Foreword

This publication was first written ag a report for the Norrkiping
Conference of the WMO project "Intercomparison of Conceptual Models of
Snowmelt Runoff" in September 1983, except for Chapter 7 of Part 2.

However, by adding many appendices, this publication can now be used as a
handbook or textbook for the tank model. As my papers, reports and books
on the tank model have been mostly written in Japanese, I believe that this
publication will be of some significance for hydrology.

Readers can get o rough outline of the tank model and its automatic
calibration method from Part 1, which is « general description of the tank
model with its snow component. Detailed descriptions are given in corre-
sponding appendices while Part 2 gives examples of runoff analysis which
will help readevs to understand how to calibrate the tank model.

The tunk model is usually classified us a deterministic paramg tric
Lwnped model and it is coneidered as a black box model by many hydrologists.
fowever, we can ask ourselves, if it 18 a mere black box, how can such a
stmple tank model successfully simulate piver discharge from high flood
Flows to low base flows? There must be some phystical meaning in the tank
model.,

The tank model had ite origin in the idea that to represent surjface
runcff and intermediate runcff two water storages are necessary. After a
while, two more storages weve introduced to represent base flow and the
present form of the tank model was obtained. Very recently, ve were able to
find the phenomenon to prove the existence of two kinds of water storage, by
analysing the record of crustal t1lt meters affected by rainfall (Appendiz 1,
1.3.8). Also, we could find a phenomenon which can be explatned by two

water storages for the base flow but which is impossible to explain by a



single tank (Appendix 1, 1.8.4). To scme extent, these are the physical
meanings of the tank model.

On the surface of the ground there arve river channels by which the most
part of surface water transpertation is carried out. However, the area of
the viver channels is negligibly small compared with the whole area of a
basin. Therefore, if we pick up vandom sample points in a basin, the proba-
bility that some sample pointe fall on a river channel must be very small,
probably near to zero, even if the sarple stze i very large. Similarly,
if we select some small random sample area in the basin, the possibility
that the sample area would include a river channel is also very small.

This means that, by such a random sampling method, we eannot ecateh the real
image of water transportation on the ground surface.

We cannot observe the structure under the ground surface but can tmag-
ine that the transportation of groundwater is mosily carried out through
some eingular domains such as sediment layers, faults, fissures etc. and
that the total volwme of such singular domaine ie very small comparad with
the whole volume. We can find an evident example of such singular strucs
tures in karst regions. FEven in a homogensous sediment layer, we can ‘mag-
ine that woter transfers mostly through routes of three dimensgional net-
works, which 1s somewhat similar to river channels on the ground surface.

OFf course, these water routes are not stable. Some routes will be siopped
by sedimentation and other routes will be opened by washing away of sand
and eilt. In spite of such an unstable micro structure of three dimensional
network-1ike water routes, the sediment layer seems to be homogeneous in
macroccopie outlook. The structure of groundwater movement in a basin may
be somewhat similar to this but on a larger scale.

In the case of such a structure in which water transfer occeurs mostly
through a singular domain with comparatively very small volume, ressarch or

experiments carvied out by sample points or by small sample arveas cannct be
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reliable. This may be a reascn why experimental basing are not so useful
and why transfer of the resulte obtained from experimental basing to large
baging ie very difficult.

Thera ig another difficult fundamental problem concerned with such
structures, A water route will be stopped when it ig blocked only at one
roint along the voute and an impermeable layer will pass water freely when
there ig only one hole somewhere in tt. The total response of such struc—
tures ts very difficult to analyse from point inspectiomns or small area
experiments and it is better to analyze as & total by somz masroscopic
method. Runoff analysie by the tank model is such a eort of approach by
total response. Moreover, we expect that the tank model itself is a sort
of structural approach to the discontinuous structure such ae foults, gape
and fissures.

When I had the idea of the tank model, I was very ancious about the
problem of how to calibrate the model. However, despite my anwiety, cali-
bration of the tank model by the trial and error method wae rather easy and
interesting. It was a sort of numerical experiment; and much expevience
and information were accumulated through the trial and error procedures,

In the early days, I could not use a computer and so the trial and error
procedures were carrvied out by manual caleculation. It wae troublesoms hard
work and 4t tock a very long time but model calibration by the trial and
error method was proved possible. For more than twenty years, I have been
analysing the runoff structure of many river basinsg by the trial and error
method, Of course, in later days, we used computers in the trial and error
method. A feedback cycle composed of a computer and human judgement was
very effective and efficient.

In 1875, I retived from the post of divector of the National Research
Center for Disaster Prevention. I was fo become a profesgor ot the Asian

Institute of Technology at Bangkok from April 1976 and I expected to analyze



river basing in various parte of Asia. However, just before I was due to
start this job, it was found that I was suffering from gallstones and I was
unable to go to Bangkok.

Then, I consideved; what shall I do? I was &8 at that time and I was
not young. My knowledge, technique and way of thinking about the tank model
would be lost in the not so far future. It should be my duty to translate
my knowledge and technique into computer language. [This work seemed to be
important and interesting both in hydrology and computer software technique.
This work was finished succesefully without much difficulty in August 1978,
The vesulting automatic calibration method of the tank model ie not a hill
elimbing method but a sort of feedback method using several criteria RE(I)
and RD(I) defined by the comparison of calculated and cbserved hydrographs.
This method 18 very effective and efficient and it can give good results
after several iterations of the feedback procedure {Appendix 6).

One and half years later, a new method based on the comparison of
duration curves was developed and this new method was usually better than
the former hydvograph comparison method (Appendix 7). In the vunoff analy-
ais of six WMO basins, this duration curve method was used throughout.

These automatic calibration methods were used to determine the runoff
and infiltration coefficients of the tank model but there are many parame-
ters other than these coefficients, such as heights of side outlets, parame-
ters of the soil moisture structurs, pavameters of the snow model ete.
Automatic and semi-automatic methods were developed for these paramsters
using the autematic caiibration procedure with RE and KD as an auxtliary
method (Appendiz 10).

Even though such automatic and semi-automatic methods have been devel-
oped, I still believe that the trial and errvor method by human subjective
Judgement ig the most important way.

Today, mathematical methods based on the correlogram and the Fourier



transformation are used in many hydrological problems. However, T think,
though this method ie very powerful aﬁd effective for oscillating systems,
it may not be so effective for exponentially descreasing systems. The cor—
relogram is similar to the diffraction grating as a physical instrument and
the Fourier transformation is an orthogonal transformation from displacement
coordinates to frequency coordinates. These procedures cannot have a large
effect in exponentially decreasing eystems which have no frequency component
at all. In the automatic ealibration method cf the tank model, exponential-
ly decreasing components, having their respective time constante, are sepa—
rated by dividing the whole period into subperiods and then, in each sub-
period, adjusting each component using FQ and RD. I have some expectation
that such a method may be applicable to other systems composed of exponen-
ttally decreasing components.
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