, because it is
focusing on soil-water-plant-interactions.  In
contrast to that the lysimeter peaks give con-
tinual (every 10 min) information about the
changes of mass,  caused by the fluctuating
evapotranspiration term. A positive peak ap-
pears after the rainfall event and shows, how
much water is evaporated from the wet soil,
but also from the wet plant surface. The ob-
served evaporation by the lysimeter is there-
fore  slightly higher  compared  to  the simu-
lated one.  The simulated values were com-
pared to the observed ones for average va-
lues of periods of seven days. The calculated
Nash-Sutcliffe  model  efficiency  coefficient
is 0.78 (Nash & Sutcliffe 1970). According
to the soil-water-fluxes, which are more im-
portant from our point of view, the results of
the  simulated  deep  percolation  correspond
well with the observed one with a calculated
Nash-Sutcliffe  model  efficiency  coefficient
of 0.75 for the same periods.  A daily com-
parison was neglected, because flow distance
and retention time is not included in the soil-
water-budget of the  ETc-adj approach and re-
spectively in the Curve number approach.

Comparison of runoff monitoring and 
runoff simulation in subcatchment 
Sheyuchuan

Simulations  in  subcatchment  Sheyuchuan
were done for 2011 too,  using the detailed
information about the runoff situation at the
automatic gauging station for this year. The
runoff curve is based on the observation of
the water level (h) in a five minute interval,
combined with a  h/q relationship. Observed
total runoff is about 80 000 m3 y-1 and 7 mm
y-1 respectively (Fig. 6).

A first  significant runoff peak appears on
July 24, being the precipitation events before
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Tab. 1 - Crop coefficients for the simulation of the lysimeter plot (2011).

Coefficients “field corn” / soil properties Values / description
Kcb ini 0.15
Kcb mid 1.15
Kcb end 0.15
Plant height [m] 3.0
Development stages [d] Initial: 30, development: 40, mid: 50, late: 50
Max. root depth [m] 1.0-1.7
Depletion fraction 0.55
Plant date 5 May 2011
Soil texture Silt loam

DP i=( Pi−RO i)+ I i−ETC ,i Dr , i−1

Fig. 5 - Comparison of measured lysimeter data and model results for actual evapotranspira -
tion and deep percolation for 2011.
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this  time not  relevant  for  the runoff at  the
weir. The sum of observed runoff in this sub-
catchment is rather small,  in comparison to
regional literature data. According to  Ma et
al. (2010), there is an average total runoff of
41.8 mm yr-1 in  the Miyun catchment  area
from 1984-2005, with an estimated water ab-
straction of 20% for irrigation purposes. For
the period from 1998 up to 2005, total runoff
is lower than 30 mm yr-1. Nearly half of this
is  abstracted  for  irrigation  leading to  a  re-
spective decrease of the inflow into the re-
servoir.  This  evaluation  corresponds  to  the
BWA data for the period 2000 to 2005 with
average runoff values of 17.3 mm yr-1 (Bai
River) and 15.4 mm yr-1 (Chao River in the
more dry Western part) respectively, but also
to UNEP (2008) with an annual total runoff
in the Miyun catchment area of 13 mm yr-1.

A closer  look  into  subcatchment  Sheyu-
chuan shows that there might be a large wa-
ter  abstraction  too,  which  could  exceed
100 000 m3 per year. For the biggest reser-
voir  upstream  from the  weir  an  estimated
storage capacity of approximately 40 000 m³
was  constituted.  It  was  completely  filled
with water in winter that was probably stored
for water supply on cropland in spring time.
It is supposed that there might be a large wa-
ter abstraction in the following months too,
to ensure irrigation on cropland during the
vegetation period that has to be included in
the discussion of monitoring and modeling
results with the Chinese regional partners or
the Chinese stakeholders in the region.

Simulated direct  runoff for  2011 is  about
27 mm yr-1 and presented in  Fig. 7. Higher
values were calculated on cropland, residen-
tial areas and bare soil, lower ones on areas
with  a  natural  or  semi  natural  vegetation
(mountain forest, shrubs).

The results of the deep percolation mode-
ling according to  the  ETc-adj-approach show
higher  percolation  rates  on  cropland,  resi-
dential areas and areas with bare soils. A si-
gnificantly low percolation was simulated on
sites with a natural or semi natural vegeta-
tion, because of the higher soil coverage by
plants and the higher evapotranspiration ra-
tes. A comparison of measured and simulated
runoff parameters for Sheyuchuan is shown
in  Fig.  8. Simulated water fluxes are abso-
lutely dominated by direct runoff (26.9 mm
yr-1),  deep percolation is about 1.7 mm yr-1

only.  Simulated  total  runoff  is  about  28.6
mm yr-1.  The  observed  one  is  much  lower
with  7  mm  yr-1.  Calculated  Nash-Sutcliffe
model efficiency coefficient for average va-
lues of periods of seven days is 0.01, which
is an expected low value (Nash & Sutcliffe
1970).  Comparing the simulation  to  obser-
ved values one has to be aware that the mo-
del  is  not  able  to  record the time delay of
groundwater runoff in general. Flow distan-
ces and retention time are not included in the
soil-water-budget of the ETc-adj approach.
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Fig.  6 -  Observed runoff at  the downstream weir  of Sheyuchuan (north-western part)  in
2011.

Fig.  7 -  Simulated  direct  runoff  for  Sheyuchuan  subcatchment  in  2011  (sums  of  daily
values).

Fig. 8 - Comparison of observed and simulated runoff parameters for Sheyuchuan subcatch-
ment in 2011.
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Fig. 9 - Simulation of FAO-grass refe-
rence evapotranspiration in the Miyun 
catchment area (reference year 2009).

Fig. 10 - Simulation of direct runoff in 
the Miyun catchment area (reference 
year 2009).

Fig. 11 - Simulation of the percolation 
from the evaporating layer into the root 
zone in the Miyun catchment area (re-
ference year 2009).
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According  to  modeling,  four  big  rainfall
events  are  causing  runoff  events  as  well.
Only three of four show a significant runoff
peak at the weir. For the last rainfall event
before the big rain on 24 July 2011 starts,
the simulated peak is not confirmed by the
weir  observation.  One  possible  reason  for
this  phenomenon  could  simply be  the  fact
that  the  runoff  is  stored  in  reservoirs  up-
stream the weir. The runoff generation at the
weir would then start after the storage capac-
ity was exceeded. The first simulated runoff
event is about 4 mm and corresponds to the
estimated storage capacity of the biggest of
these reservoirs. Additionally, it is worth to
mention that the observed difference can be
caused  by uncertainty of  the  simulation  as
well.  Secondly, it has to be considered that
there is no meteorological station located in
the subcatchment to give detailed site-speci-
fic information about  the events.  Therefore
Shixia station was used, which is about 20
km far away from Sheyuchuan.

Finally, we can state that the main events in
the simulation  are  described  well  from the
chronological point of view. The differences
in runoff amounts  can be explained by the
estimated water abstraction. However, secure
information about the amount of such water
withdrawal  is  missing  at  the  moment.  The
results were also compared with the WaSiM-
ETH-simulation  (Meißner  &  Hagenau
2013). The simulation of the total runoff for
reference  year  2011  of  Sheyuchuan  (45.8
mm yr-1)  support  the  hypothesis  of  a  large
water  abstraction  upstream  the  weir.  The
simulation by the STOFFBILANZ software
also corresponds well to average values gi-
ven in literature (see the discussion above).
In summary it should be able to give suffi-
cient  information  about  runoff  generation
and water fluxes at the meso-scale too.

Simulation in the Miyun 
catchment area

After  the  successful  calibration  at  the
lysimeter  station  and  the  testing  in
Sheyuchuan  subcatchment,  the  knowledge
on  the  local  process  generation  was  trans-
ferred  into  the  total  catchment  area  of
Miyun.  According  to  the  meteorological
dataset, all calculations are based on the cli-
mate data pool of 1960 to 1990,  combined
with  the  event-based  daily  meteorological
data  for  the  year  2009  from  the  central
Shixia  meteorological  station  at  Miyun
catchment area. Thus it was not possible to
validate the results for a particular year, but
only  by  long-term  observations  of  total
runoff.

Fig. 9 shows the results of the FAO-grass
reference evapotranspiration modeling, rang-
ing from 970 mm yr-1 in  the  south-eastern
part  to  1.293 mm yr-1 in  the north-western
part.

The simulation of direct runoff is presented
in  Fig.  10.  The average value for  the total
catchment area is about 11.7 mm yr-1. Perco-

lation  from  the  evaporating  layer  into  the
root  zone  was  calculated  by the  ETc-adj-ap-
proach with an average value of 132.5 mm
yr-1 for the total catchment (Fig. 11). Perco-
lation from the root zone into groundwater is
about 3.1 mm yr-1 (Fig. 12). Average values
for  direct  runoff,  percolation  into  the  root
zone,  deep percolation and total  runoff are
reported in  Tab. 2 on the county level (ad-
ministrative units forming the whole Miyun
catchment).

According to UNEP (2008), the annual wa-
ter inflow into the Miyun reservoir is about
200 000 000  m3,  corresponding  to  a  total
runoff of 13 mm yr-1. BWA confirmed these
data for the period 2000 to 2005, with ave-
rage runoff values of 17.3 mm yr-1 (Bai river)
and 15.4 mm yr-1 (Chao river), respectively,
and  a  range  from 7.4  to  31  mm yr-1 (Bai
river). Water abstractions, which can be esti-
mated as 20% of the total runoff in the mini-
mum (Ma et al. 2010), have to be added to
compare  the  observed  values  with  the  si-
mulated total  runoff in  the Miyun basin of
15 mm yr-1. According to these estimations,
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Fig. 12 - Simulation of deep percolation
(groundwater runoff) in the Miyun

catchment area (reference year 2009)

Tab. 2 - Average values for direct runoff, deep percolation and total runoff in counties for the
reference year 2009.

County
direct runoff

[mm yr-1]
deep percolation

[mm yr-1]
total runoff
[mm yr-1]

Chengde Xiàn 0.9 0.6 1.5
Chicheng 9.2 2.7 11.9
Chongli 13.0 4.6 17.5
Fengning Manchu 11.5 3.3 14.8
Guyuan 15.5 2.3 17.8
Huailai 10.9 1.4 12.4
Huairou 12.9 0.7 13.6
Luanping 17.5 2.8 20.2
Miyun 13.3 7.9 21.2
Xinglong 15.3 1.3 16.6
Xuanhua 12.1 3.4 15.5
Yanqing 8.3 0.8 9.1
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the simulation results are in good agreement
with the range reported in the literature and
with data from monitoring. Nevertheless, the
simulation tends to give values slightly too
low. Maybe this is due to the fact that there
is an underestimation of the cropland share
(Xu et al. 2009) by the remote sensing sur-
vey.  Cropland and residential  areas are  the
most  important  land  use  types  for  runoff
generation.

Conclusions and outlook
So far, different studies have dealt with the

problems of water quality and water quantity
in the Miyun catchment  area (Ou & Wang
2008,  Xu et al. 2009,  Chen et al. 2010,  Ma
et al. 2010,  Tian et al. 2009). Nevertheless,
there is a lack of regional specific knowledge
about the processes of runoff generation and
sediment and nutrient  dynamic.  Quantifica-
tion  of water,  sediment  and nutrient  fluxes
and  identification  of  relevant  processes  is
difficult  and  yet  not  accomplished  so  far.
Ongley et al. (2010) compared primary me-
thods used for non-point source (NPS) esti-
mation in China with their use in America.
They postulate, that an “empirical research is
limited and does not provide an adequate ba-
sis  for  calibrating  models...”  and  that  “the
Chinese agricultural situation is so different
from that of the United States that empirical
data produced in America, as a basis for ap-
plying estimation techniques to rural NPS in
China, often do not apply”. First monitoring
results emphasize the necessity to learn from
the processes  first  and  then  to  parametrize
the modeling tools in order to consider the
specific regional  situation of climate,  relief
and  management  (Meißner  &  Hagenau
2013).

In the current project it was possible to get
insight into these processes by a scaled mon-
itoring approach which formed the basis for
modeling and demonstration projects on dif-
ferent scales up to the meso-scale modeling
in the total catchment area.

Calibration of the runoff model was done
with the help of the lysimeter and runoff ob-
servation  in  Sheyuchuan  subcatchment,  re-
spectively. The simulated runoff was valida-
ted  using values from runoff  and sediment
stations (2000-2005) for Chao River and Bai
River. In general, a good agreement of simu-
lated and observed values was found, but we
have also to state that this kind of validation
is very rough. This was due to the fact that
the  availability  of  spatial  and  monitoring
data  (runoff,  nutrient  loads  and  concentra-
tions)  was extremely limited.  The high un-
certainty of data should be reduced in future
water resources management by the respon-
sible  water  authorities  in  order  to  increase
the reliability of the simulation results.  On
the other hand, it was possible to get insight
into the processes of runoff by the bottom-up
approach, which provided absolutely neces-

sary data  to  calibrate  the model.  By using
this knowledge a scientific basis to integrate
the modules to  simulate water and nutrient
fluxes as well  as to  test  mitigation  options
was built  up.  This is a very important first
step  to  come  to  an  integrated  river  basin
management.  The  STOFFBILANZ  Viewer
can be  used as  an  instrument  for  planning
purposes  that  should  be  further  improved
and adapted to the special issues in the re-
gion in cooperation with the developer team
from GALF bR. The current version is free
for  use  at  http://www.stoffbilanz.viewer.de
(password  protected)  for  the  Beijing Water
Authority (BWA), that was consequently in-
tegrated into the development of methodol-
ogy and technology, and received the neces-
sary training to use the software for decision
support in the future. BWA has representa-
tives in rural communities and is a multiplier
for  knowledge  transfer  and  implementation
of  project  results.  Due  to  comparably  big
problems of water pollution in various parts
of  China  as  well  as  in  many other  Asian
countries,  we  took  into  consideration  that
modeling  and  decision  support  should  be
easily transferable to any other region with
similar issues.
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