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S1.1 Introduction

This report provides documentation of the downscaling experiments performed in the
Second National Climate Change Study and of the model output data that has been
delivered in product 3.1. The report is intended to enable easy access and
understanding of the datasets provided, and includes details of:

HadGEM3-RA model configuration

Regional domain

Time periods and scenarios

Description of GCMs / Aspects of RCM configuration specific to the driving GCM
Model inputs

Model diagnostic outputs

In the dynamical downscaling work, nine GCMs from the CMIP5 archive (see
http://cmip-pcmdi.linl.gov/icmip5/) were downscaled along with the ERA-Interim
reanalysis over a domain covering Southeast Asia. The selection of the downscaled
GCMs is described in Chapter 3; the models selected are ACCESS1-3, BCC-CSM1-1-
m, CMCC-CM, CNRM-CM5, CSIRO-Mk3-6-0, CanESM2, GFDL-CM3, HadGEM2-ES
and IPSL-CM5A-MR. Originally a tenth GCM, GFDL-ESM2G, was also going to be
downscaled. The reasons for not using this GCM are discussed in the Chapter 4.

S1.2 HadGEM3-RA model configuration

HadGEMS3-RA is a regional climate model (RCM) that uses the third global atmosphere
(GA3) configuration (a defined set of science settings) of the Met Office Unified Model
(hereafter referred to as the UM). A description of the HadGEM3-RA model, along with
an evaluation over Africa is given in Moufouma-Okia and Jones (2014). For a full
description of the GA3 formulation, refer to Walters et al. (2011).

The model used in this project differs from the standard HadGEM3-RA model in the

following ways:

1. HadGEM3-RA in its standard configuration has 63 vertical levels and a top
atmospheric height of 40km. Many of the global models downscaled have lower
top heights. For these models, levels have been removed from the top of the
RCM as required. The performance of parameterisation schemes in the
troposphere is sensitive to the vertical resolution; in view of this all GA3
configurations have a common first 50 levels which model the first 18km of the
atmosphere. By keeping the same first 50 levels (and keeping higher levels in
common where possible) there is partial consistence with the GA3 configuration.
Section 5 gives details of what level set was used for each GCM.

2. Additional smoothing to the resolved and parameterised orography has been
applied in order to keep the model numerically stable. The requirement for
smoothing the orography in the UM and the method used are described in
Webster et al. (2003). The smoothing in these experiments has used €=30, where
€ has the same meaning as in equation one of Webster et al. (2003). This level of
smoothing is used in 12 km limited area UM simulations over Southeast Asia. It
means that the grid-scale orographic features are eliminated completely, 6 grid-length
features are damped by 50% and 10 grid-length (and longer) features remain largely
untouched. Calculation of the standard deviation fields that are used in the gravity
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wave drag parameterisation scheme is performed relative to the filtered mean
orography. Consequently, information lost from the resolved orography by the
filtering process has been added to the fields used in some of the model's
parameterisation schemes. Smoothing of the standard deviation fields has been
performed in the same way as that of the mean orography.

3. A limit (referred to as the w limiter) on the maximum vertical motions was applied at
model level 26 (approximately 5km) and above. The limit applied was a vertical
Courant number of 1.5. At model level 26 this roughly translates as a limit of 2.9 m/s,
with this limit increasing as level thickness increases. The limit was chosen to only be
activated where the resolved vertical motions became unrealistic and was
implemented to avoid occasional model crashes. The number of times the limiter was
applied was carefully monitored.

4. In order to keep the model stable without over-relying on the w limiter, a 3 minute
time step (rather than 5 minute) was used. The time step is the discrete length of time
that the model integrates forward by. A shorter time step ensures a more accurate
integration at the expense of making the simulation more computationally expensive.

S1.3. Regional domain, model resolution and land sea
mask

The RCM experiments were run over a domain (Figure S1.1) covering 94° to
126.89° longitude and -11.1° to 20.69° latitude. The grid box spacing is 0.11°
(equivalent to ~12 km at these latitudes) meaning that there are 300 grid boxes in
the East-West direction and 290 grid boxes in the North-South direction.

When choosing domains and resolutions, the affordability of simulations needed to
be considered. There was a need for balance between the affordability of a single
simulation and the number of GCMs and scenarios to downscale.

A high resolution was desired in order to resolve Singapore adequately. The chosen
resolution was considered the highest possible resolution for which the single
nesting methodology could be used with the majority of CMIP5 models. Further
discussion on this subject is given in section 5. At the beginning of the project a
number of domains were trialled. The trials involved one year long simulations
driven by the ERA-Interim reanalysis. Comparisons were then made of the
following:

e The 950 hPa winds. Consistency with the driving reanalysis data was assessed
during two monsoon seasons (approximated as DJF and JJA).

e The diurnal cycle of rainfall over Singapore was compared as a test of the
dependence on the domain size and positioning on the RCM’s production of local
processes. Hourly rainfall is not expected to be reproduced correctly at 12km
resolution, however this test is still relevant since 1) Singapore is located in the
middle of the domain, where the RCM is less constrained by the large scale flow
(Jones et al., 1995) and 2) rainfall in Singapore is mostly the outcome of mesoscale
processes which can be attributed to the RCM only, since they are not explicitly
resolved at GCM scale.

There were three domains where the level of consistency was sufficient and also
produced very similar diurnal cycles over Singapore. Consequently, these three
domains were considered suitable from a scientific point of view. The final choice
was made in consultation with MSS.
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The land-sea mask is shown in Figure S1.1. The positioning of the grid was
designed to ensure that Singapore was represented by as many grid boxes as
possible. In addition the number of land points for Singapore was increased to take
into account recent land reclamation projects which are not represented in the
dataset used to derive the land-sea mask. Careful consideration was given to the
land sea mask of the whole domain in order to ensure that it was accurate.

Figure S1.1. Plot of the land sea mask. Red represents land, blue represents ocean. The
white line marks the boundary between the outer ‘rim region’ (as described in section
S1.6.1) and the interior of the RCM domain.

S1.4 Time periods and scenarios

The simulations covered the historical period and used two scenarios: RCP45 and
RCP85. The scenarios are part of four future plausible trajectories of different
aspects of the future that were constructed to investigate the potential
consequences of anthropogenic climate change in CMIP5, referred to as
“Representative Concentration Pathways” or RCPs (Moss et al., 2010). These future
scenarios have been generated by Integrated Assessment Models that combine
socio-economic and energy-system modelling to produce plausible future estimates
of factors that affect the climate, specifically greenhouse gas concentrations,
aerosol, tropospheric ozone and land use. These factors are often described as
climate forcings. For more information about the RCP and historical forcings used in
CMIP5 and how they are applied in these simulations, see section S1.6d.

The CMIP5 GCMs forked into RCP scenarios in 2006. In order to allow more
observations to be used for evaluation and bias adjustments, it was desirable to
have a historical period that extended closer to the present day. The historical
period was extended to 2009 by using RCP85 model inputs and forcings. Any error
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from using the first four years of RCP85 greenhouse gas concentrations, aerosol,
ozone and land use rather that observed is expected to be insignificant.

The RCM Scenario simulations span the period 1/11/2009 - 1/12/2099. An obvious
consequence of this set up is that there will be no continuation of weather systems
between the last day of the historical RCM simulation and the first day of the RCP45
RCM simulations.

In order to the run the experiments and produce data in a timely fashion, the
simulations have been split into periods of typically thirty years. This enabled
experiments to be run in parallel and also the prioritisation of time periods that are
analysed in reports. Table S1.1 shows the start and finish years of each segment.

At the start of each simulation, the RCM solution will be influenced by its initial
conditions. Consequently, the first eleven months of each simulation have been
discarded as spin-up. See section S1.6¢ for more information on the initialisation of
each simulation and justification of the spin-up period.

Table S1.1:
Start date Start of End date Comments
analysed
data
1/12/1950 1/11/1951 1/12/1959
1/12/1958 1/11/1959 1/12/2009 Switch to RCP85 scenario forcings
on 1/12/2005
1/12/2008 1/11/2009 1/12/2039 For both scenarios
1/12/2038 1/11/2039 1/12/2069 For both scenarios
1/12/2068 1/11/2069 1/12/2099 For both scenarios. Exceptions in
table 1A

It was necessary to further split some simulations. These are detailed in table

S1.1A.

Table S1.1A:
Start date | Start of analysed End date GCM and scenario

data

1/12/2068 | 1/11/2069 1/12/2093 CNRM-CM5 RCP85
1/12/2092 | 1/11/2093 1/12/2099 CNRM-CM5 RCP85
1/12/2068 | 1/11/2069 1/12/2076 CNRM-CM5 RCP45
1/12/2075 | 1/11/2076 1/12/2084 CNRM-CM5 RCP45
1/12/2083 | 1/11/2084 1/12/2091 CNRM-CM5 RCP45
1/12/2090 | 1/11/2091 1/12/2099 CNRM-CM5 RCP45
1/12/2068 | 1/11/2069 1/6/2093 ACCESS1.3 RCP85
1/12/2092 | 1/6/2093 1/12/2099 ACCESS1.3 RCP85

Although two spun-up RCM simulations covering an overlapping time period would
be expected to be climatologically similar, the solutions would not be expected at a
specific time to necessarily be the same. The range of solutions to RCM simulations
that only differ in the initial conditions is a consequence of the internal variability of
the RCM and has been the subject of numerous studies (e.g. Caya and Biner,
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2004). For convenience we have joined simulations on the 1°' of November in all
cases; however, users requiring continuous time series may wish to find a date
where there is lower internal variability to join simulations.

S1.5. Description of driving GCMs, Aspects of RCM
configuration specific to driving GCM

Nine GCMs from the CMIP5 archive were downscaled along with the ERA-Interim
reanalysis. Each GCM will have its own dynamical core with differing prognostic
variables, coordinate systems and resolutions. Table S1.2 describes some of the
properties of each model with links or references to more information. Note that CMIP5
conventions specify a standard set of model variables to be output. Most modelling
centres have chosen to output data on a standard horizontal grid, consequently
information on the GCM'’s native horizontal coordinates or prognostic variables have not
been included; interested readers may refer to the links in Table S1.2. During the
downscaling, the GCMs provide the RCM with input atmospheric lateral boundary
conditions (LBCs) and sea surface temperatures (SSTs). More information on the
preparation of RCM input data is given in section S1.6.
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Figure S1.2: (Left) the land sea mask of the CanESM2 GCM over the RCM domain at its
native resolution. (Right) the RCM domain at its resolution (12km). In both plots white
represents land and green represents ocean. It should be noted that the CanESM2 GCM
has been selected to plot since it contains the largest differences.

The ‘Big Brother’ experiments (Denis et al, 2002) involved performing a high (at the
time) resolution ‘reference’ climate simulation, before applying a statistical filter in order
to reduce the resolution of the output. The filtered data was then used in order to drive
an RCM in a series of experiments designed to test different aspects of one-way nesting
set up, by accessing the reproducibility of the climate of the reference simulation. One
such experiment (Denis et al., 2003), assessed the sensitivity of resolution jump
between the RCM and driving data. They found that a resolution jump of 12 was able to
satisfactory reproduce the climate of the reference simulation, whilst a jump of 24 was
not. The Big Brother experiments were performed over Canada and it is unclear how
applicable the conclusions are for other regions, particularly for Southeast Asia where
the large scale atmospheric flow is weaker but the influence of sea surface temperatures
on the atmosphere is greater.
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The change in resolution also means that the land sea masks of the GCM (over the
RCM domain) and RCM can differ significantly, as illustrated in Figure S1.2, where large
parts of the domain have switched from land to ocean. A consequence of this is that
SSTs have to be extrapolated on to the RCM domain, and hence high resolution details
being lost, e.g. SSTs tending to be warmer in the Strait of Malacca. More details on the
interpolation procedure of SSTs are provided in section 6b. It is also possible that such a
significant change from land in the GCM to ocean in the RCM will cause the hydrological
balance of the two models to differ, leading to inconsistencies between the two
simulations. 1t is likely that the SSTs and lateral boundary conditions provided to the
RCM will contain both model bias and a resolution jump. In view of the above
discussion, the information in table S1.2 and the analysis of the GCMs given in the
Chapter 3 provide useful information that aids interpretation of the RCM outputs.

Many climate models use simplified calendars, such as the 360 day calendar (where
every month has 30 days) and the 365 day calendar (where there are no leap
years). The RCM simulations use the same calendar as the driving GCM. The
calendar used in the GCM is given in Table S1.2. Table S1.2 also contains the
number of levels used in the RCM (see section s1.1 on RCM formulation for more
explanation).
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Met Office

Table S1.2:
Component | Atmosphere Ocean
GCM Approx. Horiz. | Vert.l | No. of | Top height Approx. Horiz. Calendar Links or references No. of
grid spacing in | grid | vertical grid spacing in levels
tropics (long., type levels tropics (long., in
lat. spacing) * lat. spacing) RCM
ACCESS1-3 | 1.9,1.2 HH 38 39000m (36000m | 1.00,0.34 Gregorian | http://wiki.csiro.au/confluence/display/ACCE | 63**
for winds) SS/ACCESS+Publications
?_CmC-CSMl- 11,11 HP 26 354Pa 1.00,0.34 365 day Wu et al., 2014 59
CanESM2 28.2.8 HP 35 102Pa 1.40,0.93 365 day http://www.cccma.ec.gc.ca/models 62
cMce-CM 0.8,0.80 HP 31 1000Pa 2.00,0.50 Gregorian http://www.cmcc.it/data-models/models 58
CNRM-CM5 | 1.4,1.4 HP 31 1.00,0.33 Gregorian http://www.cnrm.meteo.fr/cmip5 58
1000Pa PRTRT
Follow model description link
g_SOIRO-Mk3- 1.9,1.9 HP 18 446Pa 1.88,1.88 365 day Rotstayn et al., 2010 59
GFDL-CM3 25,20 HP 48 2Pa 1.00,0.34 365 day http://nomads.gfdl.noaa.gov- follow links 62
HadGEM2- |1.9,1.2 HH 38 39000m(36000m | 1.00,0.34 360 day The HadGEM2 Development Team, 2011 63
ES for winds) Collins et al. ,2011
:\I/TSL-CMSA— 2.5,1.3 HP 39 4Pa 2.00,0.50 365 day http://icmec.ipsl.fr 63
ERA- 0.8,0.8 HP 64 0.25,0.25 Gregorian 64
INTERIM 10Pa switching to Dee et al., 2011
0.05,0.05***

*Here “HH” stands for hybrid height, and “HP” stands for hybrid pressure. Appendix S1.2 gives a brief description of both coordinate systems.

** The level set used here is slightly different: Instead of removing a level from the top, the 63 levels have been rescaled. Comparison with the standard L63
GAZ3 level set shows that they are coincident up to approximately 7km and then only differ by a tiny amount thereafter, such that even by the time 20km is
reached, the location of the model level is approximately only 1/4 of the level thickness at that height (and thus the RCM'’s physical configuration should be
preserved). The slightly different approach is not due to a deliberate experimental design decision.

*** SSTs used in RCM simulation come from high resolution SST reanalysis that combine observations and satellite data: see section S1.6B for more

information.
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S1.6. Model Inputs
S1.6.1 Lateral boundary conditions

Information from the driving GCM is passed to the RCM at the lateral boundaries of
the RCM domain incrementally as the regional model integrates forward in time.

CMIP5 GCM data are stored in an archive which contains the following variables
output at a six hourly instantaneous frequency: (three dimensional)
westerly/northerly winds, temperature, specific humidity and (two dimensional)
surface pressure. During the creation of lateral boundary conditions, there is a
requirement for UM prognostic variables to be derived, along with vertical and
horizontal interpolation on to the boundaries of the RCM grid. The procedure used to
create lateral boundary conditions is outlined in Appendix S1.2.

The RCM solution in the outermost four grid points comes entirely from the driving
model and is required for the RCM’s semi-Lagrangian dynamical core. After that a
gradual relaxation from the GCM to RCM atmospheric conditions is applied over four
grid points where the GCM forms 1, 3/4,1/2,1/4 of the solution. Over the area where
lateral boundary conditions are applied the RCM uses orography from the driving
GCM (that has been bi-linearly interpolated on to the RCM grid), the next seven
most outer points contain a blending between the RCM and GCM orography. For
this reason data from the 15 most outer grid points is often not suitable for analysis
and is excluded. This 15 point ‘rim region’ is marked with a white line in Figure S1.1.

Lateral boundary conditions are supplied at every RCM time step by incrementally
linearly interpolating in time from the current model time provided by the incoming
six-hourly instantaneous data value to the next six-hourly value.

One feature of the implementation of the downscaling of the IPSL-CM5A-MR model
is that three hours have been subtracted from the true time of the data in order to
change the data times from 3,9,15, and 21 hours to the more conventional 0,6,12
and 18 hours used in the other CMIP5 driving GCMs. Tests in a one year simulation
using correct LBC times show that the consequences of this are minimal.

S1.6.2 Sea Surface Temperatures

Daily mean sea surface temperature (SST), taken from the ocean component of the
driving GCM, was provided as input to the regional model. Note that the CMIP5
archive provides SST output on both the atmosphere and ocean grid. Data from the
ocean grid has been used as this tends to be higher resolution. The SSTs were
prepared for input by using the following procedure:

e SSTs on the source model grid were first interpolated onto land points of the
source model grid. This was done to ensure that information was not lost
around the coasts in the interpolation process as well as avoiding any
possible mis-matches between the GCM and RCM land masks.

e The CMIP5 models to be downscaled use a variety of ocean grids. The land-
filled data were then regridded using bilinear interpolation onto a common
global regular latitude longitude grid. The resolution of the common grid was
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chosen to match that of the highest model resolution over the tropics of the
nine downscaled GCMs, namely a latitudinal resolution of 1/3° and a
longitudinal resolution of 1°.

¢ Finally, the data were re-gridded using bilinear interpolation onto the 12km
regional model domain ready to be input into the model.

For downscaling ERA-INTERIM, the model used daily high resolution reanalysis of
SSTs that are a synthesis of satellite and in-situ observations. Unfortunately, there
wasn’t one product that covered the whole time period of the ERA-INTERIM
reanalysis. The decision was therefore taken to use:
o Reynolds SSTs (Reynolds et al., 2007) for the period 1/12/1982-1/12/2008. This
dataset is a 1/4° spatial resolution from November 1981 to 2008.
e OSTIA SSTs (Donlon et al., 2012 and Roberts-Jones et al., 2012) for the period
2008-2010. This dataset has a native resolution of 1/20° and covers 1985 to the
present day.

With both Reynolds and OSTIA datasets, the SSTs on the source grid were first
interpolated onto land points using the same method as used for the GCMs. Prior to
being regridded onto the RCM domain, OSTIA SSTs were first regridded onto a 0.1°
global grid by taking the average of the four source 0.05° grid boxes contained in
each 0.1° grid box to make the OSTIA resolution roughly comparable to the RCM
resolution. Figure S1.3 shows a comparison of Reynolds and OSTIA SSTs for the
year 2008.
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Figure S1.3: Differences between OSTIA and Reynolds SSTs (OSTIA-Reynolds) for the
year 2008, after being regridded on to the RCM domain. Left: annual mean. Right: domain
averaged daily time series.

S1.6.3 Initial conditions

The model was initialised with atmospheric conditions and sea surface temperatures
coming from the driving GCM. These variables need to be initialised to avoid model
instabilities at the start of the simulation due to disagreement between initial
conditions and lateral boundary conditions.
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At the start of each simulation, the RCM solution will be influenced by its initial
conditions. Consequently it is necessary to allow the atmosphere and land surface
to adjust or “spin-up” to a mutual equilibrium state. Soil moisture and temperature
can take many months to reach equilibrium due to the thermodynamic processes
that control them. As soil moisture and temperature modulate surface latent and
sensible heat fluxes, it is likely that the RCM’s climate will drift (when measured as a
deviation from the driving GCM) during this period. Ideally, soil moisture at all levels
will be spun up, however it is the soil moisture in the root zone that has the most
influence on the climate. For a discussion on this topic see Giorgi and Mearns
(1999).
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Figure S1.4: Plot shows a time series of domain averaged soil moisture in the root zone
that is available for evapotranspiration. The dots are for a simulation that was initialised
on 1/12/1958 and the lines are from a spun up (began in 1950) simulation that is otherwise
identical. The two simulations have similar values after 350 days, indicating that the
simulations have spun up. The driving GCM in this plot is CSIRO-Mk3-6-0; plots with other
driving GCMs look similar.

In order to reduce the length of required spin-up, it may be desirable to initialise soil
variables from the driving GCM. Unfortunately this is only possible for HadGEM2-
ES, since the land models used in other GCMs will not share the same soil levels.
Non Hadley Centre GCMs have soil variables initialised from HadGEM2-ES and it is
hoped that these values will be roughly sensible. An eleven month spin-up period
has been chosen based on Figure S1.4.
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S1.6.4 RCP forcing data

Forcing data can be retrieved from the CMIP5 forcing data webpage: http://cmip-
pcmdi.linl.gov/cmip5/forcing.html. The remaining subsections describe how each
dataset was applied in these simulations.

S1.6.4.1 Land use

A 0.5° gridded dataset of land use was provided as part of the forcing data to be
used in CMIP5 models that do not contain a dynamic vegetation model (Hurtt et al.,
2011). This dataset contains fractions of the following land use types: crop, pasture,
water/ice, urban and natural (split into primary and secondary).

In the RCM, vegetation-atmosphere interactions are calculated using the Joint UK Land
Environment Simulator (JULES, Best et al., 2011). JULES splits each RCM grid box into
9 ‘iles’ that include 5 types of vegetation (broadleaf trees, needleleaf trees, C3 grass,
C4 grass and shrubs) and 4 other types (urban, water, soil and ice).

In order that the CMIP5 land use forcings can be used in the RCM, it is necessary to
find a method for mapping between these land use fractions and the JULES tiles.
Mapping between land use and land cover is not straightforward. Methods typically
involve using a potential vegetation dataset and a set of rules to define transitions
for other data types. Fortunately, the ISAM-HYDE dataset (Meiyappan et al., 2011) is
a 0.5° land cover dataset consistent with the HYDE3.1 land use dataset (the source for
the historical period of CMIP5 land use forcing) and is also in agreement with satellite
observations of the present day. We have taken the ISAM-HYDE dataset and mapped
their land cover types to JULES tiles. The mapping used is provided in Appendix S1.1.
For the scenarios, the following assumptions have been made in converting from land
use to land cover types:

e The ratio of all natural land types (i.e. broad-leaved tree, needle-leaved trees,
natural grass, shrub and bare-ground) remains fixed with respect to the total
fraction of natural land. This ratio has been calculated from the 2004 ISAM-
HYDE land cover dataset. What varies is the total fraction of land that has natural
(both primary and secondary) use.

e The C3:C4 grass ratios do not change from the year 2005.

The data are mapped from the global to the RCM grid using nearest neighbour
interpolation. This interpolation method rather than bilinear interpolation has been
chosen in order to not further smooth the data and hence enhance the resolution
mis-match. The Singapore grid boxes are represented by a combination three of the
nine JULES tiles, namely: broadleaf tree (referred to as ‘forest’ in figure S1.5), C3 grass
and urban. Figure S1.5 shows the resulting land cover over Singapore for the historical
period. Land cover over Singapore does not change in either the RCP45 or RCP85
scenario.

It should be noted that this land use mapping and the resulting land cover in the
RCM will not necessarily be the same as that applied in the driving GCMs, even
those which did not include a dynamic vegetation model.
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Figure S1.5: Land cover fractions over Singapore following the mapping of the ISAM-HYDE
dataset on to JULES tiles. “Forest” refers to broadleaf tree.

S1.6.4.2. Greenhouse Gas Concentrations

The CO2, CH4, N20 and Halocarbons were supplied from the CMIP5 data portal as
global mean mass mixing ratios. The annual concentrations were interpolated
linearly at each RCM time step.

S1.6.4.3. Ozone

Ozone has come from the AC&C/SPARC ozone database (Cionni et al., 2011) which
covers the period 1850 to 2100. CMIP5 models that do not include a chemistry
model also use this dataset. Zonal means have been calculated from this dataset by
averaging all the values that are at a constant latitude, and the data has been
interpolated on to the height based UM grid using the method described in section
4.2 of Jones et al.(2011).

S1.6.5. Aerosols

HadGEM3-RA does not interactively model aerosols, however aerosol climatologies
are used to provide aerosol concentrations to the RCM (for use in parameterisations
that require aerosol values). The climatologies are three dimensional and also
include an annual cycle by providing data for each month of the year. The
climatologies are calculated from an atmosphere-only HadGEM2 experiment with
added earth system components.
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Table S1.3
) w =
5 . z | 3
7 z S 5 5
z = Z <
cf variable name Met Office variable Mean Max Mea Min Inst Inst | Mean Mean
name n
air pressure at sea | PRESSURE AT MEAN E,P E
level SEA LEVEL
air temperature at | TEMPERATURE AT 1.5M | DP,E,P DP,E, | DP,E, | DP,E, E
1.5m P P P
air temperature TEMPERATURE ON P E,P
on pressure levels | LEV/UV GRID
cloud area fraction | TOTAL CLOUD E.P
AMOUNT IN LW
RADIATION
Convective rainfall | CONVECTIVE RAINFALL E E E
rate RATE
eastward wind at 10 METRE WIND U- E,P
10m COMP B GRID
eastward wind on U COMPNT OF WIND E,P E,P
pressure levels ON P LEV/UV GRID
Northward wind at | 10 METRE WIND V- E,P
10m ComP B GRID
northward wind V COMPNT OF WIND E.P E,P
on pressure levels | ON P LEV/UV GRID
precipitation flux TOTAL PRECIPITATION DP,E,P DP,E, E E
RATE P
relative humidity RELATIVE HUMIDITY AT | DP,E,P DP,E,
at 1.5m 1.5M P
relative humidty "RELATIVE HUMIDITY E
on pressure levels | ON P LEV/UV GRID
specific humidity SPECIFIC HUMIDITY AT | E,P E,P E
at 1.5m 1.5M
specific humidity SPECIFIC HUMIDITY ON | E,P E,P E
on pressure levels | P LEV/UV GRID
stratiform rainfall LARGE SCALE RAINFALL | E E
rate RAT
surface TOTAL DOWNWARD E,P
downwelling SURFACE SW FLUX
shortwave flux in
air
surface SURFACE E,P
temperature TEMPERATURE AFTER
TIMESTEP
surface upward SURFACE LATENT HEAT | E,P
latent heat flux FLUX
Wind gust WIND GUST E,P
wind speed at 10 METRE WIND SPEED | DP,E,P E,P DP,E,
10.0m ON B GRID P
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S1.7. Model diagnostic outputs

The model outputs a wide range of diagnostics in the Met Office’s PP binary data format.
In the dynamical downscaling work a wide range of variables have been evaluated.
Projections have been analysed for a subset of these variables. In Chapter 5 — Climate
Change Projections, temperature, relative humidity and precipitation flux have first
been bias corrected, details of the method used can be found in the report. Data for
the eight RCM grid boxes that cover Singapore have also been placed on a data
portal in order to make it available to policy makers in Singapore. Variables that
have been bias corrected in the projections report have also been bias corrected
before placing on the portal.

Table S1.3 lists the variables that are:
e Analysed in Chapter 4: Model Evaluation (E)

¢ Analysed in Chapter 5: Climate Change Projections (P)
¢ Available on the data portal (DP)
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