HOW CAN WE ASSESS THE PERFORMANCE
OF DOWNSCALED CLIMATE INFORMATION
FOR ECOSYSTEMS AND AGRICULTURE?

Jagdish Krishnaswamy & Milind Bunyan



Global and regional climate change context

* Weakening Monsoon
* Changing intensity regime
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Decline in the Indian Monsoon
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Assessing the utility of climate downscaled
products for ecosystem response?

* Do they reproduce key indices of historically
observed trends (regional seasonality and intensity)?

* Do downscaled historical climate products explain
hydrologic and vegetation dynamics?

* How can we assess their performance?
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Fig. 1 Locations of 47 higher elevation National Parks that occur in the pantropical latitudinal belt 30°N-30°S included in our study.
The overall elevation range for all sites was 1000-5887 m above m.s.l.
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Fig. 2 (a) Trends in annual maximum NDVI greenness of mountain vegetation over the period 1982-2006 for five continental regions
located in pantropical latitudes. The time series of NDVI for each region was obtained by averaging across time series for all sites
within each region. (b—f) Segmented regressions of annual maximum NDVI. Breakpoints and corresponding standard error bars are
indicated on the abscissa in each panel.



NDVI-Temperature coefficient

NDVI-Precipitation coefficient
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Dynamic vegetation response to climate
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Dynamic vegetation response to climate
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In the Himalayas...

* Strong negative trend in

NDVI-temperature
coefficient

 |nconsistent trend and

high variation in NDVI-
Precipitation coefficient

* Indicative of temperature-

related moisture stress in
the Himalayas



Dynamic vegetation response to climate

At high elevation, trees subjected to low water potential
and undergo severe temp. and H,0 stress

A record 31°C observed in April 1999

From Sep 98-May 99, 26.5 mm rainfall was received in 3
days in January and March
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Dynamic vegetation response to climate
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Fig. 4 Amplitude of seasonal NDVI cycles (a), and amplitudinal variation in mean monthly temperature (b) and monthly precipitation
(0) in each year during the period 1982-2006. The amplitude for each year was calculated after decomposing the time series into level
and cyclic-oscillation components using a dynamic model. Each time series is an average for each region, obtained after averaging
across individual amplitude estimations for sites within each region.

Can we reproduce seasonality dynamics with downscaled
climate products?
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Adaptation at Scale in Semi-Arid Regions




Dynamic vegetation response to climate

Greening and Browning trends
Trends in seasonal NDVI cycles

Loss of temperature positivity (indicative of
temperature-related moisture stress)

Response to rainfall episodes and perturbations



Inter-annual dynamics of water stress

* Hydrologic model (modified
version of Sacramento Soil
Moisture Accounting Model)

e Accounts for the water
demand across 5 sectors;
domestic, industrial, power

vhya Pradesh

Study Area generation, irrigation and
300 krfy ;- . ,‘ﬁ : livestock
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Inter-annual dynamics of water stress

* Model represents the amount
of water that must be
available to meet the demand
of a sub-basin. Non-
consumptive use of water is
returned to surface water so
that it is available for
downstream re-use

* To avoid stress, water supply
must meet the total water
withdrawals.

Intra-annual dynamics of water stress in the central Indian
Highlands from 2002 to 2012



Approach

Hydrologic model (modified version of Sacramento Soil
Moisture Accounting Model)

Accounts for the water demand across 5 sectors; domestic,
industrial, power generation, irrigation and livestock

Estimates the gross water use across sectors from surface
and groundwater sources and includes consumptive and
non-consumptive water.

It represents the amount of water that must be available to
meet the demandof a sub-basin. Non-consumptive use of
water is returned to surface water so that it is available for
downstream re-use

To avoid stress, water supply must meet the total water
withdrawals



Inter-annual dynamics of water stress
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Fig. 1 a Inter-annual area weighted median WaSSI (black) and
GWaSSI (gray). Precipitation (gray bars) shows the effect of the
monsoons in reducing water stress and recharging the groundwater
deficit (GWaSSI). Water stress is most severe during the rabi growing
season when irrigation is used. b Percent of the landscape water
stressed (GWaSSI > 1) by the number of months of water stress.
Calculation is based on the median values from 30 monthly
simulations of the period 2002-2012 for 1780 sub-basins. Error bars
represent the interquartile range (n = 587,400)

 Alarge portion of the landscape experiences water
stress for at least some months of the year
* Only 16% of the area remains unstressed

throughout the year.



Inter-annual dynamics of water stress

Fig. 3 Spatial distribution of (a) Surface Water Stress (b) Groundwater Stress
maximum water deficiency
within a year. a Surface water
deficiency. b Groundwater
deficiency. ¢ Combined surface
and ground water deficiencies.
Map b also contains the Tehsils
that the CGWB (2011b)
identified as groundwater
stressed in 2009. Supplementary
materials contain maps of the
uncertainty (interquartile range)
of the model simulations for
each map (S9-S11)
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Inter-annual dynamics of water stress

(a) Monthly (G)WaSSI vs. Precipitation
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Fig. 1 a Inter-annual area weighted median WaSSI (black) and
GWaSSI (gray). Precipitation (gray bars) shows the effect of the
monsoons in reducing water stress and recharging the groundwater
deficit (GWaSSI). Water stress is most severe during the rabi growing
season when irrigation is used. b Percent of the landscape water
stressed (GWaSSI > 1) by the number of months of water stress.
Calculation is based on the median values from 30 monthly
simulations of the period 2002-2012 for 1780 sub-basins. Error bars
represent the interquartile range (n = 587,400)

Rabi season irrigation results in 74% of the landscape
experiencing water stress for four or more months in a

year

Can we get similar results if downscaled climate data

products are used?



Monthly (G)WaSSI vs. Precipitation
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Fig. 1 a Inter-annual area weighted median WaSSI (black) and

GWaSSI (gray). Precipitation (gray bars) shows the effect of the
16.00 — T monsoons in reducing water stress and recharging the groundwater
D 100 deficit (GWaSSI). Water stress is most severe during the rabi growing
4.00 J_ J— ul - season when irrigation is used. b Percent of the landscape water
% : a stressed (GWaSSI > 1) by the number of months of water stress.
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Key results and implications

A large portion of the landscape experiences
water stress for at least some months of the year

Only 16% of the area remains unstressed
throughout the year.

Rabi season irrigation results in 74% of the
landscape experiencing water stress for four or
more months out of the year

Can we get similar results when we feed the
model with downscaled climate data products
rather than observed?



Opportunities and Concerns

 Dynamic mechanistic or data-driven hydrology and
vegetation models can be used to assess
performance of downscaled climate products

 Can we reproduce key observed seasonal and inter-
annual and longer term cycles and trends?

* Climate is only one of the drivers of vegetation; need
to address effects of other global and regional drivers
e.g. hitrogen deposition, disease



Opportunities and Concerns
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