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1. Introduction

To improve the representation of hydrological land surface processes, which has so far been
treated inadequately in global models of the atmospheric general circulation (GCMs), a model
for the lateral waterflows from the continents into the ocean on the global scale was devel oped.
The model describes the translation and retention of the lateral discharge as a function of the
spatially distributed land surface characteristics that are globally available. Here, global scale
refers to the resolution of 0.5° and lower, corresponding to atypical GCM gridbox area of
about 2500 km?. This model is called the Hydrological Discharge model or HD model.

The HD model computes the discharge only at 0.5° resolution. All model input fields (runoff
and drainage, see Sect. 3.1.) from the various GCM resolutions are interpolated to the same
0.5° grid. Thus, input fields may be used from any available resolution, if the corresponding
interpolation routine to the 0.5 degree grid is provided. Since the HD model uses atime step of
one day, atemporal resolution of one day is sufficient for the input fields.

The HD model adequately simulates the mean annual cycle of monthly mean discharges for
large catchments of the earth (cf. Hagemann, 1998). But in principle the HD model isaso able
to simulate the discharge for some smaller catchments if the datasets used are accurate enough
for the corresponding region, as shown for the Odra flooding in Hagemann (1998).

Some basic information about hydrological modelling providing the background to the model
equations of the HD model are given in Sect. 2. The model structure and the model
parameterizations as functions of land surface characteristics are presented in Sect. 3.
Technical features of the model source code and an example how to run the model on the
DKRZ CRAY J90 computer system are given in Sect. 4. In Sect. 5. several programs are
described that help to evaluate the output from the HD model.



2. Hydrological modelling background

In general, hydrological discharge models mathematically relate the discharge of a given
catchment to a specific input. Different variables may be used as model input such as
precipitation, surface runoff, soil water content or the inflow from other catchments. In order to
simulate the discharge, system-theoretical approaches are often applied which, for example,
are also common in the scientific field of electronics. Here, the catchment is represented by a
system function h(t) which transforms an input I(t) into an output O(t).

If the system function is used to represent the discharge behaviour of a catchment, the
catchment characteristics, such as area, topography, geology, etc., will directly affect the shape
and the parameter of the system function. For a specific catchment, the output O(t) is computed
by a convolution of the input I(t) with the system function h(t) of the catchment:
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For the discrete case and under the causality assumption that no output may occur before the
corresponding input has happened, the output of the time step j may be computed as:
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The system function is also designated as impulse response function or unit hydrograph
because it is equivalent to the output or response of a system to the input of a deltaimpulse
with unity length. In order to derive the system function for a specific catchment, measured
time series of input and output must exist. The derivation of the system function from these
time series may be difficult and time consuming. Therefore an appropriate model approach is
usually applied to represent the catchment for which the system function is known. Some of
these approaches are described by Dooge (1977) and Sngh (1988).

The lag time T is an important value which characterizes a hydrologic system or a model
approach, respectively. T is defined as the delay time between the centres of the input and the
output of the system. If T is known the mean flow velocity in the can be computed according to
eguation 3, where Ax is a characteristic extension length of the system.
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The linear reservoir is the most used model approach for the representation of flow processes
in hydrology. The outflow Q from the reservoir is proportional to its content S. Q can be



expressed as the content Sdivided by the retention time k of the reservoir (equation 4, t = time).
This retention time k is also called retention coefficient and it is defined as the average
residence time of water within the reservoir (Singh, 1988). The lag time of the reservoir is
equal to k.
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A general reservoir must fulfil the continuity equation 5 which relates Q to the inflow I into the
reservoir.
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The equations 4 and 5 lead to a linear differential equation for the discharge Q with one
parameter k:
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The system function h(t) of the linear reservoir can be expressed as.
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Therefore equation 8 is yielded for the discharge as a function of time if Q(t=0) = 1/k and
[(t>0) =0:

=1

The cascade of n equal linear reservoirs describes the serial arrangement of n equal linear
reservoirs which have the same retention coefficient k. Here, the outflow from the reservoir i
equals the inflow into the reservoir i+ 1 and equation 6 is applied to each reservoir. Thisyields
a system of n equations which are connected by the in- and outflows of the linear reservoirs.

kﬁ% = 1,(t) - Q;(t) i=1,..n (9)
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For the system function of the reservoir cascade, equation 10 isvalid:
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The cascade of linear reservoirs has the two parameters n and k. Sometimes the number of
reservoirsnisconsidered as real value, so that in equation 10 the term (n-1)! hasto be replaced
by the gammafunction I"'(n). The lag time of this system is:

T = nik (12)



3. The Hydrological Discharge model

Sect. 3.1. describes the model structure of the Hydrological Discharge model (HD model).
Hagemann and DUmenil (1998) have described the basic principles of the HD model and afirst
parameterization approach using gridbox characteristics. Based on investigations in a large
Swedish catchment as well as on global sensitivity tests (cf. Hagemann, 1998), the final HD
model parameterizations were derived. These parameterizations and its model equations are
presented in Sect. 3.2.

For certain gridboxes, the influence of wetlands and lakes on the discharge is important.
Parameterizations representing this influence are described in Sect. 3.3. and 3.4. The location
and size of wetlands and lakes is strongly affected by the general climate conditions. Their
inclusion in the HD model parameterizations causes an implicit dependence on the climate.
For discharge simulations in the current climate, wetlands and |akes datasets that describe their
actual global distribution are sufficient. For different climate conditions (paleo or climate
change scenarios), such datasets have to be devel oped. One possibility to do thisis offered by a
model of Coe and Bonan (1997), which may be used to compute surface water distributions
dependent on the given climate.

3.1. The HD mod€

Fig. 1 shows the model structure of the HD model as developed by Hagemann and Duimenil
(1998). It separates the lateral waterflow into the three flow processes of overland flow,
baseflow and riverflow. Overland flow and baseflow are both represented by a single linear
reservoir, and riverflow is represented by a cascade of n equal linear reservoirs. Overland flow
uses runoff as input, baseflow is fed by drainage and the inflow from other gridboxes
contributesto riverflow. The sum of the three flow processes equal s the outflow from agridbox.

For overland flow, the retention coefficient k,, of the linear reservoir is afunction of the average
slope within a gridbox and the gridbox length Ax. The gridbox length is defined as the distance
between the centres of two adjacent gridboxes in the direction of the flow. For riverflow, the
retention coefficient k, of the linear reservoirs is a function of the topography gradient Ah
between two adjacent gridboxes in the direction of the flow and the gridbox length Ax. The
parameters of overland flow and riverflow are influenced by the wetland fraction (see Sect.
3.3.) and the lake area (see Sect. 3.4.) within a particular gridbox. The retention time kg of the
baseflow reservoir is afunction of the gridbox length. Its value for atypical 0.5° gridbox (Ax =
50 km) was set to 300 days. Here, the exact typical value of kg is not very important because
the HD model is not very sensitive to small changesin k.

As ageneral strategy the HD model computes the discharge only at 0.5° resolution. All model
input fields (such as runoff and drainage) from the various GCM resolutions are therefore



interpolated to the same 0.5° grid. The origin of the model grid islocated at the North Pole and
the date line, while the centre of the corresponding gridbox has the coordinates-179.75° W and
89.75° N. The HD model uses a daily time step. For riverflow the time step is six hours to pay
regard to the minimum travel time through a 0.5 gridbox which is limited by the time step
chosen.

Runoff Drainage Gridbox inflow

Cascade of n,
Linear reservoir Linear reservoir equal
linear reservoirs
Overland flow Baseflow Riverflow

|
v

Outflow from the gridbox

Fig. 1. Structure of the HD model

For each gridbox of the HD model eight possible outflow directions (the four main directions
North (N), East (E), South (S) and West (W) and the four diagonal directions NE, SE, SW and
NW) are defined. But for a specific gridbox only one outflow direction is permitted. The
outflow from this gridbox enters the neighbouring gridbox which has the lowest topography
value of the surrounding gridboxes. On the basis of these definitions a global dataset of outflow
directionsis derived. This global dataset will be referred to astheriver direction file (RDF). Its
structureisshownin Fig. 2.

The skill of the discharge simulation depends not only on the formulation of the model



equations, but also on the precise definition of the boundaries of the model catchments. The
sizes and the positioning of the model catchments on the globe were defined by using a
modified topography dataset. Since the definition of flow directions derived from the available
0.5° topography dataset! is not detailed enough for an accurate global discharge simulation, a
model topography had to be created. Several mathematical methods (cf. Hagemann and
Dimenil, 1998) were developed to include important aspects of the real topography such as
river flow paths and catchment borders which cause a good agreement between the model
catchments and the real catchments. This agreement is generally not perfect because the
methods used are automated to a certain degree. Pure manual methods would give a perfect
agreement globally but they are too expensive and will not considerably improve the
simulation of discharge.

718 |9
O | 4 | 5| 6
1| 2] 3

Fig. 2. Structure of river direction file (RDF)
The RDF value of a specific grid box specifies the target grid box for its outflow. O specifies a sea point.

The HD model was developed for the coupled application with the climate models used at
MPI. In this study it was applied in conjunction with the GCM ECHAM4 (Roeckner et al.,
1996). In ECHAMA4, the soil is represented by a single soil layer. Time series of runoff and
drainage are calculated according to the scheme of DUmenil and Todini (1992). Here, runoff is
computed as infiltration excess from a bucket which takes the subgrid variability of the soil
saturation within a GCM gridbox into account. This is done by defining a statistical
distribution of soil water capacities in the gridbox. Drainage is the amount of water that is
allowed to percolate downwards from the bucket. A specific parameterization of the influence
of wetlands on evaporation is presently not included in the atmospheric model ECHAMA4.

3.2. Final parameterizations of the HD model

Detailed investigations in a large Swedish catchment (Tornedlven/Kalixalven catchment)

1. Theavailable global 0.5° topography dataset was derived from the global five minute topography data-
set of the National Geographic Data Centre (Edwards, 1989) by area weighted averaging.



which comprises of 51 0.5°-gridboxes were used to improve the model formulations and the
model constants (cf. Hagemann, 1998). Hence, overland flow is afunction of the average slope
¢ within a gridbox instead of the topography gradient Ah/Ax used in the first parameterization
approach (see Hagemann and Dumenil, 1998) where overland flow was represented by a
cascade of linear reservoirs. The investigations mentioned above as well as global applications
of the HD model yielded that for overland flow, the representation of asingle linear reservoir is
sufficient. Within a 0.5°-gridbox, it isimportant for the quality of the ssmulated discharge that
overland flow is represented by a two-parameter model (Hagemann and Dumenil, 1998). But
sensitivity tests have shown that for catchments which comprise of many 0.5°-gridboxes, the
simulated discharge shows no differences between simulations where overland flow is
represented by a one- and a two-parameter model using the same lag time in both cases (In the
source code, overland flow is still coded as a reservoir cascade to account for possible future
developments on different spatial scales, so that overland flow is represented by a reservoir
cascade with only one reservoir).

Thus, the following equations are formulated for the parameter of overland flow and riverflow:

ko = 17.87 (1072 02X und N, =1 (12)
o

k = 99200 D@A??l und n =5 (13)
[AX

Here, the gridbox length Ax has to be expressed in km and the retention coefficients k, and k;
are given in days. In cases, where the average slope ¢ within a gridbox is Zero, ¢ (in equation
12) is replaced by the topography gradient Ah/Ax to the next gridbox in flow direction. For
certain gridboxes, the parameter of overland flow and riverflow are influenced by the fractional
amount of wetlands and |akes within a gridbox. This will be described more in detail in Sect.
3.3. and 3.4. The corresponding flow velocities v ; of overland flow and riverflow are given by
equation 14, with i O {q1} :

AX
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For baseflow, the gridbox Iength Ax was incorporated in its parameterization to make the

formulation independent of the scale used. The retention time kq of the linear baseflow
reservoir is now defined as:

B X
kg = 1t [ﬁ—o (15)



Here, tyisthe typical retention time of baseflow (300 days) which is used for ky globally in the
first parameterization approach, and d, is the typical diameter of a 0.5°-gridbox (50 km). In a
global application of the HD model to an ECHAM4 simulation at T42 resolution, the effects of
using this formulation instead of kg =ty were comparatively small. But it was decided to use
eguation 15 since the baseflow parameterization becomes independent of resolution by the
explicit incorporation of the gridbox length in its formulation.

A trebling of ty yielded no significant changes in the total discharge. On the contrary a
reduction of ty to athird or atenth has an impact to the total discharge but this generally causes
aworsening of the simulated discharge. Due to the fact that the total discharge is relatively
insensitive against the baseflow, it seems that an extended parameterization using other gridbox
characteristics will not cause significant improvements of the simulated discharge. (The
influence of wetlands and |akes on the discharge was omitted in these investigations, since
Sect. 3.3. and 3.4 deal with these issues more in detail.)

The initialization of the linear model reservoirs is a problem because measurements of the
reservoir contents do not exists. Since arbitrarily initialized reservoirs differ from reality, a
phase of spin-up is required to allow an assimilation of the model reservoirs to reality. An
unrealistic initialization may cause deficiencies of the simulated discharges. Their effects in
time have about the same values as the lag times of the considered flow process (cf. Hagemann
and Dumenil, 1998). For multi-annual discharge simulations, these effects are generally
negligible for overland flow and riverflow (except for gridboxes with a high coverage of lakes
or wetlands). An unrealistic initialization of the baseflow reservoir may cause biases in the
simulated discharge for longer periods of time which may raise or lower the average discharge
volume by a certain amount. In order to minimize these biases, the following method turned
out to be useful to create appropriate initialization datasets.

With given input time series of runoff and drainage, the dischargeis simulated for thefirst year.
The contents of the model reservoirs at the end of this year are then used as initialization for
the renewed discharge simulation of the same year. This procedure is repeated as often as the
differences of the reservoir contents before and after the year of simulation are still large
(differences of fewer than 5% for most of the large rivers seem to be appropriate). The
reservoir dataset which is generated at last with this procedure will then be used as
initialization for the discharge simulation over the whole planned time period.

3.3. Wetlands parameterization of the HD model

Sect. 3.3.1. provides some background about wetlands and the available datasets on the global
scale. The wetlands parameterization used in the HD model is presented in Sect. 3.3.2..
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3.3.1. Wetlands - definition and global datasets

Wetlands, by definition, are characterized by water saturation in the root zone, at, or above the
soil surface, for a certain amount of time during the year. This fluctuation of the water table
above the soil surface is unique to each wetland type (e.g. marsh or swamp). Wetlands play a
critical role in regulating the movement of water within watersheds as well as in the global
water cycle (Mitsch and Gosselink, 1993). They may have different functions as a result of
their position in the landscape and their dominant water source. Wetlands store precipitation
and surface water and then slowly release the water into associated surface water resources,
ground water reservoirs, and the atmosphere through evaporation. With regard to the lateral
waterflows they serve as an intercepting reservoir, and hence change sharp waterflow peaks to
slower discharges over long periods of time. Therefore the inclusion of a wetlands
parameterization into a global discharge model is important for an adequate simulation of the
discharge in regions where wetlands are a mgjor feature of the land surface (or the gridbox
ared). They should be aso included into the atmospheric models to get a more realistic amount
of evaporation in the wetlands regions. Another important aspect of wetlandsistheir rolein the
globa methane production (Walter et al., 1996).

The inclusion of wetlands into a global discharge model or an atmospheric model requires the
use of a global wetlands dataset. At present there are two global wetlands datasets that define
the fractional area of wetlandsin agridbox at 1x1 degree resolution. The two datasets differ for
certain regions of the world. Results of Hagemann and Diamenil (1998b) indicate that the
dataset of Matthews and Fung (1987) is more suitable for the use in global climate or
hydrological modelling than the dataset of Cogley (1987, 1991, 1994), so that this dataset will
be used until revised datasets become available. The global distribution of wetlands according
to this dataset is shown in Fig. 3.

Since an appropriate parameterization which represents the influence of wetlands on the lateral
discharge does not exists, a conceptual model was developed which is described in Sect. 3.3.2.

3.3.2. Wetlands parameterization

The reciprocal of the retention time of alinear reservoir is the renewal rate of water whichisa
general useful concept of wetlands hydrology. The renewal rate is defined as the ratio of
throughput to average volume within the system (Mitsch and Gosselink, 1993). However, few
measurements of renewal rates have been made in wetlands, although it is a frequently used
parameter in limnological studies, so that thisinformation is not available for the whole globe.
On the other hand, recent evidence suggests that the theoretical retention time of the linear
reservoir is often much longer than the actual residence time of water in the wetlands (Mitsch
and Gosselink, 1993).

12
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Fig. 3. Wetland fraction according to Matthews and Fung (1987).
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Therefore a conceptual model was devel oped which represents the influence of wetlands on the
lateral flow processes. It is based on principal ideas about how wetlands may affect the specific
flow processes. Their influence should not be too large, if only a small fraction of the gridbox
is covered by wetlands. On the other hand their influence should be comparatively large if the
major part of a gridbox is covered by wetlands. A schematic curve of this behaviour is shown
inFig. 4.

Fig. 4. Schematic curve of the discharge delay factor fyy, ; as function of the gridbox coverage pyy by wetlands.

If we represent the effect of wetlands by a delay factor fyy, ; which directly affects the flow
velocities v; of overland flow (index i=0) and riverflow (index i=r), then the following shape is
yielded for fyy, ; as afunction of the wetland fraction pyy, within a gridbox: fy, ; is close to one
for small values of pyy, For larger p\y the curve of fW i declines steadily and finally changesiits
behaviour into an asymptotic decrease to the minimum value of fy, ; for large values of pyy.
This minimum value of fyy ; corresponds to the maximum delay for p,y, = 100%. This general
shape (see Fig. 4) can be described by the tanh-function, so that this function is used in the
conceptual approach shown in equation 16.

fu, = 1-3 —Mﬂmanh(zmt(pw po)) + 1) (16)

Here, vq ; corresponds to the flow velocity (according to equation 14) used in the HD model
parameterizations without the inclusion of wetlands. v, ; is the flow velocity for a 100%
coverage. p. is atreshold value of py, which characterizes the decline of fyy, ; with increasing
pw The parameters of the cascades of linear reservoirs of overland flow and riverflow are
modified according to equation 17:

14
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As asimplification we set v, , to atenth of w,,  and we define vy, = vy, ;.

3.4. Parameterization for the fractional coverage of lake area

Recently increased interest was focused on large lakes not only due to their role as a water
resource but also due to their qualification as indicator for climate change (Birkett and Mason,
1995). For several large lakes, the residence times of water within the lake are known. In a
discharge model, the representation of every lake by a linear reservoir would be a proper
physical approach but a global dataset of residence timesis not available for all lakes.

At the MPI, aglobal lake dataset is available with aresolution of 1x1° which describes the
fractional coverage of lake area for every gridbox. The dataset is based on data of Cogley
(1987, 1991, 1994) which contains some inconsistencies. Therefore the dataset was modified
using several land surface datasets of the ‘International Satellite Land Surface Climatology
Project’ (ISLSCP; Meeson et al., 1995) and lake data of the CIA (1992). The modified global
lake area dataset is shown in Fig. 5.

Asfor wetlands no widely accepted parameterization exists which may represent the influence
of fractional lake area on the different flow processes. In Charbonneau et al. (1977), a
discharge transfer coefficient depends exponentially on the reciprocal lake area fraction.
However, several tests with asimilar delay factor did not yield satisfactory results.

For the influence of lakes within a gridbox on the discharge, principally the same
considerations are valid as for the effect of wetlands (cf. Sect. 3.3.2.). Therefore the same
conceptual model was chosen, so that the equations 23 and 24 are applied:

=1-30-k Ve o (4mp —po)) + 1) (18)
and
_ _x _
A fLi B et )
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Fig. 5. Modified global distribution of fractional 1ake area based on Cogley (1987, 1991, 1994).
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The variable designations of the equations 18 and 19 correspond to the designations of
equation 16 and 17, except for the fact that the fractional lake area (index L) is used instead of
the wetland fraction (index W) within a gridbox. Again, v ,wasset to atenth of v  asa
simplification, and vi_ =v|_ is defined.

Asfor Sect. 3.3., p; = 50% yields arealistic decline of f|_; with increasing p, . Therefore only
v, had to be calibrated. This was done in the catchments of the St. Lawrence river and of the
Gulf of Finland. The discharge from both catchments is significantly dominated by the
influence of large lakes, i. e. the Great Lakes (the lakes Superior, Michigan, Huron, Erie and
Ontario) for the St. Lawrence and primarily the Lake Ladoga for the Gulf of Finland. For the
calibration, we have chosen runoff and drainage fields based on simulated precipitation since
no observed data were available. Due to the large dampening effect of the lakes on the
variability of discharge coming from the lakes, the model isinsensitive to day-to-day variations
of precipitation. Only the total amount of precipitation has to be ssmulated fairly well to allow
an adequate discharge simulation for both catchments.

Golf von Finnland

mittlerer Abfluss [m’/s]

Monat

St. Lorenz-Strom
15000 r

5000 r

mittlerer Abfluss [m’/s]

Monat

o——0 Observed discharge

Simulated discharge without lakes

Simulated discharge with lakes

Fig. 6. Observed and simulated discharge with and without a parameterization of lakesin both catchmentsthat are
used for the calibration of v ..

For the calibration, the runoff and drainage fields of an ECHAM4 control simulation were used
asinput for the HD model. The calibration was performed manually and yielded a value 0.01
m/s for v; . Fig. 6 shows a comparison of simulated discharges with and without the usage of
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the lake parameterization for the St. Lawrence river and the Gulf of Finland. For both
catchments, the simulated discharge is considerably improved by the lake parameterization.
The negative trend in the simulated discharge of the St. Lawrence river is caused by larger
differences in the content of the linear model reservoirs before and after the five years of the
discharge simulation which indicates that the model reservoirs in this regions are not
realistically initialized.

The generation procedure of the initialization fields of the linear reservoirs (cf. Sect. 3.2.)
converges satisfactorily for most of the large rivers after a few iterations. Only rivers with
strong retention characteristics within the catchment (e. g. due to the influence of wetlands or
lakes) require more iterations. The correct initialization of the reservoirsis especialy difficult
for the St. Lawrence, because the extremely large retention capacity of the Great L akes causes
very large retention times of the model reservoirs. Therefore these reservoirs need alot of time
to spin-up with this generation procedure.

As for wetlands, the resolution of 1° of the global lake dataset may be too coarse in some

regions to yield accurate discharge simulations. Therefore the generation of a global 0.5 lake
area dataset would be desirable.

18



4. Technical details of the HD model

In Sect. 4.1. the basic characteristics of the different source code routines are described and
their main variables are listed. Sect. 4.2. presents a typical job script to run the HD model on
the Cray J90 (LAKE). Furthermore, the file hdmodel.inp is listed as an example for the file
global.inp that must be used to set some paths and switches in the model.

4.1. Sour ce code char acteristics

4.1.1. Main program

PROGRAM GLOBSI M

The following routines are necessary to compile and link the HD model.

gl obsi m f (1 atest version: gl obsinD.f)

gl obuse. f

echread. f (version correspondi ng to nodel input data)
i nfread. f

pcon05. f or (include file pcomfor used in infread.f)

The source code file globsim9.f contains the main program routines of the HD model. Some
switches and parameters of the HD model are set in the file global.inp (cf. Sect. 4.2.1.). Herein,
the names of all model input files have to be specified, too.

Several output files are generated during a discharge simulation. The simulated discharge is
written into the binary direct access file meanflowbin.dat. The daily discharges into the
Bothnian Bay (first column) and Bothnian Sea (second column) are written into the ascii file
iso.dat as a control output. The daily outflow from 3 gridboxes is written into the ascii file
global.log as a further control output. Their coordinates were chosen for testing reasons and
may be freely changed in the source code on user‘s demand.

For ISWRIT # 0, the reservoir contents of the different flow processes are written after
ISWRIT time steps. This writing is repeated every ISWRIT time steps as long as the
simulation continues. Typical ISWRIT is set to NSTEP, so that the discharge simulation may
be continued with a further run of the program. Then these reservoir contents can be used as
initialization values if the corresponding file names are specified in global.inp and ISREAD is
set to 1 (cf. Sect. 4.2.1.). The reservoir contents of overland flow and riverflow are written into
the file <ISep>reservoir_Ir.dat where <I1Sep> designates the actual time step. The content of
the linear baseflow reservoir is separately written into the file <IStep>reservoir_base.dat. In
addition to the reservoir contents, the actual global discharge array (inflow into a gridbox) is
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written into the file < Step>inflow.dat.
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Logi cal unit of binary reservoir in- and output files
General logical unit for file streans to binary files
Logi cal unit of binary discharge output file = 60

52
53

*xxkEkxx G t ches

* k%

* k%

* k%

* k%

* k%

* k%

* k%

* k%

* k%

* k%

* k%

* % %

* k%

* k%

* k%

* k%

* k%

* k%

* k%

* % %

* k%

* k%

| FORM

| FLOW

| BASE
| SREAD
| SWRI T

| QUE

Type of file format for global input data arrays used in
subrouti ne GLREAD

1 = Service format with origin at G eenw ch

2 = as 4 wi thout header

3 = ascii file in Wavei so2-Format = ' (8F8.2)’ per data row
4 = Service format with origin at date line

Type of flow
1 = Overland flow
2 = Riverflow

Type of output which specifies the size of the tine step the
output is averaged and witten.

1 = 30-Day Averages

2 = Decadal Averages

3 = Weekly Averages

4 = Monthly Averages (w thout |eap years)

Switch for basefl ow conmputation (ON =1, Qut = 0)

Switch for reservoir initialization (ON =1, Qut = 0)

Nunber of time steps the reservoir contents have to be saved
(0 = No saving is done)

Log variable (0 = No log output to standard out)

**xxx%xx Nunbers and array dinmensions

* k%

* k%

* k%

* k%

* k%

* k% %

* k% %

* k% %

* k% %

* k% %

* k% %

| STEP
NSTEP
NVEMLF
NVENVRF
NL

NB
NBYTE

NIVAX

Counter of the actual tinme step

Nunber of tine steps of the discharge sinulation
Maxi mum nunber of overland flow reservoirs per cascade = 5
Maxi mum nunber of riverflow reservoirs per cascade = 10
Nunber of |ongitudes = 720 at 0.5 degree resol ution

Nunber of latitudes = 360 at 0.5 degree resol ution

Nunmber of Bytes per global data array + header. This is
necessary for the direct access output (8 Bytes = 1 word)
Maxi mum nunber tinme steps = 5000 that may be used for NSTEP

Number of sub time steps for the conputation of riverflow
(typical 4 which equals a tine step of 6 hours)
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OO0OO0OO0O0O0O0OO0O0O0O0O00O00O00O0O0OO0O0

O 000

OO0OO0OO0O0O00O000O0O00O0000O0O OO0

OO0OO0O0O00O00O06O0O0

* % %

*xxxxxx J obal real arrays w th di nension NL*NB

* % %

* % %

* % %

* % %

* % %

* % %

* % %

* % %

* % %

* % %

* % %

* % %

* % %

* % %

* % %

* % %

* % %

FI NP
FDATA
FI NFL
FDI R

FLAG

ALF_K
ALF_N
ARF_K
ARF_N
AGF_K
FGVEM
FRIV

FI NVEM

FRUVEM

Local input or dummy array at tine step | STEP

Local output array at time step | STEP

Inflowinto a gridbox fromother gridboxes at tine step | STEP
River direction file

Land sea mask

Retention times k of overland flow reservoirs in days
Nunber of reservoirs in the overland flow reservoir cascade
Retention times k of riverflow reservoirs in days

Nunber of reservoirs in the riverflow reservoir cascade
Retention tinmes k of baseflow reservoirs in days

Baseflow reservoir in [m/s * days]

Mean inflow per gridbox in né/s

Content of linear reservoirs of the riverflow reservoir
cascade. Array has dinension NL * NB * NMEMRF. In order to
al | ow an easier conputation the content unit is né/s * day.
Content of linear reservoirs of the overland flow reservoir
cascade. Array has dinension NL * NB * NMEMLF. In order to
al | ow an easier conputation the content unit is né/s * day.

**x*x%kxx Ot her arrays

* % %

* % %

* % %

* % %

* % %

* % %

* % %

* % %

* % %

| HEAD

F1
F2

AREA
DELB
DELTAL

Header array used in the service format: Integer array with a
di nension of 8

Qutflow at coordinate 1 for log file iso.dat

Qutflow at coordinate 2 for log file iso.dat

Real array of gridbox area per latitude in nf, dimension NB
Constant latitudinal gridbox length in m
Array of longitudinal gridbox |engths per latitude in m

x*xxxxx Fj| e pame strings

* % %

* % %

* % %

* % %

* % %

* % %

* % %

* % %

* % %

* % %

* % %

* kkkkkx

* % %

* % %

* % %

* % %

* % %

* % %

* % %

DNRUN Bi nary gl obal runoff input array
DNBAS Bi nary gl obal drainage input array
DNRES global initial reservoir array for overland and riverfl ow
DNDI R River direction file
DNMVAS Land sea mask
DNI NP General input file
DNOUT General output file as well as discharge output file. The
latter is the binary direct access file nmeanfl owbin. dat
DNAREA d obal gridbox |ength and area arrays
DNG NP Input file for paraneter initialization = global.inp
I ndi ces
JL Longi t udi nal i ndex
JB Latitudi nal index
IL relative change in JL for the routing to the next gridbox
I B relative change in JB for the routing to the next gridbox
JLNEW  JL+IL
JBNEW JB+I B
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c *** |RE Internal counter for the saving of the reservoirs

* % %
Cc

SUBROUTI NE KASGLOB(LUI NP, |1, FINP, YMOD, A K AN
& AREA, | FLOW NL, NB, FMEM MM | QUE)

Routine that performs the simulation of overland flow and riverflow using the hydrological
model approach of the cascade of n equal linear reservoirs (cf. Sect. 2.). Depending on IFLOW
either overland flow (1) or riverflow (2) is considered. For overland flow, the input array isread
from the file stream with the logical unit LUINP using the routine ECHREAD, while for
riverflow the input array has to be delivered by the calling routine.

The general time step is one day but riverflow is usually computed with a shorter time step to
pay regard to the fact that the chosen time step is the minimum travel time through a 0.5 degree
gridbox. Therefore the 1 day time step is separated into MM (with atypical value of 4) sub
time steps for the computation of riverflow.

c ****x*x* |jgst of variables

C * k%

c *** LU NP Logi cal unit of binary input file for overland fl ow

c *** || Nunber of the actual tine step

c *** FINP Input array for the considered flow process. Real array with
di mensi on NL*NB

c *** YMOD Qutput array of the sinulated flow process. Real array with
di mensi on NL*NB

c *** AK Retention tines k of the reservoirs in days of the considered
flow process. Real array wi th di nension NL*NB

c *** AN Number of reservoirs in the reservoir cascade of the
considered flow process. Real array wth di nension NL*NB

c *** AREA Real array of gridbox area per latitude in nf, di mensi on NB

c *** |FLOW Specification of the considered flow process

c *** 1 = Overland fl ow

c *** 2 = Riverflow

c *** NL Nunber of | ongitudes

c *** NB Nunber of |atitudes

c *** FVEM Content of linear reservoirs of the considered cascade

dependent on the flow process. The real array has the
dimension NL * NB * Var. The third dinension Var has to be
specified in the calling routine. In order to allow an easier
conputation the content unit is né/s * day.

c *** MM Number of sub time steps for the conputation of riverflow
(typical 4 which equals a tine step of 6 hours)

c *** | QUE Log variable (0 = No log output to standard out)

* K K
C

SUBROUTI NE GM TWRI (LUQUT, | HEAD, FQUT, | STEP, |QUT, | QUE)

Routine that averages the discharge over NSTEP time steps and writes the averaged global
discharge arrays into a binary direct access file. The stream using the corresponding logical
unit LUOUT has to be opened in the calling routine. The writing is done using the routine
INFWRITE.
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c ****xx* | jst of variables

* % %

c *** LUOUT Logical unit that is connected to a binary direct access
output file which has to opened in the calling routine. Except
for the direct access, the file is witten as a service fornat
file.

c *** | HEAD Header array used in the service format: Integer array with a
di nension of 8

(9]

c *** FQUT Data array at 0.5 degree resolution: Real with a di nension of
NL* NB

c *** | STEP Actual time step of output data array FOUT

c *** NL Nunber of longitudes in data array = 720

c *** NB Nunber of latitudes in data array = 360

c *** | QUT Type of output which specifies the size of the time step the

output is averaged and witten.

C *** 1 = 30-Day Averages

C *** 2 = Decadal Averages

C *** 3 = Weekly Averages

C *** 4 = Monthly Averages (wi thout |eap years)

C *** -1 = Averaging over the remaining tine steps after the |ast

witing of averages and return

c *** | QUE Log variable (0 = No log output to standard out)

C * % %

c ****x** | ocal variables

C * % %

c *** |REC Nunber of the actual witing tine step whose size is specified
by | QUT.

c *** | MON Nunber of the nonth and new record switch (Yes/No)

C **x* -1 ==> Start of a new record

c *** | DAY Local tinme step counter of record | REC+1

C * % %

C * % %

c

SUBROUTI NE CHI MASK( LU, DNACAT, LMASK, NL, NB, | QUE)

This routine reads 0.5 degree grid coordinates from the ascii file DNACAT and sets the
corresponding global mask as a Boollean array LMASK(NL,NB). The routine was used only
for test reasons and is not called in the current code version. The routine is stored in the main
program file (globsimo.f).

4.1.2. Subroutines

SUBROUTI NE ECHREAD( LUI NP, | HEAD, TOCCDE, | STEP, | QUE)

This routine reads the input arrays of runoff or drainage (at time step ISTEP) in the specified
resolution, e.qg. T42, from the data stream with the logical unit LUINP. It interpolates the array
to the 0.5 degree resolution. Several files exists that contains this routine to account for
different resolutions:
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echread.f T42 using unblocked service format files as input

echT42.f T42 using service format files as input

echT63n.f T63 using service format files asinput, e.g. NCEP reanalysis data

echam106.f T106 using service format files as input

echT106.f T106 using service format files asinput that are mirrored from North to
South

hirread.f HIRHAM rotated 0.5 degree grid over Europe using service format
files

remoread.f REMO rotated Europamodell grid at 0.5 degree resolution using

service format files

c **xx**%x |jist of variables

* k%

(@]

c *** LU NP Logical unit that is connected to a binary input file which
has to opened in the calling routine. The binary input file is
usually in the service format.

c *** |HEAD Header array used in the service format: Integer array with a

di nension of 8

*** TOCODE Interpolated data array: Real array with a di mensi on of 720*360

***% | STEP Chosen tine step

**x | QUE Log variable (0 = No log output to standard out)

* k%

O 000

SUBROUTI NE GLREAD( LU, DNAM | FORM FWERT, NL, NB, | QUE)

Thisroutine reads a single global data array with adimension of NL* NB. The coordinate with
theindices (1, 1) isusualy (IFORM=4) assigned to the gridbox which has the crossing of the
North pole and the date line in the North-West corner. At 0.5 degree resolution thisis the
gridbox with the centre coordinates of 89.75 N and -179.75 W. The routine is stored in the file
globusef.

c ****xxx* ]jst of variables

c * k% %

c *** LU Logical unit of file streamto DNAM

c *** DNAM Nanme of data file

c *** RFWERT Data array: Real with a dinension of NL*NB

c *** |[FORM Type of file format

C *** 1 = Service format with origin at G eenw ch

C *** 2 = Just the global array in a sinple binary file, e.g. on REGEN
C *** 3 = ascii file in Waveiso2-Format = ' (8F8.2)’ per data row
C *** 4 = Service format with origin at date line

c *** NL Nunber of |ongitudes in data array

c *** NB Nunber of latitudes in data array

c *** | QUE Log variable (0 = No log output to standard out)

c

c

SUBROUTI NE GLWRI TE(LU, DNAM | FORM FWERT, NL, NB, | QUE)

Thisroutine writesasingle global dataarray with adimension of NL*NB. The coordinate with
theindices (1, 1) isusualy (IFORM=4) assigned to the gridbox which has the crossing of the
North pole and the date line in the North-West corner. At 0.5 degree resolution thisis the
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gridbox with the centre coordinates of 89.75 N and -179.75 W. The routine is stored in the file
globusef. Its variables correspond directly to the variables used in the routine GLREAD.

SUBROUTI NE AREAREAD( LU, DNAM AREA, DELTAL, DELB, JBMAX, | QUE)

This routine reads the global gridbox length and area arrays that belong to the runoff and
drainage input arrays. The routine is stored in the file globuse.f.

*rxkkxxk | jst of variables

* k%

*xx LU Logical unit of input file with input data array

** % DNAM Nane of data file which has to be specified in global.inp

**x%  AREA Real array of gridbox area per latitude in nf, dinension JBVAX
*** DELB Constant latitudinal gridbox length in m

*** DELTAL Array of longitudinal gridbox |engths per latitude in m

**% JBMVAX Nunber of l|atitudes = di mension of arrays AREA and DELTAL

*** | QUE Log variable (0 = No log output to standard out)

OO0OO0O0O0O0O0 O OO0

SUBROUTI NE | SOARI TE(LU, DNAM F1, F2, NVES)

Subroutine for the writing simple ascii file with two columns of data. The the two columns
contain the data values of the arrays F1 and F2, respectively. The routine is stored in the file
globusef

c ****xx*x*x |jgst of variables

C * % %

c *** LU Logical unit of output file

c *** DNAM Nanme of data file

c *** F1 Data array for first colum, dinension of NVES

c *** F2 Data array for second col unm, dinension of NMES
c *** NMES Nunber of rows = dinension of the two data arrays
c

SUBROUTI NE GLOBI NP(LU, DNAM CI NI, FIN, ZEILE, |QUE)

Thisroutine is used in the initialization part of the main programs. It reads the specified input
parameter from the input file DNAM which is set to global.inp in the main program. The
routine is stored in the file globuse.f

c ****xx*x*x |jgst of variables

C * % %

c *** LU Logical unit for the file streamto DNAM

c *** DNAM Nane of the input file. Althoughthis is set inthe main program
to global.inp it is used as a routine variable since this
routine can be used by different prograns that read its
paraneters frominput files

c *** CINI Search string that specifies the paraneter nane. It nust have
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6 characters (Spaces are allowed). If CINI(1:1) ="T", astring
variable is searched and returned in ZEILE. Otherw se a rea
value is returned in FIN.

**¥x OFIN 2

* % %

* % %

c *** FIN Paraneter value if real value is requested

c *** ZEILE Paraneter string if string variable is requested
c *** | QUE Log variable (0 = No log output to standard out)
c

c **x*xx*x% Typjcal file structure of input file DNAM

C * % %

c *** CINN1: Conment for FIN 1

c *** FIN1

c *** CINN2: Conment for FIN 2

c

c

c

c

SUBROUTI NE | NFWRI TE( LUI NP, | HEAD, FDATA, | STEP, NSM | QUE)

Routine that writes the data array FDATA into a binary direct access output file that has to be
opened in the calling routine. The routine may be used for a cyclic writing into a direct access
file with afixed size of NSM datasets. The following table shows an example for the cyclic
writing.

Dat aset No. Record No.
1 --> 1
2 --> 2
NSM --> NSM

NSM+1L --> 1
NSM+2  --> 2

In order to allow normal sequential writing NSM has to be set to ISTEP in the calling routine.
Theroutineis stored in the file infread.f.

c **xx**%x |jist of variables

* k%

(@]

c *** LU NP Logical unit that is connected to a binary direct access
output file which has to be opened in the calling routine.
Except for the direct access, the fileis witten as a service
format file.

c *** |HEAD Header array used in the service format: Integer array with a
di nension of 8

*** FLORG Longitude of grid origin (not used)
*** FBORG Latitude of grid origin (not used)

c *** FDATA Data array: Real with a dinension of NL*NB

c *** | STEP Nunmber of actual witing time step

c *** NSM Maxi mum nunber of datasets in output file

c *** | QUE Log variable (0 = No log output to standard out)
C * k%

¢ ****x*x* |nclude of parameter NL, NB using the include file pcom for
C * k%

c *** NL Nunber of |ongitudes in data array

c *** NB Nunber of latitudes in data array

c

c
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c *** FSCAL Scaling factor (not used)

C * % %

c ****x*x* | ocal variable

C * % %

c *** |REC Actual record nunber in output file

4.2. Running the HD model software

In this section, atypical job script to run the HD model on the CRAY J90 computer system is
presented. Here, the HD model is applied to the input fields of an atmospheric simulation using
ECHAMA4-T42 so that the routine echread.f has to be used. The user of the HD model has to
change the paths of the <sour ce code directory> and the <out put directory>tofitinto
his own environment. The source code, two examples for the input parameter file global.inp
(cf. Sect. 4.2.1.) and several examples for the following script (such as fgl_t42, fgl_t106, etc.)
to run the HD model are stored in the file HDmodel_source.tar.

# QSUB-IT 16000 # 5 year run with T42 input = ca. 13000 s of CPU
# QSUB-IM 8Mw # 5 year run with T106 input = ca. 22000 CPU s
# QSUB-r fglob9 # Job title
# QSUB-0 <output directory> # Directory for job log file output
#
# Execution of the program GLOBSIM Vs. 3.1in F90
#
#
echo ,,GLOBSIM Version 3.1 on the LAKE (with globsim9.f)*
setenv NCPUS 4 # max. avg. CPU usage: 2.49
#
cd<out put directory> # directory for output files
cp-p<source code directory>/globsimo.f. # Main program file
cp-p<source code directory>/globusef. # Read parameter fields
cp-p<source code directory>/infread.f . # Write output routine
cp-p<source code directory>/echread.f. # Read input time series
#
cp-p<source code direct ory>/pcom05.for ./pcom.for # Include file for infread.f
cp-p <source code direct ory=>/hdmodel.inp ./global.inp # Input parameter file: global.inp
#
f90 -Otask3,vector3,scalar3 -r2 -o GLOBSIM globsim9.f globuse.f echread.f infread.f
#
assign -R
##Ht  assign -sunblocked u:50 # binary runoff input file - unblocked file
assign -N ieee-F f77 u:50 # binary runoff input file - ieeefile
##Ht  assign -sunblocked u:51 # binary drainage input file - unblocked file
assign -N ieee-F f77 u:51 # binary drainage input file - ieeefile
assign -s unblocked u:52 # binary reservoir file
assign -s unblocked u:53 # binary unspecified file, i.e. for global parameter fields
assign -s unblocked u:60 # binary discharge output file - direct accessfile
#
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ja
GLOBSIM
ja-st

gstat -a

4.2.1. Input file global.inp

The file hdmodel.inp is listed as an example for the file global.inp that must be used to set
some paths and switches in the model. The user of the HD model has to change the path of the
<dat a di r ect or y> to fit into his own environment.

Initialization file for program GLOBSIM, i.e. for routine GLOBINP on the LAKE:

IQUE : Comment Switch (0 =No Comment )

IOOUT . Averaging Switch for Program output: 1=30d, 2=10d, 3=7d,4=Monthly
IlBASE : Baseflow Switch ON (1) or Out (0)

IlSREAD: Initialization Switch for Reservoir fields: 0 = Out, otherwise ON
IlsWRIT: Saving of Reservoir fields: 0 = Out, otherwise time step of saving
hBSOTOEP : Number of Time Steps of the discharge simulation: 1 to NSTEP

hssol\?l LF : max. number of overland flow reservoirs = dummy relict for testing
§SM RF : max. number of riverflow reservoirs = dummy relict for testing

i/IOM : Number of Sub-time stepsfor riverflow: 1 = 1 day, 4 = 6 hours

4

ISOLOG: Log-output in 2-column ascii file (= iso fil€), only in regional model version (0=No, 1=Both.)
1

TDNRUN: File name of binary global runoff input array

<data directory>/runoff 2639024 6-10.dat

TDNBAS: File name of binary global drainage input array

<data directory>/drain_2739024 6-10.dat

TDNMAS: File name of land sea mask (0.5 degree)

<data directory>/slm-lakes

TDNRES: File name of global initial reservoir array for overland and riverflow
<data directory>/reservoir.dat

TDNDIR: File name of river direction file

<data directory>/rivdir.dat

TDNLFK: File name of overland flow k-Parameter array

<data directory>/over_k.dat

TDNLFN: File name of overland flow n-Parameter array (usually constant = 1)
<data directory>/over_n.dat

TDNRFK: File name of riverflow k-Parameter array

<data directory>/riv_k.dat
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TDNRFN: File name of riverflow n-Parameter array

<data directory>/riv_n.dat

TDNGFK: File name of baseflow k-Parameter array

<data directory>/bas k.dat

TDNGSP: File name of linear baseflow-reservoir for initialization
<data directory>/bas _reservoir.dat

TDNARE: File name of global gridbox length and area arrays
<data directory>/fl_dp_dl.dat

The End

4.2.2. Check list for running the HD model

1.  Put the source code files (stored in HDmodel _source.tar) into the <source code
directory>.

2. Put the input datasets (stored in HDmodel _inputdata.tar) into the <dat a di rect ory>.
Be awarethat all global input datafiles are in an unblocked CRAY format.

3. Put theinput time series of runoff and drainage into the <dat a di rect ory>. Be aware
that the corresponding files must be in the appropriate file format specified in Sect. 4.1.2.
for the subroutine ECHREAD. Check which file format your input files have, e. g. the
unblocked CRAY format or the ieee format (cf. the assign statements in the job script in
Sect. 4.2.).

4.  Create the job script that runs the HD model according to Sect. 4.2. by changing one of
the example scripts or by generating a new one.

- Choose the appropriate interpolation routine ECHREAD (see Sect. 4.1.2.) that
transforms the input time series to the 0.5 degree resolution.

- Check all pathsin the job script

5. Createthefile global.inp according to Sect. 4.2.1. and check all paths within thisfile. An
examplefileisincluded in HDmodel _source.tar.

6.  Check if there is enough space on the chosen hard disk on which you have specified the
<out put directory>. Asaremark, afive year simulation of the HD model will
generate about 400 MB of output.

7. Runthe HD model by submitting the job script with the unix command gsub.
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5. Evaluation software

This section deals with some software routines that may be helpful in evaluating the simulated
discharges as well as some of the atmospheric input fields. In the following, the user of a
particular job script has to change the paths of the <source code directory>, <data
di rect ory> and the <out put di rect ory> to fit into his own environment. The script and
some files used in the scripts are stored in HDmodel _eval .tar. The catchment files used in the
script FQAREA (Sect. 5.3.) are stored hdmodel_inputdata.tar.

5.1. Computation of global monthly mean climatologies - Script FMONMIT

The script FMONMI T computes global monthly mean climatologies.

#/bin/sh

# QSUB-r fklmomi

# QSUB-q M4

# QSUB-0 <output directory> # Directory for job log file output
Set -ex

*xkkxkxx Computation of global monthly mean climatologies - Script for the CRAY JO0
Input: Binary direct access file DNAM with monthly mean values, as computed by program GLOBS M.
Output: Sequential global binary files with climatological values for the 12 months
Files:
mean.dat climatological monthly mean values
sigma.dat standard deviation of the climatological monthly means

File mean.dat may be used as input file for script FQDAT

Version 1.1. -- by Stefan Hagemann -- Based on a program of Uwe Schulzweida

HHEHFHEFHEHEHFHEHEHHEHR

cd $TMPDIR

EXPNO=70000 # Experiment number - just adummy

NYF=6 # First year of input time series

NYL=10 # Last year of input time series

#

DATA=<data and output directory> # Working directory with input file and target directory for output files
#

# Frxxkkxx Input file has to be specified here

DNAM=$DATA/meanflowbin.dat

echo,, Input-Datei = SDNAM*“

#

RES=30 # Resolution constant = number of latitudes of the used grid
#

if [ SRES-eq30] ;then LAT=360;fi # Resolutionof 0.5° degrees

if [ JRES-eq21] ;then LAT=32;fi

if [ JRES-eq42] ;then LAT=64; fi

if [ BRES-eq63] ;then LAT=96; fi
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if [ JRES-eq 106] ; then LAT=160; fi

#

#

NYEARS="expr $NYL - SNYF + 1

NR=$NYF

#

assign -R

#

# * k%

#

assign -s unblocked u:50 # assign for input file

assign -s unblocked u:60 # assign for output file mean.dat
assign -s unblocked u:61 # assign for output file sigma.dat

cat >pmomi.f << END_OF FILE
<Here, the FORTRAN code is included which does the work described above>
END_OF FILE

cp -p <source code directory>/infread.f .
cp -p <source code directory>/pcom05.for ./pcom.for
f90 -r2 -o MONMIT pmomi.f infread.f
ja

MONMIT

ja-st

#

cp fort.60 $DATA/mean.dat

cp fort.61 $DATA/sigma.dat

#

Is-I

exit

5.2. Computation of climatological monthly mean discharges- Script FQDAT

The script FQDAT computes climatological monthly mean discharges for some of the largest
rivers of the world as well as for some smaller catchments of interest.

#/bin/sh

#QSUB-IT 200

#QSUB-IM 4Mw

# QSUB-0 <output directory> # Directory for job log file output

set -ex

#*xxxxxx % Computation of climatological monthly mean discharge files for some of the largest rivers of the
world as well as for some smaller rivers of interest - Script for the CRAY J90

Input: Sequential global binary file with climatological values for the 12 months, as computed by the
Script FMONMIT, e.g. file mean.dat
tracer.inp Input file with discharge coordinates of the different rivers
modflow Input file with river abbreviations

Output: ASCII fileswith 12 values for the 12 months
Files are readable by the script FPLOT which generates XVGR plot files

H o HH R

31



#
# x*FxEFxx \ergion 2.1 -- Oct. 1996 -- by Stefan Hagemann -- Based on a program of Uwe Schulzweida
#

#

cd $STMPDIR

#

# x**xEFxx Ingert experiment number of discharge simulation, z.B.: 2522032

EXPNO=6823236 # Experiment number of discharge simulation

NY F=02 # First year of input time series

NYL=06 # Last year of input time series

#

DATA=<data and output directory> # Working directory with input datafile

cp $DATA/mean.dat fort.40 # Input file with climatological monthly means
cp <source code directory>/tracer.inp . # Input file with discharge coordinates

###Hcp <source code directory>/acsys05.inp ./tracer.inp # Input file with ACSY S discharge coordinates
cp <source code directory>/modflow . # Input file with river abbreviations

#

assign -R

assign -s unblocked fort.40 # Binary input file with climatological monthly means

#

cat > ppunkte.f << EOR

<Here, the FORTRAN code is included which does work described above>
EOR

#

f90 ppunkte.f -o ppunkte.x

ppunkte.x

#

# *x**x%% Copy output files

#

cat > KOPIEREN << EOR

<Here FORTRAN code isincluded which is used to copy the output files into the working directory.>
EOR

#

cft77 KOPIEREN

segldr KOPIEREN.o0 -0 KOPIEREN.x
KOPIEREN.x

#

cp ppunkte.f SMFHOME

#

#

Is-I

exit

5.3. Computation of climatological monthly mean area integrals- Script FQAREA

The script FQAREA computes climatological monthly mean values for different variables
integrated or averaged over the catchment area for some of the largest rivers of the world as
well asfor some smaller catchments of interest.

# /bin/sh
#QSUB-IT 200
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# QSUB-IM 2Mw

# QSUB-0 <output directory> # Directory for job log file output

#

set -ex

it

# x**x%%x% Computation of climatological monthly mean areaintegrated files (different variables) for some of
the largest catchments of the world as well asfor some smaller catchments of interest.

The different variables can be integrated or averaged over the catchments - Script for the CRAY J90
The program is similarly structured as FQDAT.

Input: Sequential global binary file with climatological values for the 12 months, as computed by the
Script FMONMIT, e.g. file mean.dat

oW R R R

ErS

Chiiso files! with model catchment coordinates in a directory, the path of which has to be specified
in the code section of this script below.
# File names: <river name>.dth
(Remark: The river mouth gridbox (number 0) are excluded from the model catchment for the
integration.)
or

#*

Chiiso files with real catchment coordinates in a directory, the path which has to be specified in the
code section of this script below.
File names: <river name>.dca

catchnr.txt Input file which aligns river names and catchment numbers

modflow Input file with river abbreviations

fl_dp_dl.dat Input files with latitudinal length and area distribution

(maskiso.dat) If the switch REG is set (see below) this input chiiso file is needed which
masks a particular region such as a specific catchment.

O OW R R R

Output: ASCII fileswith 12 values for the 12 months
Files are readable by the script FPLOT which generates XVGR plot files

*xxxxkxx \fersion 1.3 - Sep. 1996 -- by Stefan Hagemann

T T g T Ty

*x %% x%%% Nomenclature for the experiment number EXPNO:

# There isa 2-digit number at the beginning:

#

# 10  Temperature

# 11 Precipitation

# 12 Snowmelt

# 13 accumulated snow

# 14  Standard deviation of temperature
# 15 Evapotranspiration

# 16  Soil moisture

# 17 Incoming solar radiation (Brutto without albedo)
# 25  Sum of runoff and drainage

# 26 Runoff

# 27 Drainage

#

#

40++ HD model discharge for different model versions and model topographies (40-68).

1. A chiisofileisan ASCII file with three columns: latitude, longitude and data value. The specified coor-
dinate designates the North-West corner of a0.5°-gridbox.
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#

# The 2-digit number is followed by a 5-digit number (except for one case with a 3-digit number)
# 10001 Snow depth climatology of Foster and Davy (1988), (year 1-1)

# 10002 SMMR snow data, (year 1-1)

# 10010 ISCCP incoming solar radiation (year 1-1)

# 22590 ECHAMA4 - T106 AMIP control simulation

# 23236 ECHAM4 - control simulation using climatological SST

# 23241 ECHAMA4 - control simulation ?7??

# 239++ ECHAMA4 - Bettina' s simulations

# 390++ ECHAMA4 - Axel's simulations

# 46001 ECHAMA4 - simulation of Bettina

# 47001 ECHAMA4 - simulation of Axel

# 609 ECHAMA4 - control simulation with different land sea mask

# 500++ ECMWEF - reanalysis data (00=year 79-83 or year 79-93, 01=year 81-85)

# 50100 Precipitation climatology of GPCP (Rudolf et al., 1996), (year 86-94)

# 5100+ SL scheme output derived from ECMWF reanalysis data

# 51010 SL scheme output derived from ECHAM4-T106 (using climatological SST)
# 5110+ SL-ARNO scheme output derived from ECHAMA4-T106 (using climatological SST)
# 52000 SL scheme output derived from regional (Torneaelven) measurements

# 53000 NCEP - reanalysis data (year 81-85)

# 53100 SL scheme output derived from NCEP - reanalysis data

# 53200 SL scheme output derived from NCEP - reanalysis data using NCEP evapotranspiration
# 60000 REMO - simulation using DWD physics

# 70000 HIRHAM4 - simulation at 50 km resolution for Europe

#

# There are afew exceptions with a al phanumeric experiment number

# LEG Precipitation climatology of Legates and WiImott (1990a) (year 1-1)

# LEGT Temperature climatology of Legates and WImott (1990b) (year 1-1)

#

cd $STMPDIR

#

# xFFxEFxE Ingert experiment number, z.B.: 2522032

EXPNO=1150100 # Experiment number

NY F=06 # First year of experiment

NYL=10 # Last year of experiment

#EXPNO=LEGT # Experiment number

#NYF=1 # First year of experiment, here 1 for climatology
#NYL=1 # Last year of experiment, here 1 for climatology

#

# ***x%%x% Type of catchment for integration; EXT
# 1= model catchment  --> Extension .dth

# 2= rea catchment --> Extension .dca
EXT=2
#

if [ $EXT -eq1] ;then ECO=ar; fi
if [ $EXT -eq2] ;then ECO=ca; fi

#

#x*xxxxx% typical file with monthly means: mean.dat or legatesmean.dat

DATA=<data and output directory> # Working directory with input datafile

cp $DATA/mean.dat fort.40 # Input file with climatological values for the 12 months

cp <source code directory>/catchnr.txt . # Input file which aligns river names and catchment
numbers

cp <source code directory>/modflow . # Input file with river abbreviations

#

# xxFxEExxx A reg weighted averages? (and/or unit transformation?)
# *xFxxxxxx (= No, just integrate over the catchment gridboxes (Q, older mean R& D)



*xxkkxxEk 1= Yes (e.g. for Sigma-Temp., Radiation)

*rxkxkxxx 2 = Yes + Kelvin-transformation to degree Celsius (T)

*xxkxxx%x 3= No, but multiplication with gridbox aress, e.g. m --> m*3 (P, R)

*xkkxkxxx 4= No, but unit transformation with factor UNIT

*Rkkxxxk* 5= Yes+ unit transformation with factor UNIT (e.g. snowmelt)

*rxxkkkx® 6= No, but division by gridbox areas, e.g. M3 -->m

*rkkxxxkk 7 = No, but division by gridbox areas and multiplication with unit factor UNIT
*xxkxxx%% 8 = No, but multiplication with gridbox areas and unit factor UNIT, m-->m”3 (E with -1)

O O g T N e
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i
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w

#

# x**xxxx nit factor, e.g. m/s--> mm/day * 1000. * 86400.

UNIT=1.

#HHUNIT="expr 1/ SUNIT"

#

#

#r*xxxxx  Reading and applying aregiona mask from file maskiso.dat? 0 = No, 1= Yes

# An application of the masks means that only grid boxes are considered where the mask allocates
values not equal to 0.

REG=0

#

### cp <data directory>/maskiso.dat .

cp <source code directory>/fl_dp dl.dat .

#

assign -R

assign -s unblocked fort.40

#assign -N ieee-F {77 fort.40  # Binary ieeefile (e.g. on REGEN)

#

cat > ppunkte << EOR

<Here, the FORTRAN code is included which does the work described above. The user hasto

change the following source line

NC=20

DNAFL( 1 FLOW (1: NC) = "/ nf/ m nR14046/river/"

into

NC= <number of charactersthepath<di rectory wi th catchnent data fil es> consistsof>
DNAFL(| FLOW (1: NC) = "<directory with catchnent data fil es>"
to fit the program into his own environment.>

EOR

#

cft77 ppunkte

segldr ppunkte.o -0 ppunkte.x

ppunkte.x

#

# *x*xxxk Copy output files

#

cat > KOPIEREN << EOR

<Here FORTRAN code isincluded which is used to copy the output filesinto the working directory.>
EOR

#

cft77 KOPIEREN

segldr KOPIEREN.o0 -0 KOPIEREN.x

KOPIEREN.x

#

#ittcp ppunkte SMFHOME

#
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exit

5.4. Computation of xvgr input files- Script FPLOT

The script FPLOT is used to generate afile that can be read by the plotting software xvgr that
is suitable for the graphic presentation of climatological monthly mean values. This script
needs the ASCII-Files modflow and rivers for input as well as the source file
PLOTFLOW_MOD.f. All files have to be located in the directory $3HOME/RO.

The scripts handles up to four data files that contain monthly mean values for the
corresponding catchments as they are generated with the scripts FQDAT and FQAREA. These
data files must be located in the subdirectory <experiment shortcut>. Usually the experiment
shortcut comprises of a 7-digit experiment number (see Sect. 5.3.) and a 2-character shortcut
that characterizes the type of areathe data are assigned.

ar = model catchment area
ca=real catchment areataken from a 0.5 degree dataset
ro = discharge representing a specific measuring station or the river mouth

Therefore, e.g., the discharge data of the simulation 6823236 have to be located in the
directory $HOME/RO/23236r0. Further examples are given in the comment for the script
variable EXPNi below.

Operating procedure: 1. Edit FPLOT
2. Run FPLOT ==> file plot.dat is generated
3. Run xvgr with: xvgr plot.dat

#/bin/sh

#

#************************************************
#**** Shell script to plot monthly mean datawith XVGR V. 2.09
#***x \Written by: Uwe Schulzweida, Hans Stefan Bauer

#**** Max Planck Institut fuer Meteorologie 1993/1994

#************************************************

# **** modified and improved by Stefan Hagemann 1996

#************************************************

#

#VARIABLES:

#

# CHOICE River numbers

# EXPN1..6 Experiment numbers

# EXPANZ Number of experiments
# FPATH Path to the model data
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# FNAME Name of model datafile

# SOURCE Name of the program which should be manipulated

# ICC Contains the processed river number

# IX Counter for the experiment numbers

#1Y Counter for the frames per plot

#1Z Counter for the plot numbers

# PR Contains the name of the river

# PRE Contains the river shortcut

# TYPS Contains the river numbers

# ANZ Number of rivers per plot

# SANZ Number of rivers

#

# sourcef Name of the program, which produces the plotfile

z khkhkkhkhkkkhkhkkhkhhkkhkhkhhhkhhhkdhhhhhhhhhhhhhkhhhhhkhhhkdhhhhhkkhhhhhkhhhdhhrkhhhkhxkx
#

#

grxxxxxxxx Example lines for the plotting of datafor several catchments
#

#CHOICE="03 05 01 15"
#CHOICE="07 09 11 13"
#CHOICE="02 04 06 34"
#CHOICE="08 12 14 38"
#CHOICE="30 32 36 44"
#CHOICE="40 42 43 46"
#CHOICE="48 51 52 53"
#CHOICE="50 54 56 58"
#CHOICE="60 64 68 70"
#CHOICE="66 72 74 62"
#CHOICE="76 78 80 82"
#CHOICE="86 85 87 83"
#CHOICE="84 88 90 81"
#CHOICE="94 92 96"
#CHOICE="97 98 99 100"
#CHOICE="10 110 114“
#CHOICE="150 140"
#CHOICE="17 19 20 24"
#CHOICE="22 26 28"

#

EXPANZ=3

EXPN1=obs act

#HHEX PN 1=obsnat
#HHEXPN1=LEGca 1-1
#HHEX PN1=1150100ca_86-94
#HHEXPN1=1310001ca 1-1
#HHEXPN1=1710010ca_1-1
#HHEX PN1=1550001ca_81-85
EXPN2=2523236ca_02-06
EXPN3=6823236ro_02-06
EXPN4=

EXPN5=

EXPN6=
AUTOSCALE=ON
FPATH=$HOME/RO

# Bothn. Bay, Bothn. Sea, Baltic Sea, Baltic ex. K.
# Gulf Finland, Gulf Riga, Baltic Proper, Kattegat
# Vouksi, Goeta-Vanern, Vistula, Neman

# Rhein, Elbe, Donau, Don

# Northern Dvina, Wolga, Ural, Kolyma

# Lena, Jenissei, Selenga, Ob

# Amur, Huang Ho, Yangtze, Xun Jiang

# Indus, Ganges, Godavari, Mekong

# Nil, Niger, Congo, Sambesi

# Chari, Limpopo, Oranje, Senegal

# Mackenzie, Yukon, Nelson, St. Lawrence

# Mississippi, Ohio, Missouri, St. Lorenz

# Columbia, Susguehanna, Colorado, Churchill

# Amazonas, Orinoco, Sao Francisco

# Paraguay, Parana, Uruguay, Murray

# Oder, Torneaelven, Luleaglven

# ACSY Sregion, 6 largest ACSY Srivers

# Upper Seine, Upper Rhone, Loire, Garonne

# Po, Ebro, Guadalquivir

# Observed discharges

# Naturalized flows

# Precipitation climatology of Legates and W Imott (1990a)

# Precipitation climatology of GPCP (Rudolf et al., 1996)

# Snow depth climatology of Foster and Davy (1988)

# Incoming solar radiation climatology

# Evapotranspiration of ECMWF reanalysis (years 1981-85)

# Sum of surface runoff and drainage of ECHAMA4-T42 control simulation
# Simulated discharge computed from the control run

SOURCE=$HOME/RO/PLOTFLOW_MOD.f

TYPS=",
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ANZ=*,

XFLOWA=",

XFLOWE=",

SANZ=0

cp $SOURCE source.f

#

#*** |_anguage (0 = Englisch, 1 = Deutsch)
ILANG=0

#*** Unit variable (Default=Discharge in m"3/s, 10=T, 11=prec.,...
IUNIT=16
#
#*** Text description for Y-Axis
if [ $IUNIT -eg 10] ; then UTEXT="monthly average temp. [*C]*
elif [ $IUNIT -eq 111] ; then UTEXT="monthly average prec. [m\\S3\W\N/s]*
elif [ SIUNIT -eq 12] ; then UTEXT="monthly average snowmelt [m\\S3\\\N/s]’
elif [ SIUNIT -eq 13 ] ; then UTEXT="monthly average snowpack [mm H\W\s2\WNO]*
elif [ SIUNIT -eq 15] ; then UTEXT="monthly average evap. [m\\S3\\\N/s]*
elif [ $IUNIT -eq 16 ] ; then UTEXT="monthly average soil water [mm]’
elif [ SIUNIT -eq 17] ; then UTEXT="monthly average rad. [W/m\\WS2\\\N]*
elif [ SIUNIT -eq 25] ; then UTEXT="monthly average R+D [m\\S3\W\N/s]’
else UTEXT="monthly average discharge [m\\\S3\\\N/g]* ; fi
#
if [ $ILANG-eq1];then
if [ $IUNIT -eq 10] ; then UTEXT="mittlere Temperatur [*C]’
elif [ SIUNIT -eq 1117 ; then UTEXT="mittlerer Niederschlag [m\WS3\\WN/s]*
elif [ SIUNIT -eq 12] ; then UTEXT="mittlere Schneeschmel ze [m\\\S3\\\\N/s]*
elif [ $IUNIT -eq 13 ] ; then UTEXT="mittlere Schneehoehe [mm H\\\s2\\NO]*
elif [ SIUNIT -eq 15] ; then UTEXT="mittlere Evap. [m\\S3\\N/g]*
elif [ $IUNIT -eq 16 ] ; then UTEXT="mittlere Bodenfeuchte [mm]’
elif [ SIUNIT -eq 17] ; then UTEXT="mittlere Einstrahlung [W/m\\S2\\\N]*
elif [ SIUNIT -eq 25] ; then UTEXT="mittlerer R+D [m\\\S3\\\N/s]*
else UTEXT="mittlerer Abfluss [m\\S3\W\N/g]‘ ; fi
fi
#
echo ,UTEXT=, SUTEXT
#
#*** Einheitentext der X-Achse
if [ $ILANG -eq 0] ; then XTEXT="month'
elif [ SILANG -eq 1] ; then XTEXT="Monat" ; fi
echo ,XTEXT=, $XTEXT
#
#x*FxEFxEFXRF* 0l gce Experimentnumbers into source.f *x*xxkxxxxxxk
#
IX=1
#
for EXPNO in $EXPN1 $EXPN2 $EXPN3 $SEXPN4 $EXPN5 $EXPN6
do
echo $EXPNO
cat source.f | sed -e ,, S(EXPNOS$IX ($EXPNO(, >tmp
mv tmp source.f
IX="expr $IX +1°
done
#

#*****************************************************************

#
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1Y=1

1Z=1

#

for IC in $CHOICE

do

if [$1Z-gt1];then TYPS=“${TYPS},* ; ANZ="${ANZ} * ; fi
ICC="echo $IC |cut-d,,“ -f1°

if [ $IC -eq 10]; then PRE=oder

elif [ $IC -eq 11 ]; then PRE=b_BP

elif [ $IC -eq 12 ]; then PRE=€elbe

elif [ $1C -eq 13]; then PRE=b_K

elif [ $IC -eq 14 ]; then PRE=donau

elif [ $IC -eq 15]; then PRE=b_ex

elif [ $IC -eq 40 ]; then PRE=lena

elif [ $IC -eq 50 ]; then PRE=indus

€lse PRE="grep $ICC $FPATH/modflow | cut -d ,, ,, -f2" ; fi

H#HPRE="grep $ICC modflow | cut -d,, ,, -f2°

echo $ICC

TYPS=${TYPS}${IC}

NAM="echo $IC | sed -e ,, s(,( (g*"

IANZ=0

foriin $NAM ; do IANZ="expr $IANZ + 1" ; done
ANZ=3ANZS$EXPANZ

SANZ="expr $SANZ + $IANZ"

#

# khkkkkhkkkhkhkkkhkhkkkkkhkk plme I'IVGI' narne Into wurce-f kkhkkhkkkhkkkhkhkkhkkkhkhkkkx
#

if [ $IC-eq 10]; then RIVER=Oder

elif [ $IC -eq 11]; then RIVER=Baltic_Proper

elif [ $IC -eq 12 ]; then RIVER=Elbe

elif [ $1C -eq 13 ]; then RIVER=K attegat

elif [ $IC -eq 14 ]; then RIVER=Donau

elif [ $IC -eq 15]; then RIVER=Baltic_excl_K

elif [ $IC -eq 40]; then RIVER=Lena

elif [ $IC -eq 50 ]; then RIVER=Indus

else RIVER="grep $IC $FPATH/rivers|cut -d ,, ,, -f2" ; fi

#

cat source.f | sed -e , S(TITLESIZ($RIVER(, >tmp

mv tmp source.f

echo $RIVER

#

# kkhkkkkhkkkhkhkkkhkhkkhkkkkhkhkkk plmefllmarne IntO S)UI’CE.f kkhkkkkhkhkkkhkkkhkhkkkhkhkkkxk
#

for EXPNO in $EXPN1 $EXPN2 $EXPN3 $EXPN4 $EXPN5S $EXPN6
do

EXPNR="echo $EXPNO | cut -f1-d*_“"

ZEITRAUM="echo $EXPNO | cut -d ,_* -f2'

FNAME=$FPATH/${ EXPNR}/${ EXPNR} _${ PRE}_${ZEITRAUM}

echo $EXPNO

if [ SEXPNO =,0BS | ; then FNAME=$FPATH/OBS/${ PRE}_obs ; fi
if [ $EXPNO =, obsnew’ ] ; then FNAME=$FPATH/obsnew/${ PRE} obs; fi
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if [ SEXPNO =, 0bs 4‘ ] ; then FNAME=$FPATH/obs 4/${ PRE} obs; fi

if [ SEXPNO =,obsislscp | ; then FNAME=$FPATH/obsislscp/${ PRE} _obs;; fi

if [ $EXPNO =, obsnat’ ] ; then FNAME=$FPATH/obsnat/${ PRE} _obsnat ; fi

if [ SEXPNO =,0bs act' | ; then FNAME=$FPATH/obs_act/${ PRE}_obs; fi

if [ SEXPNO =,0bs _79-83' ] ; then FNAME=$FPATH/obs 79-83/${ PRE} obs; fi
if [ SEXPNO = ,0bs 81-85' | ; then FNAME=$FPATH/obs _81-85/${ PRE} obs fi
if [ SEXPNO =, obsnat_81-85' | ; then FNAME=$FPATH/obsnat_81-85/${ PRE} _obs; fi
if [ $EXPNO =,LEGca' | ; then FNAME=$FPATH/LEGca/LEGca ${PRE}_1-1; fi
if [ $EXPNO =, LEGar' | ; then FNAME=$FPATH/LEGar/LEGar_${PRE} 1-1; fi
FELDELEMENT=3IZ,3IY

echo $SFELDELEMENT

echo $FNAME

cat source.f | sed -e, s(file$I Z$l Y (SFNAME(, > tmp

mv tmp source.f

#

IY="expr $IY +1°

#

done

#

1Y=1

#

# khkhkkhkhkkkhkhkkhhkkhkhkhhhkhkhhkdhhkhhhkhhhhhhhhkhhhhhkkhhhkdhhhhhkhhhdhhkhhhdhhkkhhhkdhkhdkkkx
#

1Z="expr $I1Z + 1°

done

#

# *kkhkkkkhkkkhkkkkhkkk plme Other pararneters IntO murcef *khkkhkkkkkkhkhkkkkkkk

#

echo $AUTOSCALE

#

cat sourcef | sed -, S(TYPS(${ TYPS}(,, > tmp

mv tmp source.f

cat source.f | sed -e ,, S(IMAXWERT1($SANZ(, > tmp

mv tmp source.f

|Z="expr$I1Z - 1°

cat sourcef | sed -e,, S(EXPANZ($EXPANZ(, >tmp

mv tmp source.f

cat source.f | sed -e ,sS(A_SCALE($SAUTOSCALE(, >tmp

mv tmp source.f

#

#x**xxFxEI*HS* nlace Y-Achsen Einheit in source.f

cat source.f | sed -e , s(unittext(SUTEXT(, > tmp

mv tmp source.f

#

#x*xxxxxkFx*x* nlace X-Achsen Einheit in source.f

cat source.f | sed -e ,, S(xunit($XTEXT(, > tmp

mv tmp source.f

#

#*****************************************************************

#

#************************* run $urcef hhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhhkkkk
f77 source.f

aout

rm a.out

rm -f file??
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