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1. Project area

The project area consists of an upland area in the south and a downstream area in the north
(figures 1.1 —1.3).

Figure 1.1. Focal areas of the project. Map prepared in QGIS 3.6.0 with Google terrain as
baseline map, obtained with the QuickMapServices plugin.




Figure 1.2. Focal areas of the project. Map prepared in QGIS 3.6.0 with Google terrain as
baseline map, obtained with the QuickMapServices plugin.




Figure 1.3. Focal areas of the project. Map prepared in QGIS 3.6.0 with Bing as baseline
map, obtained with the QuickMapServices plugin.
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Figure 1.4. Focal areas of the project. Map prepared in QGIS 3.6.0 with Esri National
Geographic as baseline map, obtained with the QuickMapServices plugin.




Figure 1.5. Crop calendar for Sri Lanka. Sourced from:
http://www.fao.org/giews/countrybrief/country.jsp?lang=en&code=LKA
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Special attention is given in this report to months where the major foodcrops of rice and
maize are sown and grown according to the FAO’s Global Information and Early Warning
System (Figure 1.5): April — May (sowing period during Yala season), June — July (growing
period during Yala season), October — November (sowing period during Maha season) and
December — January (growing period during Maha season). The Yala season corresponds to
the South-west monsoon of May to September, whereas the Maha season correspons to
the North-east monsoon of December to February.



2. Changes in moisture index

To deal with uncertainties in projecting future climatic changes, analyses focused on
consensus among General Circulation Models (it is generally recommended to treat the
different GCM projections as equally likely and to adopt ensemble [consensus] approaches).
In checking for consensus among models, the likelihood scale recommended for the fifth
assessment report of the IPCC (Mastrandea et al. 2011) was adopted. As such, results were
reported as likely in case that at least 66% of models showed the same trend and as
unlikely in case that at most 33% of models showed the same trend.

Data on baseline and future (2050, the average of 2041-2060) monthly precipitation were
downloaded from WorldClim 1.4 at resolution of 2.5 arc-minutes (no downscaled results for
future climates are available yet from WorldClim 2). Future data sets correspond to CMIP5
data for the Representative Concentration Pathway 4.5, a medium emissions scenario and
the scenario for which most (i.e., 19) future General Circulation Model data sets were
available from WorldClim.

Monthly moisture index (the product of P PET! where P is precipitation and PET potential
evapotranspiration; this index is also known as the aridity index) were obtained after
calculating monthly PET with the envirem package through its monthlyPET function. Input
data layers of minimum, maximum and mean monthly temperatures were obtained from
WorldClim 1.4, whereas monthly extra-terrestrial solar radiation was obtained from the
CGIAR CSl.

Processing and mapping of geospatial data sets were done with R 3.5.1.



Comparison of the future and baseline monthly moisture indices shows that there is a likely
decrease of the moisture index for the project area in January and May and for a part of the
areain June (figures 2.1 — 2.2). These trends follow trends in precipitation, but as a result
from the general increases in PET, larger sections of the project area are expected to
experience decreases in the moisture index in May and June.

From August to October, the project area is likely to experience increases in the moisture
index and precipitation (figures 2.1 — 2.2).

Figure 2.1 (next page). Counts of General Circulation Models that project monthly increases
for Sri Lanka in moisture index, precipitation and potential evapotranspiration by the 2050s
for RCP4.5 compared to the baseline centred on 1975. The major changes in the colour
schemes correspond to the likelihood scale recommended for the fifth Assessment Report
of the IPCC.
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Figure 2.2. Counts of General Circulation Models that project monthly increases for the

project area in moisture index, precipitation and potential evapotranspiration by the 2050s

for RCP4.5 compared to the baseline centred on 1975. The major changes in the colour

schemes correspond to the likelihood scale recommended for the fifth Assessment Report

of the IPCC.
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The next series of maps focuses on the months with likely changes in the moisture index.



Figure 2.3. Projected mid-21% century changes (RCP4.5) for the project area in January in
moisture index (top), precipitation (middle) and PET (bottom)
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Figure 2.3 shows that the January moisture index will decrease beyond baseline conditions
(baseline conditions were coloured in greyscale) in the north-western part of the project
area, within the downstream area. Although there was consensus among the GCMs on a
general decline in moisture index, some models (gs, mc, mi, mp, mr and no; see Table 4.1
for full names of models) depicted an opposite trend of increasing values and values beyond
the baseline range in the upland areas.



Figure 2.4. Projected mid-21°t century changes (RCP4.5) for the project area in May in

moisture index (top), precipitation (middle) and PET (bottom)
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Figure 2.4 shows that although the moisture index is likely to decrease in May, values lower
than the baseline conditions are especially likely in the north-eastern section of the
downstream area. However, there were four GCMs (hd, mc, mg and mp) that projected
moisture index conditions that were beyond the baseline in most of the downstream area.
Some GCMs project increases in moisture index beyond baseline conditions in the uplands.



Figure 2.5. Projected mid-21°t century changes (RCP4.5) for the project area in June in
moisture index (top), precipitation (middle) and PET (bottom)
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Figure 2.5 shows that a limited number of GCMs project decreases in the June moisture
index beyond baseline conditions. However, with a minimum moisture index of 5 percent in
the baseline climate, there was not much scope for further decrease in the moisture index.
The same situation occurs for the rainfall, with a minimum of 7 mm in the baseline climate.



Figure 2.6. Projected mid-21% century changes (RCP4.5) for the project area in August in

moisture index (top), precipitation (middle) and PET (bottom)

baseline

o
o

Q
®

PRre

ot}

=
@

=
©
=
°

baseline

ot e

ot

baseline

g

AUG (Ml as %)

11t0 12
12to 12
12t0 12
12t0 37
37to 61
61 to 85
85to 110
110 to 134
134 to 147
147 to 161
161 to 174
174 to 188

I11to11

A g

ola|

=
=]

baseline

oot

ik

YW Qe A

A A T
A 7

i -

baseline

ac

Q
8
o
@
Q
=

gd

AUG (Rain

I15to 15

15t0 15
1510 16
16 to 16
16 to 47
471078
78 to 108
108 to 139
13910 170
170 to 189
189 to 209
209 to 228
228 to 247

in mm)

&
-

| ol

#
#
B
M

k=

gs

=
a

he

I

hg

»
-
-
2

11

mc

mg

mi

E]

mp baseline

~
s
B
P
P
P
A

AUG (PET

108 to 108
108 to 108
108 to 109
109 to 109
109 to 116
116 to 123
123 to 130
130 to 136
136 to 143
143 to 145
145 to 147
147 to 148
148 to 150

in mm)




Figure 2.6 shows that the most significant increases in August moisture index will be
experienced in the extreme south of the upstream area. This trend follows increases in
rainfall, for which there is strong agreement among the GCMs.



Figure 2.7. Projected mid-21% century changes (RCP4.5) for the project area in September in

moisture index (top), precipitation (middle) and PET (bottom)
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Figure 2.7 shows that in September, a large number of GCMs project that a significant
section of the upland area will experience moisture index values beyond the baseline range.



Figure 2.8. Projected mid-21°t century changes (RCP4.5) for the project area in October in
moisture index (top), precipitation (middle) and PET (bottom)
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Figure 2.8 shows that although there was model consensus (likely changes) on an increase
of moisture index values in October, changes outside the baseline range will be experienced
mainly in the upland areas. Some GCMs (ce, gd, in and especially ac) project an opposite
trend of a decreasing moisture index in the north. However, even decreasing values beyond

the baseline range are above 100 percent.



3. Projected changes in monthly precipitation volumes

Total volumes of precipitation and PET were obtained for the project area after reprojecting
the relevant geospatial layers to the equal-area Mollweide projection via the raster::
projectRaster function.

The balance between future and baseline precipitation volumes were obtained by extracting
and summing precipitation values from all raster cells that covered the project area. The
final total volume was adjusted to compensate for differences between the actual areas of
the downstream (3345.0382 km?) and upstream areas (1477.154 km?) with the area covered
by the sampled grid cells (3299.872 and 1575.423 km?, respectively)

In an alternative procedure, differences between precipitation volumes also considered the
changes in PET and calculated the precipitation difference that would result in the same
moisture index in the future and the baseline conditions for each GCM. Calculations for this
alternative procedure were as follows, as shown here for GCM hd for the month of January
for the downstream area.

e Inthe baseline climate, total P and PET were 16,210 mm and 17,558 mm respectively,
resulting in a moisture index of 0.9232.

e Inthe future climate, total P and PET were 11,394 mm and 18,318 mm respectively,
resulting in a moisture index of 0.6220.

e To return to the baseline moisture index, there is a future precipitation deficit of 701 mm:
(16,210 + 701) / 18,318 =0.9232

e The precipitation deficit of 701 mm corresponds to a volume of 15,139 million | by
multiplying the precipitation deficit with the adjusted size of a grid cell (~ 21.5809 km?)

Table 3.1 shows that, for the downstream area, there are likely precipitation deficits in
January and May with 13 GCMs projecting deficits. There are likely precipitation surpluses
from August to October, with respectively 16, 18 and 15 GCMs projecting surpluses.

When also considering the maintenance of moisture indices (Table 3.2), the number of
GCMs projecting deficits increased from 13 to 14 for May. Likely precipitation surpluses
remained from August to October, although the number of GCMs that projected surpluses
changed to 17, 16 and 14, respectively.

Table 3.3 shows the projected changes in moisture indices for the downstream area,
estimated from total P and PET. The same months identified for Table 3.2 showed likely
changes: January and May with likely decreases, and August to October with likely
increases.

Tables 3.4 to 3.6 show volumes for the upstream area. The same months can be identified
with likely decreases (January and May) and likely increases (August to October) as for the
downstream areas. However, also June was identified as a month with likely decreases in



the moisture index (13 GCMs, Table 3.6) and volumes when also considering the
maintenance of the baseline moisture index (13 GCMs, Table 3.5).
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4. Methods

Table 4.1. Mid-21% century GCM datasets obtained from WorldClim 1.4 and analysed in this
report

GCM Code
ACCESS1-0 ac
BCC-CSM1-1 bc
CCsM4 cc
CESM1-CAM5-1-FV2 ce
CNRM-CM5 cn
GFDL-ESM2G gd
GFDL-CM3 gf
GISS-E2-R gs
HadGEM2-AO hd
HadGEM2-ES he
HadGEM2-CC hg
INMCM4 in
IPSL-CM5A-LR ip
MIROC5 mc
MRI-CGCM3 mg
MIROC-ESM-CHEM mi
MPI-ESM-LR mp
MIROC-ESM mr

NorESM1-M no



Figure 4.1. Sampling grid for baseline and future precipitation and potential
evapotranspiration. Map is in Mollweide projection system.
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