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Carbon Dioxide Variations
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alitics and Space Administration

eartn's energy buadget

The Earth’s energy budget describes the
various kinds and amounts of energy that
enter and leave the Earth system. It includes

reflected by both radiative components (light and heat),
clouds & reflected by total outgoing that can be measured by CERES, and other
‘ ; atmosphere surface infrared radiation components like conduction, convection,
Incoming 77.0 239.9 and evaporation which also transport heat

22.9

solar radiation >
340.4

from Earth’s surface. On average, and over
the long term, there is a balance at the top
of the atmosphere. The amount of energy
coming in (from the sun) is the same as the
amount going out (from reflection of sunlight
and from emission of infrared radiation).

total reflected e—— atmospheric

solar radiation . window
99.9 emitted by —e 40.1 latent heat
atmosphere (change of state)
W 169.9
\ON emitted by
absorbed by absorbed by Slole th
ermals
atmosphere atmosphere 22.9 (conduction/
77.1 358.2 greenhouse gases  convection)
¥ absorbed by emitted by back
surface surface radiation
163.3 398.2 340.3

net absorbed
0.6

All values are fluxes in Wnr?
_and are average values based on ten years of data

Loeb et al., J. Clim. 2009
Trenberth ot al., BAMS, 2009

www.nasa.gov NP-2010-05-265-LaRC




Temperature Anomaly (C)

Land Temperature Trends: NZ and Global
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New Zealand air temperatures
over the land have warmed by
about 1°C over the last century.
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A problem of climate change and conservation

Many of New Zealand native wildlife evolved in climatic
conditions cooler than those projected by the end of this
century.

Those that evolved earlier had large habitat ranges with
little or no predation. A wide range would have provided
a buffer to fluctuating climatic conditions.

So how will species cope under new climate conditions
where habitat options are constrained and other
pressures exist?
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Near-surface air temperature anomaly (°C)
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Some warming is unavoidable, even if we
stopped emitting excess greenhouse gases
today.

The trajectory of future warming depends
mostly on global greenhouse gas emissions.

Our imperfect understanding of the climate
system adds further uncertainty to the
projections.

RCP6.0 would reach about 2.2°C of warming
by the end of the century. The Paris Climate
Agreement aims to keep global warming well
below 2°C.
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T Impacts of climate change for New Zealand

* Higher air temperatures, particularly at higher elevations
and during summer/autumn

* More time spent above temperature thresholds

* Both increases and decreases in rainfall depending in the
location; winter and spring see the largest changes.

* More drought

* Less snow

* Increases in extreme winds

* Southward shift in the reach of extra-tropic cyclones, but
perhaps less frequent

* Decreases in humidity

* More severe floods

Climate Change Projections for

New Zealand

Atmospheric projections based on simulations e Greater societal water demand
undertaken for the IPCC 5th Assessment
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The number of days when
temperatures climb above 25°C
(or any other temperature
threshold) will increase.

The change is more pronounced
at higher towards the north and at
higher elevations.
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“Battle for the Birds” 2014

Confirming the beech mast

DOC has confirmed the prediction of a beech mast
by shooting beech tree branches and counting seeds.

The verdict:
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South Island

23 places that DOC |
i has assessed to date: |
! The size of the dot is

| proportional to the
! amountof seed inthe !

Differences in average summer temperatures aT

between successive years correlated with masting
events of beech trees, and subsequently house
mice outbreaks. The warmer the following year, the

larger the events.
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Summer soil moisture conditions are on
average projected to dry across most of the
country leading to more severe and frequent
terrestrial droughts.

Soil Moisture
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A Review of Climate-Change Adaptation Strategies for
Wildlife Management and Biodiversity Conservation

JONATHAN R. MAWDSLEY,* ROBIN O'MALLEY, AND DENNTS S. OJTMA
The Beins Cemter, 900 17eh ereet N, S 700, Wabingess, D.C. 20006, US4

direct species managemsent. monitoring and planning and Law and policy Tools for implemencing e

@
legilacion y polieica. 1as berramientes para 12 mplemensacion de a5 estaiegias son

[t

Ecological effects of climate change already observed:

shifts in species distributions, often along elevational gradients

changes in the timing of life-history events, or phenology, for particular species
decoupling of coevolved interactions, such as plant—pollinator relationships
effects on demographic rates, such as survival and fecundity

reductions in population size (especially for montane species)

extinction or extirpation of range-restricted or isolated species and populations
direct loss of habitat due to sea-level rise, increased fire frequency, disease/pest
outbreaks, altered weather patterns, glacial recession, and direct warming of habitats
increased spread of wildlife diseases, parasites, and zoonoses

increased populations of species that are direct competitors of focal species for
conservation efforts

increased spread of invasive or non-native species, including plants, animals, and
pathogens
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Review

A Review of Climate-Change Adaptation Strategies for
Wildlife Management and Biodiversity Conservation

JONATHAN E. MAWDSLEY,* ROBIN O'MALLEY, AND DENNIS 5. OJIMA
The Beinz Center, 900 17¢h Strect NW, Suite 700, Washington, D.C. 20008, U5 4.

The scientyfic ki contairs {frtéamns of cbserved and potertial effects of global
climuate charge on species and In o affects of change, conservation

and goverrma grencles ore developing “adaytation sratepies” to fecilitate the adiustwet
of beoman society and ecological systems to altered climate reptmes. We reviswed the literature and clinete
change adaptation plans that bave beem develaped in mecmwﬁmmm
Africa and found 16 i ategies diversisy,
These strategies can be growped ints four broad categories: land and water protection and management;
direct spectes ng and and lzw and policy. Tools for tmplementing these
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tools that can be used to address dimate-change gffects, managers will
Iibaly maed to apply these tools in movel and insovating ways o et the wprecednted challnges pased by
climate chawge
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Climate change adaptation strategies

=

Increase extent of protected areas

Improve representation and replication within protected

area networks

Improve resilience of existing sites

Design new sites to maximise resilience

Protect movement corridors, stepping stones, and refugia

Manage and restore ecosystem function rather than

focusing on specific components (species or assemblage)

Increase landscape permeability to species movement

Focus resources on species that might become extinct

Translocate species at risk of extinction

10. Establish captive populations of species threatened with
extinction

11. Reduce pressure from other sources (e.g., pests, habitat
loss)

12. Evaluate and enhance monitoring programmes

13. Incorporate climate change into management plans
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SONZ locations DOC National Parks
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Adapting to a

changing climate | Proposed strategies

A proposed framework for the conservation of 4

terrestrial native biodiversity im New Zesianstul BN | Improve knowledge of the impacts of climate change on
species and ecosystems

2. Develop decision-support tool and adaptation methods

3. Incorporate climate change adaptation strategies into
existing management and research programmes,
planning and policy

4. Improve management and restoration of existing species
and ecosystems to facilitate resilience to climate change

5. Raise awareness and understanding of the impacts of
climate change on biodiversity

: Depastmient of :
-« newzealand.govt.nz ; R - Conservation -
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The northern island sanctuaries will
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Summary

Climate change will affect habitat conditions and resource available,
in turn affecting both the prevalence of pests and the distribution of
habitat ranges. This is in addition to existing pest and habitat
pressures.

Shifts in habitat ranges may challenge the feasibility of site-specific
restoration goals, including full species dominance, and would thus
prompt a greater reliance on iso-climate refugia and translocations,
climate change corridors, as well as local interventions.

Mechanistic modelling can help understand potential species effects,
but projections will always be uncertain. Direct observations will also
lag decades behind onset of effect. Therefore adaptation must be
robust and precautionary.
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