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CHyM - Architectural characteristics

W Distributed grid-based hydrological model;

U Different sets of precipitation data can be assimilated and merged in a hierarchical
way at each hourly time step;

QIt includes an explicit parameterization of different physical processes contributing to
hydrological cycle;

QIt runs in any geographical domain with any resolution up to DEM resolution, drainage
network is extracted by a native algorithm implemented in CHyM code;

QIt runs in any Unix platforms;

LIt doesn't use licensed software (GIS etc.), but graphic application are based on the
GKS (low level library) developed by NCAR

LIt reads, in the current implementation, precipitation and temperature fields from:
o RegCM, MMS5, WRF, Era40, trimm, Persiann, rain gauge (any sparse data), radar, satellite estimation
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In order to solve numerical singularities and merge different data set of observational/predicted
data, CHyM model uses an original Cellular Automata based algorithms

A Cellular automata definition

. -

H |

e Acellular automata is a discrete dynamical system (Space, time and states of the system
are discrete quantities)

e Each pointin a regular spatial lattice, called a cell, can have anyone of a finite number of
states

* The state of the cells in the lattice are updated according to a local rule

* All cells on the lattice are updated synchronously
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How Cellular Automata theory is applied to solve DEM singularities

* CHyM grid is considered an aggregate of cellular automata
* The status of a cell corresponds to the value of a CHyM matrix (DEM)
* The state of the cells in the lattice is updated according to following rule

8
h—h+a| Y B,(h,~h)
J

e All cells on the lattice are updated synchronously
Update ends when flow scheme is OK
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How Cellular Automata theory is applied to solve DEM singularities

The simple recipe:
* Smooth DEM using CA rules until FD can be obtained for all the cells
e Generate streamflow network using smoothed DEM
e Use “true” DEM and modify ONLY the cells draining toward an higher cell
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How Cellular Automata theory is applied to solve DEM singularities

@ CETEMPS Hydrological Model Preprocessor
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Parametrization of physical processes contributing to hydrological cycle
Surface runoff

Based on the kinematic wave approximation (Lighthill and Whitam, 1955) of the shallow water wave,
the equations used by CHYM model to simulate the surface routing overland and for channel flow, are

the continuity and momentum conservation equations:

S is longitudinal bed slope of the flow element , n the Manning’s roughness coefficient while
R is the hydraulic radius that can be written as a linear function of the drained area
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Parametrization of physical processes contributing to hydrological cycle

Melting
M =T,T +Sp(1- )G,

G, =CA, sin(W)

l A, =[0.6+02sin(¥)|(1.0-0.40,)1.0-0.70,,)1.0-040,)

sin(W) = sin(@)sin(9, ) — cos(@)cos(0, )cos(ﬂ - A)

L4

A complete description can be find starting from:
http://cetemps.aquila.infn.it/mvlib/11.html
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Parametrization of physical processes contributing to hydrological cycle

A complete description can be find starting from:
http://cetemps.aquila.infn.it/mvlib/11.html

[ @ cetemps.aquila.infn.it/mvlib/11.html

This page is organized with four different tables. In the first table the general purpose routines available in the chym library are listed and documented. In the second table a complete description of CHyM

v @] [V Google

CHyM model Version 5.00 documentation
Source code available for local users only
The basic equations of CHyM model are available here.

internal flags written in the header of the output file is reported. In the third table the CHyM script parameters are listed and described. The table 4 lists the arrays used inside CHyM fortran code and related
meaning. The documentation of CHyMLab utility is now also available.
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CHyM model — User information

A complete description can be find starting from:
http://cetemps.aquila.infn.it/mvlib/11.html

chymreadstaticfields([lun/file],[flag])

Read from the source specified by the first argument the CHyM static fields. This data will be stored in the arrays defined within the chymdata module. This
subroutine also read the header of the file containing the vectors mchym, rchym and schym.

chymreadstaticfields Is actually an Interface (means that the name of the subroutine is the same, but you may invoke it using a different combination of
arguments) and you may invoke it in four different ways namely specifying the file name or logic unit (first argument) and specifying (or not) a two digit
integer option as second argument; if the second argument is not specifyed the value 00 for it is assumed.

® If an integer is passed as first argument the fields are read form this logic unit; if a string is passed as first argument, the subroutine assumes that this
argument specifyes the filename to be opened in a free logic unit, in this case the the file is closed after reading the fields.

® Valid options for the integer flag are 00, 01, 10 and 11. More specifically: If the second digit is = 1, this subroutines check whether or not the
parameters defining the grid written in the file corresponds to the grid defined by the parameters that are currently stored in the mchym/rchym vectors
(this option is usually used by CHyM model in order to restart from a previous run); if the first digit is 1 a short list of info is given on standard output,
specifying the grid and other informations about the CHyM output you are reading.

The subroutine chymreadstaticfields provides a very siple way to retrieve the basic fields of a CHyM simulation. As an example to plot the DEM of the selected
domain only a three-line program is needed:
use chymdata , only : chymreadstaticfields

call chymreadstaticfields('tmp/Po.chym')
call chymplot(l, 'dLl')

Marco Verdecchia — University of L’Aquila, Italy - CHyM model for flood alert
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CHyM model — User information

A complete description can be find starting from:
http://cetemps.aquila.infn.it/mvlib/11.html

|component | CHyM Internal Integer parameters - Vector mchym(50)

1

|Who write this output file. 1 means Chym Model, other values should cause a warning message because the file we are reading is probably not a CHyM output file.

|

| 2 |Number of grid points (Longitudes)

| 3 |Number of grid points (Latitudes)

| 4 |Coded value of the start date of this run (yymmddhh)

| 5 |Coded value of the end date of this run (yymmddhh)

| 6 |Number of time slices written in this output

I 7 INumber of static fields written in this output

| 8 INumber of dynamical fields written in this output

‘ o Restart flag. Same meaning as RESTART csh parameter. mchym(9)=0 means that a new run is started and a new output file must be created. mchym(9) > 0 means that static and dynamical
fields must be initializied from a previous run. See the description of RESTART csh parameter for a complete desciption.

| 10 |Land use code for sea

| 11 |Land use code for internal waterbodies

| 12 |MM5 domain used for MuSEO data base (used only if MuSEO is a rain data source)

| 13 |DEM source: 1 means Italy DEM, 2 means world DEM (1 Km of resolution) 3 means both, 4 means NASA World DEM with 90-meters of resolution, 21 means world+Rhone basin

[ 14

I

|Every how many hourly time steps Dynamical fields are saved in the output file [1]. equivalent to script parameter NSAVE

Marco Verdecchia — University of L’Aquila, Italy - CHyM model for flood alert
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CHyM model — User information

A complete description can be find starting from:
http://cetemps.aquila.infn.it/mvlib/11.html

General purpose flags

This script parameter allows to select the compiler used to compile the CHyM fortran code. If this parameter is not set by the user the CHyM script will try to compile with gfortran, ifort and

COMP  |pgf90 compiler (in this other) on the linux platforms. For other operating systems CHyM script will try to use the vendor specific compiler, namely f90 for HP-alpha platforms, f90 for SunOS and
Sylicon Graphics platforms, xIf for IBM-Irix platforms.
| VERB |A logical script variable. If it is set to "true" many verbose information are provided on standard output during the compilation and execution phase.
| The following flags determines how the CHyM output file will be built and used to restart a simulation.
RESTART csh parameter is an integer coded value determining the manner used by CHyM model to build the static fields and inizialize the dynamical fields.
® RESTART=0 means that a new run is started and a new output file must be created, the name of the output file is established by the OFILE csh parameter described below. The static fields
are calculated from the CHyM database and dynamical fields, as an example the flow discharge are initialized with a null value. Not that in this case an adeguate phase of spin-up is needed
before resonable values of dynamical fields are reached.
® RESTART=1 means that a new run is started, but the simulated geographical domain is the same as a previous one. In this case the static fields (DEM, Land use, etc.) are read from the file
specified by the RFILE csh parameter described below. If the user does not specify a value for RFILE csh parameter, CHyM assume that the input and output file are the same, namely
RFILE=OFILE, Warning: in this case the existing input file will be overwritten. Also with RESTART=1 the dynamical fields are initialized with a null value and an adeguate phase of spin-up is
needed before resonable values of dynamical fields are reached.
® RESTART=2 means that CHyM have to continue a previous run. In this case static fields are read from the file specifield by RFILE csh parameter described below and also the dynamical
fields are inituialized reading form RFILE files the time slice corresponding to the date of start of the current run. A new output file si created (the name is specified by OFILE script
parameter)
RESTART

Please, also carefully consider what follow:

® If you want to restart the model in a proper way, you have to save at least:
1. Flow discharge field (code "por")
2. Ground Water Content (code "gwt")
3. Accumulated snow (code "sno")
4. Deep ground water content (code "dgw")
as a consequence the csh parameter SAVEFLD must, at least, contains these four fields, namely:
set SAVEFLD = "por,gwt,sno,dgw"
If you do not save these fields, one or more of the above listed fields are re-initialized to zero at the restart of the run.
® If RESTART>0 the the CHyM csh parameters DEMF, NLON, NLAT, SLON, SLAT, DIJ are ignored.

N - . o . PR o e o N B o e e et e oab e e s i . R e - . . “ v e
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CHyM model — User information

A complete description can be find starting from:
http://cetemps.aquila.infn.it/mvlib/11.html

Array (Save Meanin Modified or Used b
name |code g Updated by y
| accl | * |Acc|ivity field. It is expressed as the sinus of the terrein slope in the direction of surface flow. | buildacclivitymap | runoffspeed
alfa SurfaceA runoff speed (m/sec), |.t also corresponds to the proportionality factor between flow discharge Q and wet section runoffspeed runoff
area A in the momentum equation.
cvmm2m3,
area * |Area of each cell (Km?2) areamatrix cvm32mm,
runoff
| bwet | wet |Wet area (m2) | runoff |
| deepw | dgw |mm of water infiltrated in the deep layer in the last N days (see component 7 of cpar vector described below) | groundwater | returnflow
- ) buiddem,angioplasty
* ’ ’
dem Digital Elevartion Model (m) demsmoothing,demholefilling CHyM
| ddeepw |Drained infiltrated water in the deep layer in the last N days (see component 7 of cpar vector described below) | groundwater | returnflow
riveronlanduse,
drai * |Total drained area of each cell (Km2) areamatrix calibration,
returnflow,
runoffspeed
| dx | |Channe| lenght (m) for each cell. | runoffspeed | runoff
| evap | evp |Actua| evapotranspiration term (mm) | potevapotransp | evapotranspiration

Marco Verdecchia — University of L’Aquila, Italy - CHyM model for flood alert
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CHyM model — User information

A complete description can be find starting from:
http://cetemps.aquila.infn.it/mvlib/11.html

Contains the calibration parameters, the list of different components follows:

1. Return flow factor, the return flow contribute is proportional to the this factor, to the drained area and the average
precipitation in the upstream basin in the past N days; the number N is established by the parameter cpar(7)
descript below. Used inside returnflow subroutine. Default=4.8e-07

. Alpha coefficient for the calculus of hydraulic radius. Used inside runoffspeed subroutine. Default=0.0015

. Beta coefficient for the calculus of hydraulic radius. Used inside runoffspeed subroutine. Default=0.050

. Melting temperature factor. Used inside melting subroutine. Default=0.050 calibration (see description)

Melting shortwave radiation factor. Used inside melting subroutine. Default=0.0094

. River/land threshold (Km2). Used inside runoffspeed and riveronlanduse subroutines. Default=100.0

. Number of days to consider for return flow. Used inside returnflow subroutine. Default=90

. Reduction of manning coefficient for channel flow. Used inside runoffspeed subroutine. Default=4.5

. River/land threshold (Km2). Above this threshold returnflow factor is computed. Used inside returnflow subroutine.
Default=200.0

cpar(52)

VCEONOUAUWN
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Merging different precipitation data set
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CA concents to meroe different precipitation data
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CA concepts to merge different precipitation data
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Predicting possible severe hydrological events
Flood alert mapping

* A deterministic prediction of discharge is often difficult because reliable time series of
flow discharge are not always available, especially for small basins.

* Floods are often observed for small basin where model calibration is difficult

* Flood occurrence depends also on the morphologic characteristics of the river

* Itis not straightforward to establish a discharge value above which flood is expected to
occur.
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Flood alert mapping
Definition of alarm index — CAl (CHyM Alarm index)

a7 — Ji-an Sy, P(t,s)dtds
T f(,p: ds
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Flood alert mapping
Average runoff time is calculated in four steps

(A Plot 21. su
7°E

@/’\Plot 22 R @va/\ Plot 23 @y"\'lot 25. Average runoff time (hs) for the upstream basin
- vl ol 7oE 8°E 98

46°N

45°N

7E 8°E 9E
0.4 34 6.5 95 126 157 18.7 21.8 24.8 27.9 30.9 34.0 37.0 40.1 43.1 46.2

Marco Verdecchia — University of L’Aquila, Italy - CHyM model for flood alert

manninoc



Water Resources in Developing Countries: Planning and Management

in Face of Hydroclimatological Extremes and Variability \,‘CTP

Flood alert mapping
Definition of alarm index — BDD (Best Discharge-based Drainage alarm index)

BDD,(t, —t,) = 111*‘-\7;}2_,‘)((2,-({))
1

Re PoRP
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Flood alert mapping
Validation of flood alarm index

cetemps.aquila.infn.it/chym/idra2/ v ‘3] [E:]V Google
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Lazio region, March 15/18 2011
Widespread floodings and evacuation of isolated
buildings.

M CHyN — BDD Index {mm/h}
'# Report by Functional Regional Center, Lazio Region.
Informations downloaded from the WEB:

¥ ANSA
'# Messaggero.it

® MM5vsOBS: Good

® LAA2: Very Good TAA2: Good

® LAA3: Very good TAA3: Very Good.
Watch the BDD animation [

According to Lazio Functional Regional Center, the event was caused by frequent local weak precipitation in the first half on the mouth, widespread precipitation during the period of event, and a high
saturation degree of the soil due to the melting of snow on the Apennines.

The general pattern of accumulated precipitation is well captured by MM5 model.
In the following file .kmz file 9\ we have highlighted, on Google Earth, locations interested by flooding as reported by newspapers of that period (in this case, we have no data about event latitude and
KMz

longitude, but only the location name) and by Lazio Functional Regional Center, and the location of hydrometric level sensors.

In the same file we reported our stress index maps too. BDD map represents the maximum value of BDD index for every grid point of domain during 8 simulated days. Different CAI2 maps represent
the stress state of different points of basins at any time.

To validate Indices, first of all they are compared with real data retrieved from the web (see above). In the following list we report the comparison between observed water level and flow discharge
predicted by CHyM model. All comparisons show as CHyM model reproduces very well the timing of the event.

Liri-Garigliano Basin

Valmontone; Anagni; Patrica; Ceprano; Alatri; Falvaterra; Isola del Liri; Sora; Pontecorvo; Sant' Apollinare; Cassino 1; Cassino 2

Tevere Basin

Subiaco; Marano Equo; Tivoli 1; Tivoli 2; Roma 1; Roma 2; Roma 3; Roma 4; Roma 5; Ponzano Romano; Civita Castellana; Narni; Rieti; Rocca Sinibalda;

Marco Verdecchia — University of L’Aquila, Italy - CHyM model for flood alert
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Flood alert mapping
Validation of flood alarm index

Summary tahle
__ = __ o __
Case Study 1 > > b T > & T * o S S S I
Case Study 2 | o Xk l % X | o e X | dededck [ o e e X | ¢ e e Je J&
Case Study 3 ( o [ o ( o , o K ‘ " ( o
Case Study 4 _ _ I
Case Study 5 [ ek [ dedrddk [ dedededede | ki [ dedrdedd | deddkkk
Case Study 6
Case Study 7 [ Y > 1 | r > & 1 [ r > > 1 [ ' > > [ drdrgrara | sk
Case Study 8 | kK ( ok k [ dededok . ok | Sedededek | dodododok
Case Study 9
Case Study 10 | 2 X | T 1 [ dedededk | K ks | dededodok
Case Study 11 | 5K [ 5K [ 5K | K 222230 XK
Case Study 12 [ Jrr e [ Jdedededk [ Jdedededk | 9 S ¥ i % [ % X
Case Study 13 | o ¥ | s ( o X | o ¥ ‘ ¢ e & ¥ | ¢ e ¢ ¥
Case Study 14 | 2 X [ Jdededek [ dedededk . ok | dedededed | Jededededk
Legenda
J Very bad Jo-J Bad JoJdeJe Average JodeJdeJe Good JodedeJeJe Very Good
For case studies in which no damages or floods occurred we only give an indication if a false alarm is given by different indexes.
S
. . . , .
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Flood alert mapping
Application to different case studies — Genova — October 2014

@g CHyM - CAI - (mm/day) CHyM — BDD Index (mrm/h)
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Flood alert mapping operationally available at URL

g n http://cetemps.aquila.infn.it/chymop
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Flood alert mapping

Application to different case studies — Abruzzo region — Sep 2012
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Flood alert mapping
Application to different case studies — Abruzzo region — Sep. 2012
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Flood alert mapping
__ Application to different climatology

: Number of Alarm Hours — Threshold = 100 mm/24h
(2020/2050)-(1960/1990) — CAI Climate Scenario 04
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Flood alert mapping
Application to different case studies
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