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Part 1. Drainage Basin Structure and
Dynamics - How does a River Get its Water
and Chemistry that it Delivers to the Sea?
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Very often, meaningful action requires memory
— scenarios provide us with memory of the

future .....Models provide us with the scenarios
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THE GLOBAL C CYCLE

a Atmos phere
Fossil Fuel [390 + 161]
& Cament Land-Usa Land Respiration
Vokanizm  EMissions Change  sink MPP & Fires

SCOPE RAPID ASSESSMENT



Climate-Land Surface-Water:

The Hydrologic Cycle as Defining Framework
Q (runoff) = P (precipitation) - ET (evapotranspiration) + ASM (soil
moisture/GW)
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T'?[Hzcos*] FIRCO.] + [CO,1

& CO,(g) + H,0 <=> H.CO5(aq) = pCO,
| Respiration/production vs \Weathering:

“H,CO, + CaCO, (CO + Ca?t




Represent dynamics as “geospatially-explicit &
process- based “ (set of) models

“Models” - Movement
Daily/Seasonal < =y, of water, energy

Seasonalj
(Inter)Annual

Decades/Centurie

Geological







FROM DEMs to TOPOGRAPHY, SLOPE, AND RIVER NETWORKS




DEFINE THE BASINS AND RIVER NETWORKS

Location Map of Principal & Secondary River Gauging Stations

& Nt o e s LN . 5 Kt [ preeyer—) -
—== e e N
b e e ~_ = N | st ke iy +

Bhuta

i pour points and bains




Weathering and Sedimentation in the Rock

Cycle
* Weathering and erosion
are the processes that hasl
break down rocks and pagpotma  Deposidon in
make particles and £ SN
dissolved ions available ¢ " SEDIMENTS
to form sediment. 8 " 3
= Burial and
E Uplife lithification
« Sedimentation, burial E B
and lithification are the § bl Uplift 1. SEDIMENTARY
processes that s J ROCKS
transform weathering : Heat and s
products into | Hy pressure

sedimentary rocks.

Cooling =) METAMORPHIC
Y ROCKS
Melting

MAGMA
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Weathering: decomposition of rocks

Weathering and Land transport and deposition
erosion . j _ by water, wind. ice




Weathering: Chemical and Physical

‘W? % The destruction of rocks at the Earth’s
surface by weathering has two
fundamental modes of operation:

— Physical weathering is
fragmentation into progressively
smaller particles, from intact
outcrop to boulders and on down to
mineral fragments and sand grains.

* Physical weathering makes loose
pieces of rock available for
downslope movement by mass
wasting or transport in flowing water
as suspended or bed load.
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Stability of Common Minerals
Linder Weathering

Stability of Rate of
Minerals Weathering
Most stable Slowest

Iron oxides (hematite)

Aluminum hydroxides
{gibbsite)

Quartz

Clay minerals

Muscovile mica

Potassium leldspar
{orthoclase)

Biotite mica

Sodium-rich feldspar
{albite)

Amphiboles

Pyroxene

Calcium-rich feldspar
{anorthite)

Olivine

Calcite

Halite Y

Least stable Fastest

Chemical Weathering

Chemical weathering is driven by
thermodynamic energy minimization,
just like chemical reactions at high
temperature.

— The system seeks the most stable
assemblage of phases.

— The differences are that

(1) kinetics are slow and metastable phases
can persist indefinitely under the right
circumstances;

(2) the stable minerals under wet, ambient
conditions are very different from those at
high T and P;

(3) aqueous solutions are major players in the
stability relations, so that solubility in water
and the dependence of solubility on water
chemistry (notably pH) are major
determinants in the stability of minerals in

weathering.



TABLE 2.2 Principal processes of chemical weathering

Chemical Weathering

Name of
process

Nature of process

Examples

Principal types
of rock
materials
affected

Hydrolysis

Hydration/
dehydration

Oxidation

Solution

lon Exchang

Chelation

Reaction between H' and

OH™ ions of water and the
1ons of silicate minerals,
vielding soluble cations,
silicic acid and clay min-
erals (if Al present)

min or loss of waler mole-

cules from a mineral, Te-
sulting in formation of a
new mineral

Loss of an electron from an

element (commonly Fe or
Mn) in a mineral, resulting
in the formation of oxides
or, if water is present, hy-
droxides

Dissolution of soluble miner-

als, commonly in the pres-
pnce of CO,, to vield cat-
ions and anions in
~olution

@ c:hange of ions, principally

ations, between solutions
and minerals

Bonding of metal ions to or-

ganic molecules having
ring structures

Mg,Si0, + 4H,0 — 2Mg™* + 40H™ + H,Si0,
[fosterite) (silicic acid)
IKAISEO, + 2H* + 9H,0 — H,ALSL,O, + 4H,8i0, + 2K
(orthoclase)  ac (kaolinite) (silicic

acid) ag
9NaAlSi,0, + 2H® + 9H,0 — H,ALSi,0, + 4H,8i0, + 2Na*

[albite] an (kaolinite) (silicic
acid)

CaS0, - 2H,0 = CaS0, + 2H,0

(gypsum) (anhydrite)

Fe,0; + H,0 = 2FeOOH

(hematite] (goethite]

41“‘!‘-!31.03, + D_a__:’ EFCZD:! 48103

(pyroxena) (hematite] [quartz)

MnSiO; + ~0, + 2H,0 — MnO, + H,S8i0,

(rhodanite) i

21’"(.‘53 + 15/2 D:g + ';:HQD_’ FBgD:; f 450.;‘. + BH

[pyrite) (hematite)

H,O + CO, + Cal0, = Ca*" + 2HCO, [carbonation]

(bicarbonate)
+ 2H,0 [direct solution]

[L:i:llt;[‘lu] _
CaS0, - 2H.O — Ca** + 8Q,°
[g¥psum]

Na-clay + H' — H-clay + Na'

Metal ions (cations) + chelating agent [excreted by lichens] — H" ions
+ chelate [in solution]

Silicate minerals

Fvaporites

Ferric oxides

Iron and man-
ganese-hearing

silicate miner-
als, sulfur

Carbonate rocks

Evaporites

Clay minerals

Silicate minerals




Physical Weathering

Anything that promotes disaggregration of a rock so that pieces can form soil or be
eroded away by wind, water, or gravity transport is physical weathering.

— The distinction between physical weathering and erosion is subtle, but think of
physical weathering as fragmenting the rock and erosion as carrying the
fragments away; at times these may be the same event, of course.

Rocks that are jointed or faulted or have pre-existing weak zones are most easily
weathered.

— Few of the stresses associated with physical weathering are significant
compared to the tensile strength of intact rocks; something, has to start the
process, either initial cracks and weaknesses or chemical attack on mineral
cohesion.

Organisms, especially plants (think tree roots), are fond of breaking up rocks.

Freeze-thaw, frost wedging, frost heave...the volume change between ice and
water is effective in widening cracks in rock in suitable climates.

Physical abrasion by flowing air or water, or more often by rock particles already
mobilized by water or wind (think Fossil Falls).

Tectonics...rocks caught in a fault zone are definitely undergoing physical
weathering.

Etc.






Soill Formation

Chemically and physically weathered rock that is not eroded or
transported but remains in place becomes soill.
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Rock Particles <-> OM

(River basin Organic Matter and Biogeochemistry Synthesis Model)

Production via
Terrestrial Biosphere Model

Production via
errestrial Biosphere Mod¢
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Wet climate

Thin or absent
humus

Thick masses of
insoluble iron

and aluminum
oxides; occasional
quartz

lron-rich clays and
aluminum
hydroxides

Thin leached zone

Mafic igneous
bedrock
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(a) LATERITE

Soil Formation

« The mineralogy and thickness of soil layers depends on source rock, climate
(temperature and rainfall), and age.

«  Which of these soil types would you rather farm?
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Temperate climate

Humus and
leached soil
» A (quartz and
clay minerals
present)

Some iron and
aluminum oxides
"B precipitated; all
soluble materials,
such as carbonates,
leached away

Granite

2 [ bedrock

Dry climate
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Soil Data Preparation
Soil Physical Properties were obtained from the FAO Soil Program
» Bulk Density
« Sand/Clay content. From sand and clay content, each 1/12
degree pixel grid cell is assigned to one of the twelve FAO soil
textural classes
» Soil hydrologic parameters estimated from the USDA soil texture
class, following Schaake (2000).
- Porosity
- Saturated Hydraulic Conductivity
- Field Capacity
- Wilting Point
« Soil depths are taken as 10, 20 and 120 cm as initial guess
for the layers one to three respectively. It is to be changed
after calibration of simulated to observed flows.

Other soil parameters are either computed from those already
obtained ; for instance , particle density computed from Bulk
density and porosity or recommended values from previous
studies are used







Specific to each class,
information on the biophysical
attributes (rooting depth, height,
etc) is required, which can come
from multiple sources.




VEGETATION — GETTING IT RIGHT
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Evergreen needleleaf forest
Il Evergreen broadleafforest

Deciduous needleleaf forest
- Deciduous broadleaf forest

Il Mixed forest

[ Clesed shrubland

[ Open shrubland

[] woody savanna

[ savanna

[ @rassland

Il Fermanentwetland
Cropland

I Urban
Il o= aic of cropland/natual ve getation
|:| Snow and ice

- Barren

I Rice Paddy and Field (frem OGE)
I Hot Irrigated Cropland (from OGE)




VEGETATION “CLASSES”

....of interest to many, for multiple purposes... . =

Forest cover in Lower Mekong Basin
and Burma

Bl '-Evergreen, high cover density
I z-Evergreen, medium to low cover density
I =-Evergreen mosaic

Bl -+ tixed (evergreen & deciduous), high cover density
Il 5-tixed (evergreen & deciduous), low cover dens ity

I - Mixed mosaic
B 7-Creciducus

[ 5D eciduous mos aic

[ &-Regrowth

[] 10-Regrowth, inundated
[ 11-Inundated

[ 12-mangrove

[ 13-Flantations

I 1+ Other forest cover
[] 15-Inundated mos aic

Non-forest cover in Lower Mekong Basin
and Burma

Bl 5 codland & shrubland, evergreen

[ ]17-Grassland

[]1&-Bambeoe

I 12- codland & shrubland, dry

[ z0-w codland & shrubland, inundated
[ ]21-Cropping mozaic (erop<20%)
[ 22-Cropping mozaic {crop=30%)
I == ~aricultural land

[ 24Baren land

Bl 5 rocks

[ 2&-Urban or built up

I H-Irrigated lands

3= ater

i [ ]490-Alpine and sub-alpine grass

Forest cover in China

[ 27-Heedleleaf deciduous forest
Bl 23-Heedleleaf evergreen forest
Bl 2o-Broadleaf evergreen forest
[ #0-Broadleaf deciduous forest

Non-forest cover in China

[ =1-Buszh

[ 32-5parse woods

[ ]3=Alpine and sub-alpine meadow
[ J345lpe grassland

[ #5-Flain grassland
[]#8-Dpesertgrazsland

] =7-Meadow

[ z&-Gravek

[ 39-mesert

Minimum stomatal resistance, RGL, and solar radiation attenuation

Vegetation height, displacement height, roughness length, and architectural resistance

Leaf Area Index, albedo

Maximum rooting depth, and distribution of root mass with depth

Wind height and wind attenuation




Climate iy, Ty, you <an i
that newbike if you can
answer just one question:
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The daily variability of NCEP/NCAR is used to create daily
P and T data using monthly CRU (for T) and Udel (for P) as
a control.
« So, for a given month the daily precipitation varies like
the NCEP/NCAR data while the amount is controlled by
(add up to) that month's U-Delaware precipitation.

The data prepared using the above mentioned steps are of
0.5 degree resolution. Those data were interpolated to
1/24 grid cells using the SYMAP algorithm (Shepard, 1984)
to obtain daily time series of precipitation and maximum
and minimum temperature for each grid cell.

Temperature data were interpolated using a lapse rate of -
6.5 °C per km to adjust temperature from the 0.5 degree
grid cell to each elevation of the 1/24 grid cell.
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* What are “flowpaths?”

= How do flowpaths
change with soil type?
*How do flowpaths change
with landuse?

deforestation?




INFILTRATION RATE

Saturated Hydrologic Conductivity (K,)

» K, high for undisturbed forest solils

» Deforestation lowers K, because of:

Compaction by humans, animals, vehicles
Solil crust formation from direct impact of

raindrops
Breakdown of soil structure - less extensive root

systems
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WHAT HAPPENS WITH LANDUSE CHANGE?

reducing poverty and improving conservation at the tropical forest margins

Asg‘ Debunking Myths about Forests and Water:

A Policy Briefing Road Show

Alternatives to
Slash-and-Burn

Land Use and Water Resources Research

Forests and Hydrological Services:
Reconciling public and science EDITORIAL
perceptions”

FOREST, WATERAND LIVELIHOODS

!IIrUr.lEﬂI'I |rop|ca| !u-re!! !ESEGTC" I(

ETFRN NEWS 45/46: Forests, Water and Livelihoods
UNCERTAINTIES IN THE HYDROLOGY OF TROPICAL
REFORESTATION: BEYOND “FROM THE MOUNTAIN TO THE TAP™



Surface Flow Processes

Because of reduced ET and reduced
|nf|Itrat|on rates DEFORESTATION results in:

S '—?‘ﬁ‘

Increased streamflow
» Greater flood frequency (maybe)

* Reduction in‘dry season flow (rarely)
- Overland flow generation — Soil erosion

N







* By 2006, 62% of the land in the Araguaia River
basin has been converted to agriculture.

« Sediment flux within the Araguaia River increased
by 28% from 1965 to 1998.

* The river is re-organizing its physical structure to
accommodate the increased sediment; with a central
channel being carved from what was once a multi-
branching river.

* Discharge has increased by 25% since the 1970s.

e Simulations indicate that about 2/3 of the change in
discharge is attributable to changes in land cover.




Upland Riparian/Floodplain Surface Water

>

— 5 Water and Dissolved
—> Fresh OM
— Particulate River Routing




Distribution of Carbon species in water
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Landuse Change - Carbon exchange
and Nutrient Release

Mayorga 2008
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Constraining the Amazon River contribution
to the tropical Atlantic Ocean carbon cycle-
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How do composite processes of land-water interactions scale up to
generate regional patterns?

What is the size and character of the riverine carbon pool and the
timing of its mobilization compared to net atmosphere-land carbon
uptake? (and what are the factors controlling the partitioning of
carbon between evasion and fluvial export?).

What do these regional patterns in carbon transport and
transformation indicate about the overall relation among water
movement, landscape structure (topography, soils), and vegetation
structure and productivity across the Amazon basin?

What are the effects of climate variability and human forcing on
water and fluvial carbon mobilization?
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“Rede Beija Ri0”
Education, Training, & Distributed Sampling
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Space-Time Variance in pCO2 (relative to Q, pH, DOC)

a2 ) LGN

Rede Beija Rio in prep
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Gas Transfer Velocity

I:COZ =KS (pCOZ(water) = pCOZ (air) )

where:
k = gas transfer or piston velocity (cm hr)
s = solubility of CO,




Respiration Rate (umol O2 L hr'l)

RIVER METABOLISM IN AMAZON WATERS

Respiration rates

1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

0 2005
W 2006

BB NR Cat Hum Amz Sol Mad Acre Moa

Jur

Tar Pur

Envi

080 vs O, saturation

30 .
= oo |
§28 °% o |
% 26 °0 5 o i
: "o,
£ 24- -,
o= * |
%o 229 ©pH<7 o!®
® pH>7 %o

20 1 | 1 I | ;

040 050 060 070 080 09 1.00 110
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Respiration dominates over photosynthesis when 580 values are
greater than 24.2%. and are undersaturated, whereas photosynthesis
dominates over respiration when 8'80 values are less than 24.2%. and
the fraction of oxygen saturation is greater than 1
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| ely differentiated by local/regional Iandé

na[ outgassing estimate seems conservativ

55 to dial in to overall basin Carbon budget —is t
ater coupling and fluvial system ‘de-coupled
. from the upland, andhowoyou “count” |

present the deflnl




Any questions?




